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Summary

In June 2013, the Royal Society embarked on a series of meetings with teachers and other education experts across the United Kingdom, with a view to gauging professional opinion on how science and mathematics education could look in 20 years’ time. The four discussions detailed in these reports took place in England. Further seminars, in Belfast and Cardiff, will take place in the autumn.

This report provides a summary of the discussions and views expressed at the workshop held on 10 June 2013 at Thinktank, Birmingham. The workshop was specifically geared to discussing the Vision for science and mathematics education that the Royal Society’s Vision Committee is currently developing.

The Vision

‘We want inspirational education systems that will deliver both scientifically and technology informed, engaged citizens and appropriate numbers of qualified people who wish to take up science- and technology-based careers.’

Principle 1
‘An excellent teaching profession is at the heart of an inspirational education system.’
Principle 2
‘Learning and active involvement with science and mathematics supports the development of informed and engaged citizens.’

Principle 3
‘Assessment and accountability systems must recognise a broad set of qualities beyond subject knowledge.’
Participants, who were split into two groups and guided in their discussions by Royal Society facilitators, were asked to grapple with the Vision Committee’s Vision and the three principles upon which it is built. 
Discussions ranged extensively over what the priorities for the future should be given, for instance, expected major ‘drivers’ of change, and were informed by the varied concerns and opinions expressed by participants as to the problems and challenges facing science education today. 
While an attempt is made to cover the debate as fully as possible, this report does not capture every comment. In order to facilitate free discussion, it was agreed that full details of each speaker would be kept anonymous. Nonetheless, in many cases, it is possible to provide outline details about the sector in which speakers work. 
Warwick Mansell

Discussion of Principle 1. ‘An excellent teaching profession is at the heart of an inspirational education system’
A wide-ranging discussion on this principle saw participants debating the current status on the profession and the pressures felt to be facing many teachers while, as at the Eden Project, debating whether teachers’ academic qualifications were key and spending much time on the related issue of continuing professional development. 

Pressure

After a brief reminder from a mathematics educator that ‘we have to work out what an excellent education system is before we can talk about what an excellent teacher is’, the discussion moved on to consider the pressures facing teachers, which one participant said were so severe that he had seen many talented individuals leaving the profession. 
This speaker, who works in one of England’s Science Learning Centres, said: ‘The best classroom teachers I have known over the past 10 years are largely leaving the profession. The profession has become too much of a pain in the behind. The environment in schools is not conducive to these teachers, and they have got the talents and experience to make good money with a lot less stress.’
Later, he added: ‘In the last two years, when I ask if everything is OK, I have never seen so many adults burst into tears’.
Good teachers who did not need the intrusion of heavy-handed accountability were finding themselves having to conform with what senior management thought would please Ofsted, he suggested, adding: ‘For the most part, senior management in schools are under pressure to meet Ofsted standards with pretty mobile goalposts.’

‘Mixed messages are then being given to staff at a lower level, and Chinese whispers get passed down about the need to demonstrate the need for pupils to show progress every 20 minutes.’ This was not helpful, he suggested.
An independent school teacher, who said he chose to enter the non-State sector because he felt it offered more professional freedom, said: ‘The number one aim should be an enthusiastic, inspirational staff. You need energy, you need enthusiasm, you need more freedom’.

Status of teaching
In an echo of the observation at the Eden Project, a primary teacher who qualified some years after having studied for her first degree argued that teaching was not seen as a prestigious occupation at university. 
She said: ‘All the way through university, it was “Well, if you do not do well, you can always be a teacher”. It was never pushed as something to go for in its own right. How does that raise the profession?’
There were some thoughts on how this might be changed. A secondary teacher said he had been impressed by a visit to a school where staff displayed the academic qualifications they had for all to see. 

He said: ‘Some teachers have on their door: this is Mr X or Mrs Y and this is the degree he or she has got. I think that’s to be encouraged for all teachers. If you are lucky enough to have your own room, you put it on your door.’
Another teacher suggested that insisting that teachers were well-educated themselves before they entered the classroom, and then communicating this with the public, would be important in trying to raise the profession’s status. 

Teacher qualifications

As in Cornwall, most participants seemed to be of the view that, if there was a debate to be had about whether good academic qualifications were a necessary prerequisite for good teaching, they were certainly not sufficient. 

A primary teacher said: ‘Experts in maths and science are not necessarily the best people to teach. When I went to university, we had a brilliant mathematician teaching us, but she used to get so frustrated when we did not get something she was trying to teach us.’
A secondary head of department said: ‘I do not want a science teacher who is not confident in their subject. But neither do I want a science teacher who has not got the skills to be able to differentiate effectively and provide for effective learning and progress.’
Continuing professional development (CPD)
There were extensive discussions about teacher development at this seminar, beginning with concerns about the possibly declining state of support for it in recent years. 
‘The Government is destroying the structures that do exist [for training]’ said the maths education academic. The National Centre for Excellence in the Teaching of Mathematics is [only] a web portal. There are no structures to make sure that there is a network for professional development. Local authority support for it has either been removed or made contractual, covering a period of one to three years. You cannot have a national system of professional development on this basis.
‘We have to train the teachers who are in post, and we have to give them sufficient reasons to stay.’ A Postgraduate Certificate of Education tutor said: ‘Schools are not being funded for CPD. The Government is talking about encouraging school-to-school partnerships and teaching school alliances, but my worry is that we do not go down to the lowest common denominator’, with schools not learning from the best provision nationally.
A secondary head of department said she did have recent experience of great CPD: a 3 day conference put on by the Prince’s Teaching Institute at Cambridge University. The speakers there were fantastic’, she said. ‘At lot of it was subject specific, run by teachers and lecturers at Cambridge University.’
The educationist from the science learning centre said that teachers did want to develop their practice, but had constraints of time and energy. 
He said: ‘We work with universities who provide high quality CPD for teachers. I run two courses, for which teachers gladly give up holiday time, giving up time with their families and leisure activities. But at the moment, I believe the culture in schools is working teachers so hard that it’s getting to be too much to give up holidays.’
In terms of approaches to improving the situation, unsurprisingly there was support for the idea of teacher sabbaticals, while the notion of being able to take time out to study for a higher degree was also popular. Asked if continuing professional development should be mandatory in schools, many participants nodded their heads. 
However, even if extra study and development work came with seeming professional recognition, one participant was sceptical about its actual impact on teachers’ lives. ‘I have had my master’s [degree] since 1997 and it has made no difference whatsoever to my progress in my career’, she said. 

Discussion on Principle 2. ‘Learning and active involvement with science and mathematics supports the development of informed and engaged citizens’
Participants debated the involvement of universities and employers in school provision; how to create an engaging science experience for young people which encouraged them to want to persist with the subject; and the question of whether depth would suffer if pupils had a broader curriculum post-16.

Universities and employers

There was some debate about the extent to which universities would be interested in getting more involved in developing links with schools. 
A teacher suggested that with universities’ incomes now much more dependent on income from student fees, they had an incentive to work with schools to encourage students to think about applying. However, a university academic replied that it was a difficult job to encourage colleagues to engage with outreach work in schools, as ‘they won’t get any credit for that. And it’s a big job: you would need 10 people [in a single university department] to do it properly, and there’s no funding stream.’ The academic added later, however, that there was some funding from the Department for Business, Innovation and Skills (BIS), for universities to get more involved in schools, but that ‘BIS does not talk to the Department for Education’.
In terms of employment, there was some suggestion that science teachers should be liaising with companies to highlight the different career opportunities available to young people with science qualifications. ‘I often think that teachers do not have an awareness of what the career paths are [for young people]’, said one participant. 

Engaging science lessons

One secondary science teacher said professionals sometimes needed to be bold to create the kind of engaging lessons envisaged by the Vision Committee. Often, this would involve cross-curricular work. 

He said: ‘We had a Key Stage 3 programme which saw the kids going through 36 tests in three years. I smashed it apart and rewrote the curriculum around nine topics. They do a topic called theme parks, for example, which is physics, but more topic-based. We try to enthuse them through the subject: we go to the National Space Centre, and teach them the science of Star Wars.’
One teacher suggested, in this spirit, that there could be a ‘non-assessed curriculum’ alongside the assessed one from the age of 16. The teacher said: ‘Kids do find science hard, but very few do not also find it interesting, given the chance. From 16, if you had a non-assessed curriculum, you could get some freedom back in what you taught: this module is about forensic science, for example, or that one is on DNA. It would be interesting.’
Depth versus breadth?
However, a maths teacher from a sixth form college was sceptical about any move to, as he saw it, potentially lessen the level of academic depth in what was taught in years 12 and 13. 
Considering the suggestion in this principle that maths, science, arts and the humanities be taught until 18, he said the danger was that the current depth of maths and science study available to those opting to study the subject post-16 would be sacrificed to breadth.
He said: ‘I get really nervous about this sort of stuff. It sounds like you want to water down the syllabus so more people can stick with science. 
‘I think you need different pathways: the people going to university need to be taught harder concepts. You do not want to start watering down the syllabus for the brightest. I want to put back some of the stuff from the old A-level and make it harder; not easier.
‘If you do what is suggested [in Principle 2], the advantage is that the majority of students who now lose maths and science do not lose it. But the disadvantage is that those who currently specialise in it will have it diluted. So you need two pathways, because you do not want to see your brightest short-changed.’
Discussion of Principle 3. ‘Assessment and accountability systems must recognise a broad set of qualities beyond subject knowledge’

As in all the seminars, the twin issues of assessment – including the contribution that technology might make to assessment – and accountability provoked much thought. There was also, again, some discussion as to the importance of teaching underlying skills as well as specific scientific knowledge.

Assessment, including technology

The participant from the Science Learning Centre said: ‘We need a notion of achievement which is much broader than at present. We see such pupils speaking about the Big Bang projects [the UK Young Scientists and Engineers Fair] for example, with such vigour and passion and that’s what we should be seeking from our young people.’
On technology, an academic with a maths and computer science background was sceptical about the notion that digital technology would become central to the way young people were assessed. 

‘I question that: I do not want my children assessed by computer’, he said. 
However, another teacher said: ‘Enormous progress has been made in developing machines which parse speech, so that it may be possible for students to be assessed by talking to a computer. That may make it possible to assess more easily than we have in the past.’
A secondary science teacher replied: ‘We might be able to get much more information from children in this way, but they do still need to write’. She added that technology was not always the unqualified boon that it sometimes seemed. She said: ‘You might think that technology might make my life easier. But attending to Excel spreadsheets and doing exam analysis gives me a lot more work than I used to have. Then there are emails, of course. How many people get fewer than 100 emails a day? Not many, I’d guess.’
Accountability

Detailed accounts were given as to how results-driven accountability can reach far into the day-to-day realities of classroom life. 
A head of department at a secondary school said that teachers potentially faced being held to account by their managers not just for the overall performance of pupils in GCSE and A-level exams, but for their performance on individual questions.
She said: ‘I talk to members of my staff about statistics following the exams. I analyse each teacher’s results. I can now analyse each question from each paper; I can work out which teacher was teaching what and [if I want to] I can now assign the blame. That’s the reality.’
Afterwards, this teacher said skilful managers would not be heavy-handed with this statistical information, but it was data analysis which was available to them from the exam boards. 

A primary teacher said performance appraisals were now heavily influenced by pupils’ academic results, with not much attention paid to the teacher’s personal development. She said: ‘We are set three targets for the end of the year. The first is related to pupil progress. The second relates to standards of teaching and learning across the phase. Only the third is related to CPD. Even if you seem to be developing and your teaching has been assessed as good, if your pupils are not hitting their targets, you are in trouble.’
Another teacher said that staff sometimes felt they had to give a child a higher teacher assessment level than were ‘worth’, because the teacher had to be able to show the pupil was making progress. 

Another primary teacher said: ‘We are too worried about young children having to hit certain standards. We are expected to get 80 per cent of pupils getting level four [in maths at Key Stage 2] and 25 per cent getting level five. My son left primary school having hit all those targets and found secondary school quite boring.’
There was some discussion of league tables, with one teacher probably speaking for many when she said simply ‘abolish all league tables’, while another said they ‘inevitably lead to [statistical] manipulation’ by schools. However, a secondary teacher countered that ‘we need league tables to judge schools’.
In terms of the detail of league tables and accountability, science has arguably become less prominent than English and maths in the thoughts of schools in recent years, following the creation of the five A*–C including English and maths measure some 7 years ago, while science is no longer subject to national tests at Key Stage 2, unlike English and maths. One teacher said: ‘Science is not classed as a core subject. It’s playing second fiddle to English and maths. It’s made it very difficult to keep its high profile.’
On Ofsted, a secondary teacher said: ‘I’m passionate about science education, but Ofsted criteria have stifled a lot of enthusiasm about science. When I started 11 years ago, inspectors assessed you on [a teacher’s ability to stimulate] awe and wonder. They do not do so now. There is a little box on subject knowledge and that’s it.’
Knowledge versus skills

There was some discussion, as in Cornwall, over the merits of emphasising underlying skills in science teaching, such as thinking analytically, rather than simply subject content, though one participant was sceptical about the notion of underlying skills which were not subject-specific.
An academic said: ‘Can I just question the idea of transferrable skills? I don’t think there’s anything called problem-solving as such, as it’s rather different in maths, say, compared to computer science or chemistry. I’m not sure it’s a transferrable skill of any sort.’
A teacher replied: ‘I do not think there is a discrete problem-solving skill that you can teach without subjects, but there are discrete skills which can become more than the sum of their parts.’#
Another teacher said that she was unafraid of saying to pupils, if asked a question to which she did not know the answer: ‘I will just have a quick Google and see’. Another participant responded: ‘But you still need to have knowledge; and without persistence in seeking out answers, you are going to struggle’.

Other themes

As in Cornwall, there was some discussion about primary teachers’ approaches to teaching maths and science; while there were also concerns about children repeating material as they progressed through school; and about policy development. 

Primary teaching

‘Teachers in primary take a more nurturing approach to developing pupils’ understanding, and I think that’s crucial’, ventured one primary teacher, to little disagreement from secondary attendees. 

Repetition

Another primary teacher said: ‘At secondary school, the pupils are switched off because they are repeating things: they say things like ‘we did that in year five. We find that because the primary curriculum is so packed, the children go on to repeat a lot of the work.’
However, this time there was some challenge from secondary colleagues. 

One said: ‘Content in maths has to be repeated [to reinforce concepts]. The challenge is to make it interesting by working on engaging tasks.’
Another said: ‘Very few primaries use Bunsen burners; many do not use microscopes. We are introducing many new skills at secondary. Our curriculum at Key Stage 3 covers levels five to seven. OK, at primary, pupils can also achieve level fives, but the skills taught and assessed are different.’
Policy development
An academic attending the session took aim at the current review of the National Curriculum in England, which has been subject to some criticism by scientific bodies including SCORE (Science Community Representing Education). This was conducted in-house at the Department for Education rather than through arms-length specialist development agencies, as has happened in the past. He said: ‘You cannot rewrite the curriculum in private, secret groups; you have to have a curriculum authority.’
