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IWA SCIENCE CONFERENCE

October 16th 2006

Thistle Hotel, Cardiff

Introduction -

Geraint Talfan Davies, Chair, IWA
Professor Tony Campbell of Cardiff University first persuaded the IWA to interest itself in science policy in our journal, Agenda, some five or six years ago – this was following a presentation that he made at the St. David’s Forum in May of that year and it is a theme that has regularly surfaced in our work, particularly perhaps in the work the IWA has done on the contribution of higher education to the economy, and under the influence of Professor Marc Clement of Swansea, and his successor as chairman of our Swansea branch, Professor John Tucker, in some of the events that our branches have organised particularly around specialised techniums.

Science policy is clearly on everyone’s agenda, although the IWA does not particularly take credit for that. In January 2007 the Assembly Government launched its consultation document on science policy for Wales, which led to a particularly robust response from Sir John Cadogan and more Fellows of the Royal Society that you can shake a stick at. The Assembly’s Enterprise Innovation and Networks Committee produced its own review of science policy in Wales, recommending, among other things, the creation of a new department in the Welsh Government, the Office of Science and Technology headed by a Chief Scientist and supported by the industry-led Science and Technology Advisory Council. 

Much of the debate centres on the high end of science investment but there is a need also to discuss at the other end of the spectrum science culture in our education system.   UK scientists have been complaining recently that the output of talented scientists is in worrying decline, while drug companies, too, have been warning of a manpower crisis. This comes at a time when a new science curriculum is being launched in England. Here in Wales, too, we are in the middle of a review of the National Curriculum which will provide us with an opportunity to address some of the same issues. 

It is crucially important for a small country, such as Wales, to tap into the experiences of others so it is useful we have contributions in this debate from Scotland’s Chief Scientist, Professor Anne Glover, Sir John Cadogan and Baroness Greenfield. Our warm thanks are due to all our partners – the Institute of Physics, the Royal Society of Chemistry, IT Wales, GE Healthcare, Nesta and the British Computer Society.  As well as being First Minister Rhodri Morgan is the Minister for Science. That in itself is a recognition that science cannot be confined to one Department of Government. It impacts on every single department, although the economic development and transport, and education departments have a very direct concern in determining the shape and financing of policy.

1.
The Assembly Government’s Approach to Science Policy – 

Rt. Hon Rhodri Morgan AM, First Minister and Minister for Science, National Assembly for Wales

In January 2007 we put out our consultation paper with a question mark on the end of it, A Science Policy for Wales?, and in the foreword I asked similar questions to those that you are considering today. What is the way ahead for science and society in Wales? Should Wales have a science policy despite it not being a devolved subject, and, if yes, what would a science policy look like? What’s the definition of such a policy? We were very pleased at the scale and quality of the responses. We received more than three hundred pages of responses from academics and special interest groups, science educators, and business organisations as well, (although it is fair to say we would have liked to hear more from the world of business).  I have had personal discussions with many, if not all, of our Vice Chancellors and Pro Vice Chancellors with responsibilities for research in our universities and listened very carefully to their views. 

The Consultation Paper put forward -  largely as an Aunt Sally - the arguments such as they are against having a science policy. These include the non devolved nature of science budgeting and science public sector research, and of  the Research Councils. The Technology Strategy Board is also non-devolved and the UK Government has its own 10 year Science and Innovation framework. All play their part in Wales as in England.   

Many of the responses disagreed strongly with my Aunt Sally but we will need to ensure that any science policy for Wales complements rather than contradicts UK and indeed European science policy. Wales is a small country with around 3 million people out of the 60 million residents of the UK.   Science by its nature, too, is not confined to the UK but is very much global through the Internet and its Super Janet and other academic big brothers.  How do small countries, therefore, cut the mustard in science and can Governments increase the size of the science cake by having a Science Policy, or do you just have to simply rely on luck, on departments winning big awards from research councils, or companies making decisions to locate in Wales as distinct from elsewhere in Britain, or California, or elsewhere in Europe?   

We know the pull of the so-called UK Oxford/Cambridge/London Golden Triangle is extremely strong both in public and private sector research allocation decisions. The big pharmaceutical and defence industry are multi-nationals and are located where there is a kind of agglomeration effect. That agglomeration is not going to change overnight.   Despite the huge cost savings that big R & D operations would achieve, if they did move, there is a fear of losing international high flyers, if you leave the area around the M25 close to Heathrow, London, Oxford, and Cambridge.

Faced with this position it might be argued that it is best simply to let our academic teams in our higher education institutions (HEIs) make their own way in the market – in other words participate in the severe competition for private and for Research Council funding.   We only have two public sector research establishments in Wales – there are at least seven in Scotland; IGER carrying out grassland research in Aberystwyth and the Centre for Ecology and Hydrology (CEH) in Bangor. It is most unlikely that any more will be set up, as they are not the likely subject of future Government decisions, and although the CEH has just had a new building IGER is under severe pressure. Both CEH and IGER need to form, and are forming, ever closer links with their adjoining universities in Aberystwyth and Bangor but they could probably only contribute to the formation of mini clusters rather than big critical mass arising from a combination of big university, big private sector and big public sector research establishment. As in the private sector, these have generally been concentrated in the Thames Valley and Eastern England rather than in Wales. Nevertheless, I was convinced in late 2005 when we were finalising the consultation document that there was merit in putting in place an over-arching strategy for science in Wales and for Wales.

We cannot compete in a globalising economy on low wage and production costs and that is the overwhelming reason why a science policy is right. The manufacturing power houses of the Far East and burgeoning service sector activity in India are a trend that is not going to go away. In Buenos Aires last year a Latin American intellectual said that by the year 2050 China would be the world’s factory, India would be the world’s office, Argentina would be the world’s farm, the US would be the world’s weapons and films producer, Brazil would be the world’s quarry and Europe would be the world’s old people’s home. If Europe is to have a future outside the old people’s home, we all have to play a part. Wales has to be part of that European alternative future to the old people’s home. Wales must have a knowledge economy but we also have to be two steps ahead because China and India also have major ambitions in the knowledge economy. Those new economic giants do not want to remain simply manufacturers of tennis rackets, or answering insurance claimants’ difficult calls through their call centre network.

Why have we not produced a science policy sooner?  We have been setting out strategies for science and research in Wales within a series of strategic documents over the last five years but they have not been linked together in a comprehensive over-arching science policy. For instance, Reaching Higher – the higher education strategy document - and All Wales for Innovation are just two documents that use science in the context of the specific portfolios of education and enterprise. We have to try to bring them together to show how they should be linked and we have to be able to set out our priorities overall in science, and to define the niche area where we believe we either do excel already or show signs of excelling and where with a bit more of a push we could achieve clusters, or critical mass, of more than Welsh significance, possibly more than British significance and possibly more than pan-European significance as well. We have to improve the speed of commercialisation of scientific discovery in our HE and other public sector institutions. And we also have to set out more clearly how we will supply our future knowledge economy workforce because if you are going to have a growing knowledge economy that is sustainable we need to have a plan to produce the scientists and researchers and technically-orientated manufacturers and service providers to fuel this future.

The consultation draft, A Science Policy for Wales?, was criticised in some of the responses for being too focused on the economic benefits that we might get from research into business and into products and services we sell, but with the contribution of business R & D in Wales being well below par you can understand why we have expressed concern over how best to increase business R & D at least until it reaches UK business R & D par level of 5 per cent instead of hovering around 2 per cent as it does.  Traditionally, Welsh business R & D has been linked with big companies, British Steel, or Corus – or a time ago British Nylon Spinners in Pontypool. The latter at one time had 650 people in its research and development department in Pontypool – they had fewer than that overall there  working in manufacturing. That huge R & D establishment closed in the 1980s  after ICI Fibres acquired its joint venture partner, Courtaulds’ stake in British Nylon Spinners. It was moved to ICI’s main research concentration in Harrogate. Port Talbot’s research department was closed down and  moved to Holland after British Steel merged with Royal Dutch Steel  to create Corus.   

Amersham International in Whitchurch saw the relocation of R of R & D to New Jersey after it was acquired by GE Healthcare but my understanding is that the D at least will remain in Cardiff. It is very commonly the case that after mergers, the smaller company gives up the previous R & D contribution that it made. As a result we have lost out time and time again in terms of private sector R & D in Wales and we do need to see what we can do to boost private sector R & D to at least double its present level.

We can point to areas where Wales is on the up and not the down, and where we are on the map and not off the map.   Nanotechnology, for example, with Swansea’s multidisciplinary Nano Centre and the work at Cardiff and Bangor, which gained some 30 per cent of the UK Micro Nano Technology Centre funding from the DTI as it then was.   The bio-luminescent work done by Professor Anthony Campbell from Cardiff University has been outstanding in the generation of huge income for, originally, the Medical School and more recently the merged university in Cardiff. The visualisation research under way in several of our universities with the spectacular new centre  under construction in Aberystwyth University is another example but it is the collaboration between different universities in Wales which is really putting Wales on the map.   

The £50 million investment in the new Institute of Life Sciences in Swansea is a remarkable public/private partnership using Objective 1 money in the most creative way possible to cause a breakthrough to occur. A big American Company, IBM, plus half a dozen agencies in the public sector, are going to be developing new intellectual property (IP) in Wales not assembling widgets and grommets but developing new IP. The Institute of Advanced Telecommunications Partnership with Motorola, again in Swansea, and again using Objective 1 funding offers the same potential. Wales has not previously had this kind of breakthrough whereby we have world famous hi-tech companies, such as IBM and Motorola, not manufacturing but developing their intellectual property in Wales.

The Technium Programme has shown a clean pair of heels to the rest of Britain and the rest of the world in getting R & D in SMEs really motoring and sometimes producing jobs at the top end of the medium sized company spectrum as well. The Technium in Bangor was instrumental in a deal that we were able to announce creating some 190 quality jobs in software. Strictly speaking it is not R & D but it is very, very innovative software.The Wales Gene Park shows every promise as well in developing Welsh expertise in stem cell research, which we hope will be significant not just at a Welsh but at a British if not an international level in the private and public sectors. Other examples are printing and coating in Swansea, engineering in Swansea and Cardiff where they are micro milling to six microns - the best in the world is five microns in Japan but we will soon be there, I am sure.   What we have to see is whether, and how, we can get critical mass and clusters of international significance.

Just as private sector R & D at 2 per cent remains well below the 5 per cent you would expect from Wales’ population, likewise our higher education establishments do not get anything like 5 per cent of Research Council income. It is not that their bids fail but they simply do not make enough bids. If only we knew what the trick was to say we are where we are, we know where we would like to be but how do we get from here to where we would like to be, with far more bids going in and the bids maintaining the same success to failure ratio as they do at present. We appear to be too shy of mounting the bids – we put the bids in, they tend to succeed on average the same as other universities – we just do not put enough bids in but it is not enough to say well, put more bids in, you have to be in a position to have a credible bid. Somehow we have to get our HEIs into a position where they will be able to make more bids and maintain the success ratio that they have. At the moment in Research Council funding southern universities are overweight, getting more than you would expect from their population share. Northern, Midlands, Welsh and Northern Ireland Universities do below their weight and Scottish Universities, like those of the south, get more than their weight. 

We must exploit the potential for building up our science and technology critical mass by getting an increase in our private sector business R & D and by enabling our HEIs to put in more bids and to maintain the success rate that they have  with far fewer bids.   Ultimately, we know that the costs of running universities, or private sector R & D set-ups, is far lower in Wales than it is in South East England but decision makers who govern where science is going to be carried out are fearful that they will not get the high flyers to come to Wales, or they will lose the high flyers that they have working for them in high cost areas of the South East.     

When Professor Lesheck Borisovich, with this wonderful Welsh name – a Cardiff boy and parents from Cardiff as well  - left the Medical School, where he was director of research a few years ago, to become Head of Imperial College Medical School I asked him why he was leaving. He said: “Well, just for once in his life he would like to be able to snap his fingers and have international high flyers land on his doorstep – even though he knew he would not be able to offer them the back-up of the 20 something, and 30 somethings, doing their Doctoral, or Post Doctoral Research, and the Junior Academic postings because of London’s house prices.   

If we in the UK want world class high flyers to be able lead teams of world class PhDs and Post Docs it is a lot easier to change the science image of Wales than it is to reduce London’s house prices and for London you can read Cambridge, probably Oxford as well, and most of the Golden Triangle as being fundamentally uneconomic areas in which to carry out scientific R & D, especially in the public sector but in the private sector as well, simply because house prices make it impossible. Science R & D in the private, or public, sector cannot compete with the wages paid in the financial services industry which is what is  setting house prices so high in London and the South East, where it is just simply not possible to be a 30-something who wants to continue in scientific R & D in public or private sector but also would not mind having a house and maybe a husband, or a wife, and children or whatever. That is not conceivable  in the Golden Triangle area unless you were lucky to have started twenty years ago before house prices were so ridiculous.

One of the other advantages that we have got in Wales that we have to use to persuade public and private sector decision makers is our lifestyle – the work life balance that we have, our rugged mountain scenery, our surfing beaches, our sailing, our para-gliding, our mountain biking, our white water rafting, our pony trekking. These are ideal to attract the 20- and 30- somethings of active brain and body on whom science, in the end, really depends. We have got to get that message across but we are working against a hundred years of the image that Wales is for coal mining, the Thames Valley is for scientific research and the Cambridge area is for scientific research and so on. Getting that message across into decision makers’ minds is not easy at all.

If you have a successful science policy it can up the level of scientific research in an area where you also have a policy interest - NHS and science for example is clearly a win-win area because you spend the money once but you get the benefits twice, essentially. You get the economic developments of having an increased critical mass in science but you also get the policy benefits of having the usefulness of the actual improvements available to you in Wales, and we know that the NHS is the UK’s unique selling point for pharmaceutical research to be carried out. 

In scientific R & D, we are providing as much funding - and paying equal attention to both R & D -  in terms of new products and process developments as we do to factories and sheds. Forty years ago when the Aberfan Disaster occurred, and when the big steel closures and coal mine closures were beginning, our ambitions were to clean-up the coal tips, to extrude vast quantities of sheds of different dimensions into which oily ragged factory activities could be placed above ground to replace the disappearing employment below ground. That was probably too unambitious a strategy but, given the speed with which the coal mines disappeared and later on steel works, it is understandable that an apparently dependable strategy should have been used that ignored the potential for trying to question whether manufacturing widgets for the 1970s and grommets for the 1980s, more widgets for the 1990s, and then grommets for the 2000s was the right way forward. We should have been  thinking where the next generation of products and services was going to come from and whether we should be trying to be involve ourselves in that process rather than having the hand-me-downs from R & D activities that took place in other parts of the world.

At a the monthly meeting of the Industrial Development Advisory Board, half a dozen or more of the significant projects, the ones that go to the Board, involving expenditure of more than £350,000 were to fund either new R & D establishments and associated buildings, or specific research programmes by existing companies. The board’s name, incidentally, is a misnomer  - it should be renamed the Welsh Industrial Development, Tourism, Research and Development Advisory Board because it is equally possible for a company in Objective 1 Wales, (which is three quarters  of Wales since Tier 2 areas qualify in the same way), to apply to do research and have part of the salary cost defrayed for that research, if it passes on other criteria.  We are not just talking factory development and widget and grommet plant investment but about Intellectual Property development being treated on a par with industrial projects in a way that has never happened before. 

We have learnt the lesson from being too grommet and widget obsessed and are trying instead to devise our own future. We will raise the consciousness of science from having more scientists and R & D experts, and technicians, and technologists and engineers working in Wales and will be able to break the psychology, which is very traditional in Wales, that those who do best in our universities, or those who do best in our schools and who go away to university will have to find jobs outside Wales. They will really believe that they can come back to Wales and get jobs which are comparable to the qualifications they have. Moreover, there will be fewer the jobs for which they will be over qualified, if they did seek to have jobs in Wales.

A recent survey by the Institute for Employment Studies, Welsh Graduates and Their Jobs did look at that issue.  For non-scientists there was no evidence at all of a net brain drain out of Wales and although the picture was more adverse for scientists, it is not that big and it is nothing like it used to be. Trying to make sure that we become a gathering point and a magnet for scientists rather than a producer, then a loser of the qualified scientists after completion of education, must, however, be one of our aims. In order to do that you have got to have the jobs for them, or the right fertile soil for them to grow their own jobs in their own R & D activities.

As regards the Science Policy for Wales Consultation Document, there are three broad areas we said we would want to be looking at, both for their economic benefit to Wales and their benefit in their own right.   The three were: health developments including public health and telemedicine and the links to the ageing society, and demographic change and epidemiology; secondly the evolution of the low carbon energy economy; and finally the enabling of sustainable economic and social renewal, utilising both natural and social sciences expertise. No-one actively disliked the choice of priorities, although natural scientists tend not to like social science emerging into the light in that third one. They all have the same driving force behind – where can a small country like Wales, and without the prime responsibility for spending public money in scientific research, develop significant clusters, or critical mass, of British-wide, European-wide, or global significance?   

How do we ensure that we do not waste a great deal of public money, spreading the butter so thinly across this, that and the other, that nobody notices it at all? We want to help to develop significant science and significant scientific R & D within Wales that people will notice, and it will be part of the transformation of the Welsh economy and of Welsh society because without science we cannot develop the knowledge economy, and science and the knowledge economy is the only form of economy that is going to enable Wales to cut the mustard over the next half century. That is why we remain totally committed to having a significant Science Policy for Wales.

Rhodri Morgan AM is First Minister and National Assembly Member for  Cardiff West.  A graduate of Oxford and Harvard universities, he worked for the Workers Education Association for two years in the early 1960s before being employed as a research officer for Cardiff City Council, the Welsh Office and the Department of the Environment, later becoming an economic adviser for the Department of Trade and Industry.  He was industrial development officer for South Glamorgan County Council and then head of the European Commission Office in Wales.  He was a Member of Parliament from 1987 to 2001.  During this time he was Chair of the House of Commons Select Committee on Public Administration and served as the opposition Front Bench spokesman on energy and Welsh Affairs.  He was appointed to the Privy Council in July 2000.
2. The Case for Science –

Professor Sir John Cadogan, former Head of the UK Science Research Councils
 I am going to confine my remarks entirely to the hard sciences including medical science and engineering, so when I talk about science I mean these three. I will not be referring to social studies, economics, or business studies (sometimes called business science).  I exclude these from the definition because the only scientific advance is one that is based on experiments, or calculations, which are repeatable anywhere in the world. Repeatablity rather than opinion is an essential requirement in science.

Scientists and engineers make things that people need. All social and economic progress in history is rooted in science and engineering. Where would we be without the wheel? (I do sometimes wonder, however, what the business analysts might have said at the time, when the wheel came forward. Perhaps “Well, do we need it? – we have lots of elephants and people, and slaves, do we really need the wheel – and what about the danger?”. This being a good example of that horrible oxymoron “the precautionary principle” much loved by  technophobes.  

Without a world class science and engineering base, wherever it is, economic progress will not occur, but will go into reverse, and as far as we are concerned in Wales new hi-tech businesses will not start-up. Crucially, big, established hi-tech industry will not wish to relocate here.  We have the frightening statistic that Tesco is the biggest private employer in Wales with 17000 staff.  This is what Ireland has recognised.   The Irish have put huge sums of money into science and the purpose is not to bring in factories. They do not want “screwdriver” operations only, they want the research capacity, and they want it to be in Dublin, or Cork, rather than Cambridge or wherever.   Most importantly, it is working.

We hear much about innovation but there is far too much confusion between innovation and invention.   Invention is discovering new phenomena, new systems or theories. Innovation is applying these new things, and old things, too, successfully in the market place.   The platinum mousetrap is a great invention but innovation it is not. Any university spin-out really needs to have a director associated with the marketplace and this is very rare in an academic. Our masters have to remember that it is not enough to have a bright idea in university and leave the rest to be solved elsewhere. We have to be connected to the marketplace. Without an excellent science base, aware of what is going on in the real world, there really can be no innovation.   Importantly this applies not only to start-up companies but to the big boys too.  They need people in the Universities to be discovering things that no one knew were there to be discovered.

Another lesson of history is that all the really big, big break-out discoveries that have changed the world have come from undirected research, research that has not been predicated by some committee or other.   No minister, civil servant, committee, or board of directors has ever made a discovery.   Discoveries are made in the labs but these must be very well equipped and the people must be the best.   For example, for years the laser was a solution looking for a problem – optic fibres were the same as were nuclear fission, antibiotics, small molecule therapy, semi-conductors, organic polymer, DNA, the ozone hole,  the first time by the way that finding nothing has had a huge significance on humankind.

Another whose time has yet to come is the warm superconductors – a tremendous breakthrough was made by the IBM Lab in Zurich, for which they received a Nobel Prize. They were working away with these materials - inorganic chemical materials – which turned to superconduct at relatively high temperatures.   Superconductor physicists had said warm superconductivity is impossible above 4k but these guys in Zurich  had not read the books. They went out and discovered this material, which means we can get tremendous amount of electricity moving around without  resistance.   If we can get that properly applied by making warm superconductors as convenient as copper wire the energy problem will disappear. Immense possibilities open up but to achieve this we need a break-out in the fundamentals of materials, which brings me to an important point that seems to have escaped policy makers. To say that national priorities are health, energy, low carbon economy, sustainability, the environment is not a science policy.  We have strongly criticised WAG’s supposed Science Policy previously  (Agenda, Spring Edition 2006).   These topics are not disciplines.  Success in these fields can only come by having excellent underpinning scientific disciplines in our universities. These disciplines include  chemical kinetics, molecular biology, physiology, nuclear engineering, optoelectronics, electrochemistry, chemical catalysis, organic syntheses and so on. If these disciplines are not packed with excellent people, with excellent equipment, we will just be left with a meaningless wish list.

We must have no nonsense either about so-called inter-disciplinary subjects, beloved by some administrators, who say it is old fashioned to think of disciplines such as physics and chemistry. To solve immensely complex problems, as any industrialist will tell you, needs a multi-disciplinary team of specialists trained in the traditional established disciplines working together. They have to have peripheral vision but they must be schooled in these disciplines. This meaningless word inter-disciplinary means being exposed to a little of chemistry, a little bit of geography, a little bit of psychology, a little bit of biology, a little bit of maths if you are very lucky. These people have no value in tackling the big problems, though they have a lot of value elsewhere. Indeed, it is tremendously important that more and more people do have a broad backing in the scientific disciplines, particularly in Government. I would not want to say that 21 of the 25 Cabinet Members should have PhDs in electronics but I would not mind if there were one.   

We must not be too prescriptive.  Short-term targets must be avoided.   Our masters are very keen on wind turbines. It would be a short step, for example, to encourage scientists and engineers to put effort into turbine research but there is a negligible chance of a new discovery that will transform their already extraordinary poor efficiency, unreliability and productivity in anti-carbon terms.   It is like wishing for a breakthrough in the technology of the electric toaster. On the other hand there are possibilities for new discoveries in solid state chemistry and physics which are needed for photovoltaic power to take off. We have some excellent work going on in Bangor in this respect.

Let us take two examples of the way to technico-economic success.  Strategic research in chemistry, particularly By Dr Gray at Hull, led to the discovery of liquid crystals. They were then thought to be of purely an academic interest. Indeed, the Research Council at the time turned it down but fortunately the Ministry of Defence looked at it and it turned out to be groundbreaking work leading to liquid crystal technology now familiar to the man in the street.  Outside the UK  strategic work was going on into physics and chemistry of the solid state, leading to the transistor. 

The transistor  did not happen in the UK because we were over committed at the time in big physics – it was done in America and Japan and out of this, with liquid crystals, eventually came flat screen television.   Science plus engineering equals technology.  No minister, civil servant, no board of directors, no committee said, “flat screen television is important for the nation – go away and invent it”. If they had, they would probably have gone out trying to improve cathode-ray tubes.   

This is exactly what happened in computers. The first computers were huge and based on thermionic valves.   When I was a student, a long time ago, I used to work overnight on a Sunday in the GEC Labs in London where they had this then unbelievable computer which was making calculations  much faster but it was enormous, it was certainly in a bigger room than this and it was so hot in there. We were stripped to the waist with just football shorts and losing weight through the night.    The valves gave out massive amounts of heat so all research to produce a better computer was directed at getting better valves. That’s what happens when people top-down it.   “There will be a need for four or five super computers in the world”, said the head of IBM “and they will weigh no more than a ton”.   

Meanwhile elsewhere the transistor, the micro-processor was being invented by people who did not have in mind super computers at the start. In both of these cases, specialist scientists and engineers with peripheral vision saw the opportunities for really new technologies arising out of their hitherto unforeseen discoveries.  That is very important, and very difficult for some people to understand, if they are not inside the scientific community.   It’s like trying to understand Tolstoy written in Russian, if you do not speak Russian.   Which is why government must have outstanding scientific advice at its elbow to provide policies based on evidence not dreaming up policies without evidence as is happening now.

The research director of one of the greatest pharmaceutical companies in the world told me not so long ago: “We do not much care what the university research departments do, as long as they are producing excellent young researchers trained by experienced and original people working in fields of strategic interest to us. We will produce the drugs but universities should produce the basic discoveries in chemistry, pharmacology, immunology, and so on which we do not even know are there to be discovered. Most of all we want to be close to those people”.   

This fundamental approach is extremely difficult for politicians and civil servants to accept.    It means trusting the scientists, abandoning targets and forgetting about results within a timescale of an election.   It means moving from top down control to bottom up invention. Too often, to these people, planned invention is very attractive but planned invention is absolutely impossible.  As has been pointed out by the Nobel Laureate, George Porter,  there are two types of chemistry, applied and yet to be applied.

So science policy must be focused by the Assembly Government on how to generate lots of world class hard science and engineering in the universities, bearing in mind the almost complete absence of Government research institutes in Wales.   This means cash and convincing the scientific world that the Government culture in Wales is comfortable with science.  That’s what science policy must be about – not top down “ go and invent a better windmill”

How are we doing? There is a big scientific and engineering deficit in Wales. The Research Assessment exercise, an assessment of all UK Universities, which is carried out under the auspice of HEFCE and HEFCW shows this. World class means a five star – we have 45 Departments in Wales which qualify as science, engineering and medical departments which are entered for this competition and we have only 5 five stars –and two of those are in psychology -  10 fives and 4 tens out of 45. Bristol alone, just across the water, with just 25 Departments has got 10 five stars, 8 fives and 3 fours, and that is a very uncomfortable  fact.

There has been an analysis carried out recently on the regional allocation of health research funding, i.e. competitive health research funding, across the United Kingdom and this is where the money has gone:  South East England – 50  per cent;  Scotland – 13 per cent;  South West England – 2.8 per cent;  Wales – 1.6 per cent. Then we break it down into where they are, Cardiff is down the bottom there with 1.4 per cent, and only beaten to bottom place by Belfast  with 1.2 per cent.   So we have another deficit.

It is inescapable that this deficit is a direct result of the Welsh Assembly Government’s policy, following on from the Welsh Office before it, of persistent under-funding of the university scientific Infrastructure in Wales.   

Over the four year period since 2002 University funding in Wales has gone up 9 per cent, England 23 per cent, Scotland 14 per cent. This deficit is calculated on a base which is much lower in Wales than elsewhere.  This funding gap is quite significant and it is getting bigger, or if you want to put it into another way, Wales is the lowest - the gap is getting worse.   Scotland invests 20 per cent more per student and Welsh costs are higher.  HEFCW also said there is a funding gap between England and Wales, with the Welsh sector receiving a significantly lower amount to grant aid. Capital grants in England are steadily increasing, while those in Wales are being broadly static.   The message is quite clear.   There is a gap, we are falling behind and it is getting worse.

Ireland is off scale. In 2007 they announced €2.8 billion over ten years for infra-structure and research in Ireland, and it is directed entirely to boosting the place as an excellent scientific and engineering centre where big industry will relocate. For example, Viagra, one of Pfizer’s blockbuster products,  was invented in the South-East of England but is made in Cork.   The Irish want Pfizer to think it is better to put its research institute in Cork than in Kent and they are doing it by pumping money in and attracting people.   This has led to a major optoelectronic group moving lock stock and barrel from England to Cork. When I was involved with them we were trying to decide how to spend some of this money and my advice was – do not have too many committees and be prepared to spend it in big lumps - €25 million a time – because we have a tendency in this country – not just Wales – to spread out the money -a little bit here, little bit there, cut people back. 

We await the latest and long overdue figures from WAG  on the funding gap.  I am not optimistic.  When the latest figures are published, it will be in my view an extraordinary and really welcome surprise if the funding gap gets better.

 It is extraordinary that researchers in Wales are doing as well as they are.  There is real potential, and real centres of excellence are coming along, but poor funding is holding them back – and here’s the double whammy. Future research in Wales is under a threat as a result of a decision of the last Comprehensive Review. Instead of putting extra money into the hands of the universities, Gordon Brown has decided he wants to put it into the hands of the researchers, because he does not know where it is going to go if the Universities control it.   It has been put into the hands of the Research Councils with the result  that every successful research grant that is awarded will attract up an 80 per cent overhead to meet the extra costs of research. This is extra money which will go only to those vice chancellors whose researchers are successful in research council competition

If the  funding of  the infrastructure is relatively poor, as in Wales, it means that it is going to be more difficult to recruit and retain the best staff.   Contrary to what the First minister has said here today, front line leading researchers will not come to Wales just because we have wonderful beaches and mountains. Indeed It can be argued that that is not the motivation we need. They will follow the resources It is very expensive to equip and staff at the highest level so therefore there will be a lower chance of our people in the universities getting success, less money will come in from the research councils.   It will go to researchers elsewhere. This has not been spotted yet, but this big lift in the research council budget will hurt us unless our scientist are given an even playing field by the assembly government. Be aware that the new money is not money for more science but more money for science and  only to those who are successful.

On the question of success by scientists in Wales let me deal with the canard that we are not getting our fair share of research council money.   Relative size of the Welsh population is irrelevant in the research competition.  The only population that counts is the population of outstanding scientists and that is a direct function of how much underpinning support is provided by the assembly government.

What should be done?   We need a significant increase of funding for hard science which must be sustained.  We need a change of culture to embrace the vital importance of science and engineering. We need a science policy-making function. We have a designated Minister of Culture but there is no apparent champion for science, The words science and research do not appear in the portfolios of any Cabinet Minister, including the First Minister, or any of their advisers, at least it did not appear on the website last Wednesday.   All Cabinet Ministers, all special advisers, come from non-technical backgrounds. The Consultation Paper on Science Policy, and the need for a science policy, came from the Enterprise and Industry Minister but all the money for research is in the hands of the Learning and Skills Minister, who has so far been silent.

Finally, we must have an Independent Chief Scientific Adviser, and this Chief Scientific Adviser must have a superb track record in research in the hard sciences, brought in for a five year period, and most importantly appointed under Nolan Procedures.   It will not do to put a civil servant, a business studies guru or emphatically not a social ”scientist” into the job. It was good to see that the Assembly Enterprise Innovation and Networks Committee thinks this way too.

If we must have an advisory committee let it be composed mainly of Internationally renowned Welsh scientists and some businessmen who are located outside Wales.  Such people will not have an axe to grind and will not be in thrall to the authorities. In the Research Councils after the seminal White Paper “ Realising Our Potential” some giants of industry were inserted  there and, interestingly, they were all long termers. They said: “We will solve the problems – you give us the tools to do it.”

There are plenty of these distinguished Welsh people outside Wales, let us use them.

POSTSCRIPT

Since this talk was given there have been some developments.

The recommendation by the all party committee in Cardiff Bay that there should be a Chief Scientific Advisor was rejected by WAG on the grounds that it is unnecessary, there being ample scientific advice already including the fact that there are many officials with scientific qualifications ( a statement greeted with hilarity among practising scientists).  Also HEFCW is quoted as providing a role in strategic delivery of science research in Wales which was news to HEFCW.  The first Minister also said he was taking advice from the UK CSA, but obviously not on the matters of nuclear power or GM crops.

Subsequently, however, the First Minister announced the part time short term appointment of a “Pathfinder” to Advise WAG on scientific issues and particularly whether there should be a CSA.  This is welcome news.  Also the first Minister has formally proclaimed himself as the Minister for Science.   But he has also said that he regards Social Studies as a Science.  Let us hope that does not mean that he envisages a social studies person as CSA.

The bad news is, as predicted, that the seriously damaging funding gap between the rest of the UK is getting worse and worse as evidenced by the latest figures released by HEFCW.    The overall budget has been increased by 3.92% over last year.  This is in money of the day  which, when corrected for inflation, means almost level funding while the rest of the UK has gone up.  Bearing mind that inflation in Science is much higher than the RPI -    Science inflation is not related to price of a packet of fags.- it is clear that there is now a deficit compared with England on a like for like basis of at least £50 million.  Worse, this is per annum, so the cumulative loss to the Welsh universities, already shackled by the fees issue, is at least £200m. Couple this with little publicised fact that student applications to the Welsh Universities are down then it is a fair conclusion that Wales is now in the slow lane with regard to Higher Education and that means Science, while close University neighbours over the border are getting richer and richer. The retiring chairman of  HEFCW has said that in two years the damage will be beyond recovery. Of course, even if the money is found it will be up to HEFCW to see to it that Science will get a bigger share of the cake, as HEFCE has done, but HEFCW has yet to follow suit.

My schoolmaster constantly told us that all we have in Wales are brains and coal.   The coal is gone so let us make up for it in brains before it is too late.

John Cadogan had a good start at Swansea Grammar School before going on to study at King's College London.  He subsequently became Professor of Chemistry at St Andrews and then Edinburgh Universities for 17 years before Joining BP as Director of  Research, where he was also a Director of several BP Business Stream Boards and chief executive of BP Ventures.  Sir John was then the first director general of the UK  Research Councils, followed by Science Policy Adviser to the Science  Foundation Ireland.  He is now chairman of a start-up company, Fusion Antibodies  Ltd, following his chairmanship of DNA Research Innovations fruitfully acquired by the Invitrogen Corporation recently.

3.
Science in the Welsh Economy - 


Dr Grahame Guilford, Director of Manufacturing at GE Healthcare
Science in the Welsh Economy 

No economy, and particularly no knowledge economy, can exist in isolation.   Science is a universal activity, science takes place internationally, businesses in particular will draw on science expertise wherever they find it, wherever the best science is to be found. Universities themselves, of course, are major examples of collaboration.   So, when we are talking about the knowledge economy in Wales, when we are talking about science in Wales, we have to strike a fine balance between providing Wales with the ability to contribute to, and draw from, that international science universe and at the same time offer something to it that is unique, not necessarily characteristically Welsh, but unique to Wales in terms of the contribution that it can make. The balance between being able to draw on and contribute to that international universe, as well as developing the appropriate critical mass in Wales to contribute effectively to it, is what we have to talk about when we are talking about science policy.   Sometimes there is a focus on building an asset base in Wales as the primary driver of science policy. It needs really to be both.

A study by the European Commission four or five years ago of the top ten cities in Europe measured by GDP per head, (or as we tend to call it these days, GVA) placed Frankfurt at the top at the time on about €75,000. At that time London was about €35,000 and Cardiff about €28,000, but the numbers are not really the issue. These were regions where a whole variety of activities had built critical mass based around science and technology and this was held to be fuelling their economic growth and their appearance in the GDP League Table.    There a link between innovation, science and prosperity and this is what we should be trying to achieve for Wales.

So how well equipped is Wales to contribute? Historically, Wales has been a low cost manufacturing environment. We have the traditional industries, which were replaced in the 1970s and 1980s by the assembly industries. Historically, Wales has also been heavily dominated by the public sector. So the DTI (now the Department of Business, Enterprise and Regulatory Reform) is saying Wales has a mountain to climb in comparable international terms to evolve as a competitive and inclusive 21st century knowledge economy.   Furthermore, where the knowledge economy does exist in Wales at the moment it is to be found very much in the public sector.

The DTI goes on to talk about what may be some of the solutions for Wales going forward.   The business knowledge economy is almost exclusively concentrated in the south  -  the M4 Corridor from the Severn Bridge out to Swansea. The DTI’s view  is that the future of Wales as a knowledge economy depends to a great extent on the successful emergence of its leading city region, Cardiff.

From a business perspective these are very easy messages to absorb and to promulgate. Business has to concentrate on its primary assets, what it is  best at, and make the most of that. Politically, that is not always such an easy message to get across. Cardiff has a lot, should it get more? Economics, however, will tell you that that is  the way to prosperity. I drive in from Bridgend to Cardiff every morning and there is a graphic demonstration just in terms of the volume of traffic of how economic prosperity is spreading out from Cardiff.  The problem is it takes time.

This again is really exemplifying in another way a point that has already been made. Data from the Office for National Statistics, for R & D performed within business in 2003 looking across the regions of the UK showed Wales was the lowest. If we set Wales as one - the actual figure was round about £250 million in 2003 –  Scotland had twice that amount, East Midlands four times, South East England 14 times. Total investment in R & D in Wales is up to something like £440 million and the relativities really do not change very much.

Qualifications are another useful measure and again tell us much about the dominant representation of the public sector in the knowledge economy in Wales. In Wales in 2003, 36.3 per cent of those in employment by qualification were in the K1 Graduate Sector.   That is about the average for the UK  as were the 41.2 per cent in K4 (no qualifications). If you look  at the private sector only 18 per cent of those employed in the private sector were in the K1 status, that is very, very much below the UK average.   The 61.6 per cent in K4 is again above the UK average, so this just really represents the historical position that we all know Wales is in. If we look at the patterns of employment in Wales - the tourism sector, agriculture, assembly industries - it is not surprising that we find higher representation in K4 but clearly there is a skills gap there which we need to bridge if we are going to equip ourselves to compete in the knowledge economy effectively.
Some of the data shown has been from two, three, four years ago and even in that time things have changed in Wales. We have seen a long period of Objective 1 funding, the benefit of which is going to take a while to come through, we have seen a lot of activity in the university sector, some of which has already been referred to today.   Much needs to change, if Wales is going to contribute and compete as effectively as we want it to.  There are four areas that need to be discussed in terms of things that Wales is doing, what Wales needs to do, and the role that the various stakeholders can play in that knowledge economy future for Wales.  These are: how science is perceived, which is an often ignored but a very important part of this overall equation; education and skills (again very crucial); the role of higher education - Wales has a very significant higher education sector which can play a very significant role in economic development; and the role of business itself, which is also obviously very important.

In terms of the perception of science, everyone can relate to the areas where science is unarguably good.   Medicine is probably the first thing that comes to mind. We have the ability to perform diagnostic procedures that would have been unimaginable only a very small number of years ago, and everyone can agree science is good in this instance, enabling us to look inside our bodies  and to see all sorts of things that would have been very difficult not long ago.

But equally science can be perceived as bad. Science gives us pollution, scientists put E numbers in our food and nitrates in our water supply, they give our kids asthma and eczema, and a whole lot of things that are perceived as not good. The new school science syllabus attracted a lot of criticism in some areas when it was launched recently but was defended by its proponents in terms of trying to increase scientific literacy in the non-scientific population. This lack of knowledge is one of the big problems that we have in relation to how science is perceived. We do not have a very informed debate, certainly if you compare us with some of the countries in Europe, about scientific and ethical issues yet science  is going into areas where ethics is inextricably linked and we do need to have that debate.

There is a lack of awareness of science, and  no concept of risk assessment. There is talk about risks and risk assessment in the media but without a great deal of understanding of what that really means. What this leads to is an ambivalence about science, and both in the media and in the political communities there is an uncertainty about whether it is right to be seen to be endorsing science. There is always a caveat with science - science is good but we have to take account of the weaker elements.  And with that ambivalence comes a perception that if science is bad then scientists are bad – it is interesting how often you see a “scientist” in the media presented as a defender of the status quo.You will perhaps have a committed, attractive young activist pushing some particular view and the old gnarled scientist defending the traditional position, and because of the lack of information sometimes in the debate an opinion presented is given equal weight to a statement based on scientific evidence.

Why that is serious from our point of view, and serious in terms of establishing a solid science base in Wales, is that if science is perceived as bad and you are a teenager going through school you do not want to be a “bad” person. We see a lack of students going into science, not so much in school but particularly in universities, perhaps because of the lack of scientific role models that kids of that age might  aspire to become and who might make them think,   “I want to do that, I want to be a scientist”.    

Education is undoubtedly a key element in this area on two counts.   Education can correct some of the perception issues, if science is presented appropriately and interestingly, and excitingly, in the school environment. Education can clearly also help to fill the skills gap which does still exist in Wales. Businesses consistently refer to their inability to recruit suitably qualified people, particularly into some of the more technical environments.   Companies sometimes have to retrain people when they have come out of schools, even in basic literacy, so there is undoubtedly a need for education to improve in those areas, and although things are happening the pace of change is  probably too slow  in Wales as a whole.   

I am chairman of governors in one of the comprehensive schools in Cardiff that serves a reasonably affluent area of Cardiff and you find in the A-Level groups that there are large numbers of students studying the hard sciences – chemistry and physics – certainly into the twenties and very often into the thirties in those groups. But only two or three will go to university to study those subjects and it is perhaps two or three, so chemistry and physics at A-Level is used as a basis for studying medicine and studying psychology and IT perhaps -  the nice sciences. To children and their parents sciences are perceived very often as difficult – if you want to get your nine A stars at GCSE and A Levels, science is perceived as hard in comparison with some of the other subjects that you can study.

Business can play a part. The lack of ability to participate in hands on science in schools undoubtedly does not help. On our site we have  built a science laboratory specifically aimed at primary school children. We get groups in from primary schools and they carry out experiments related to the National Curriculum in the little laboratory. What they tell us afterwards they like best is dressing up in lab coats and glasses. It makes them feel like scientists for a day – they go home, they talk about it and maybe something sticks in their mind that this is something they might like to do in the future.   So sometimes there are very simple things like that that we can do to get over some of the problems that schools have.   We have a lot of resources that we lend to schools to help them to do some of the things that they cannot easily do themselves.

The higher education sector is very important to Wales in economic development.  Much of the science that is  being done in Wales is being done in the university sector and we need to make sure we are capitalising on that in the best way that we can, and this is one area where a lot has happened in the last two or three years that gives a lot of encouragement for the future. In Cardiff University for example the excellent work that was started by Dr. Brian Smith, in terms of technology transfer and reaching out to businesses, is being continued, and has produced a lot of excellent results. The Manufacturing Engineering Centre (MEC) is an award-winning international R&D centre of excellence for advanced manufacturing and IT, working with partners in 22 countries, and collaborates very widely  with small businesses in Wales. The Institute of Life Sciences in Swansea is a tremendous example of a) critical mass; and b) public/private Objective 1 money going in. Already there are indications that within Swansea this is attracting other small companies to co-locate and to get close by.

Critical mass is very important in the right areas. Cardiff is beginning to develop expertise in stem cell research, for example, that has attracted some UK funding. There you may have a resource that can begin to build into something that will enable us to play on the world stage. The Technium structure is something that is unique to Wales, involving the universities and spin-outs from universities. These are things that offer some encouragement but we have to keep reminding ourselves that while it is good that we have Objective 1 funding we must not forget the reason that we have it.

Through the South-East Wales Economic Forum we are  engaged in a project looking at how the higher education sector can contribute to economic development in South-East Wales in particular and this group is due to make some recommendations to the Assembly Government by the end of this year. One area that we are particularly looking at in terms of how this economic development role can be played, is universities as international businesses. Universities have very, very important roles in teaching, research and their third mission activities but they are huge economic units particularly in an area the size of South-East Wales. Their contribution to the economy as businesses, as economic entities, is enormous and should not be overlooked and should be maximised where we can. They also compete as international businesses.  The key thing in South-East Wales for the university sector is not to see one university as the same as another. Each of the universities in South-East Wales has a particular contribution to make both locally and internationally, and that differentiation is important.   

We are looking, secondly, at how universities contribute in knowledge transfer –   we have to accept that in the UK as a whole we are not geared up to do this as well as US institutions, for example, and there are cultural and historical issues as well as some of the logistical issues of funding and how universities manage their spin-outs and interact with venture capitalists. But some of the cultural issues are very important. If as an academic in the US you are not engaged in three or four spin-outs it is considered a bit odd. It is almost the other way round here.

Thirdly, we are looking at customer relationships and how universities market themselves and so on, which is perhaps not quite so relevant to this particular group but we are maybe not maximising the contribution that our higher education sector can make in terms of economic development links with business. At the moment there are some good things happening but we need to work on making more of that and doing more.

Finally, the role of business. There are not many people from business here and  it is probably true to say that these kinds of sessions are probably not the sort that business engage in as much as would be nice to see. Business clearly does have a role to play here and it is not an entirely altruistic role. Business benefits if the environment for business and for economic development improves in Wales. Even when we were Amersham [before the acquisition by GE Healthcare] we competed internationally for investment in our Cardiff facility,  and now as part of GE we compete even more so for investment in this facility.   

GE can put its manufacturing work in Cardiff, or it can put it in a number of other places, it can put its new product development in Cardiff, or in other places. We want to put it in Cardiff as much as possible and part of doing that is having an attractive business environment, a supportive business environment in South Wales, and an economy that is clearly growing and is going to attract the quality and calibre of people that we want to employ. So business can benefit from contributing to the development of the Welsh environment for business. 

A lot of Welsh school children have gone and studied elsewhere and maybe not come back to Wales straightaway. Many of those people undoubtedly want to come back at some point, if the opportunity should arise. When we advertise for PhD and post doctoral chemists and biochemists probably about half the applicants are from Welsh people currently living outside Wales who want the opportunity to move back.   Of all the facilities that Amersham had this was the most difficult to persuade those who were not Welsh but who had located to our facility in Wales to move away from. The environment here is very attractive for families; it is very attractive for leisure activities as well as working and that is not well appreciated outside Wales. We do have a lot to offer in terms of attracting the right calibre of people in, and every contribution so far in one way or another has emphasised the importance of being able to recruit and retain the right calibre of people if you are going to develop, whether it be university research, or industrial research, or any of those sorts of activities. So businesses need to be seen to be playing an even greater role in the enhancement of that business environment.

Grahame Guilford is an organic chemist by training.  He has a PhD from Nottingham University and after a period of post doctoral research joined Amersham plc, as it then was.  He has worked in research and development, marketing, sales and general management roles and, following the acquisition of Amersham by GE in April 2004, now leads the manufacturing operation at GE Healthcare's site in Whitchurch, Cardiff.  This is an operation employing around 200 scientists manufacturing a range of life science consumables with an annual sales turnover of £100m.  Customers for these products are found in universities and hospitals worldwide and are engaged in fundamental research on the molecular mechanisms of disease.
4.
Scotland’s Science Policy -


Professor Anne Glover, Chief Scientific Adviser for Scotland
The new position of Chief Scientific Adviser was announced in May 2007. This is a four year appointment starting in May 2007, and I am engaged at the Scottish Executive in Edinburgh for three days a week, and for the rest of the time I continue my own research at Aberdeen University. I hope that gives me credibility with the scientific community and also helps me keep my feet firmly on the ground. There is a good news and a bad news story here. It is bad because nobody has done it before so there is not any template and you have to do lots of new things. It is also very good being able to write your own script and that is what we are hoping to do.

In the Scottish Executive we have a number of departments that cover, among other things, environment, justice, health, culture and sport, education and enterprise. My office sits underneath the office of the Permanent Secretary, which deals with corporate and strategic issues within the Executive so it is  a very good home for me, it is a very good neutral ground to be in, and it also gives me a very strong mandate from the centre to be able to spin-out scientific influence throughout the Executive from essentially a neutral background, not from a Department that is seen to own science in some way.   

That is important because, if I have an aspiration it would be that within Government in Scotland over the next year, or two, every single Department, when faced with a challenge or an issue, should be able to ask how science feeds into this; how science provides solutions for me; whether science has any innovative things that I might be considering within that scenario. To do that it is very useful to be seen as under the office of the Permanent Secretary.   I report directly to the Permanent Secretary but also to our First Minister and our Deputy First Minister, who also happens to be our Science Minister.

In Scotland we have twenty-one higher education institutes, and within that HEI bracket we have got the universities, a number of other independent institutes such as the public sector research establishments and so on.  Our ancient universities - Aberdeen, Edinburgh, Glasgow and St. Andrews - date back to the 15th and 16th centuries and this is a great source of pride. 

We have four other universities -  Dundee, Strathclyde, Heriot-Watt and Stirling, which achieved university status in the 1960s, and the newest group, Glasgow Caledonian, Paisley, Napier, Robert Gordon and Abertay, which achieved that status in the 1990s. So we have a strong heritage of education and science, and that is part of Scotland’s cultural heritage. People really value education in Scotland across the social classes, so it is something that we take pride in.

Our oldest universities are very well recognised for their research and development credentials, although the newer ones, Dundee, for example, has a worldwide reputation in the life sciences and bio-medical area, while Strathclyde and Heriot-Watt are renowned for their expertise in engineering, Stirling for social research, and Glasgow Caledonian for public health. Last but not least, Abertay is also developing a very strong computing cluster. So the universities all have their particular strengths.

In addition to our HEIs, of course, we have the Scottish Executive, Environment and Rural Affairs Department, which sponsors a number of research institutes and our Chief Scientific Officer in the Health Departments also sponsors a number of institutes or agencies, such as the Wellcome Clinical Investigation Centre at the Western General Hospital. Scottish-sponsored research institutes look at animal health, human health and nutrition, and plant health and crop science - so a reasonably broad based science background.

We also have a number of United Kingdom Research Council funded centres in Scotland, one of which, the Roslyn Institute, is best known for Dolly the Sheep. So, we have a very broad base of science and, as has already been pointed out, we have a huge amount of research funding, never enough of course but we are very well served for research funding.   The Research Councils – we probably get about 12 or 13 per cent of the Research Council funding spending in the UK in Scotland, and we have 9 per cent of the population.

In terms of major initiatives supported by research charities, Wellcome and the like, we receive around about 20 per cent of the total UK funding. We are doing very well but we have to guard against complacency. We need to move forward because if you stand still you end up being overtaken. We need to address what we should do better. If you look at the success of our major institutes and our universities on a worldwide scale, we have three in the top one hundred in Scotland, but we need to push, and push, and push to make sure that our universities are cutting edge and essentially right at the forefront of scientific research. Science is international and we need to judge ourselves against international yardsticks and  our universities in terms of the top hundred.

The Scottish Executive does have a science strategy so how does the Scottish Executive, and indeed the Scottish Government develop their role or see their role in maintaining and developing the science space?   Our science strategy was published in 2001, and set out Ministers’ vision for a broad based strategy for Scotland. There are a large number of scientists who also work within the Executive, for example in environment and rural affairs, and many of these scientists are producing science which is policy relevant to allow scientific evidence to inform policy making.

We have devolved powers in education, health and prisons, which used to be of course the remit of Westminster. The reserved powers are those which are mostly about UK areas with international impact, for example security, pensions, energy and so on. If we look at funding for science in Scotland, the Scottish Executive Ministers are responsible for funding our Scottish Funding Council so that is our equivalent body to the Higher Education Funding Council for Wales. The Scottish Funding Council has put in place a number of initiatives, which have helped enormously in being able to energise our science base in Scotland.

Recently, a report was published on how well the aims of the science strategy were being met. This is very important because there is no point in having a strategy if you cannot measure what the outputs are. The report noted that, broadly speaking, the science and research base was evolving towards something which was very much more collaborative. It found collaboration between the Scottish Funding Council, Scottish Enterprise, Highlands and Islands Enterprise, business companies and the Scottish Executive and the HEIs, with everyone working together in order to be able to drive the energy within the science base.

A key question is how to strike the right balance between innovative science at the research level and seeing that knowledge being used in our economy, in other words knowledge transfer, or knowledge exchange. Is the balance right between pure and applied science and research? Are we supporting both of them enough? Do we need to change the balance?

One interesting initiative we have in Scotland is intermediary technology institutes. They receive a good deal of funding – around £450 million over the next ten years and operate in three areas - bio-medical sciences, tech media, and energy. They are market-driven and demand-led so essentially what we are doing is using our research base and trying to take all the strengths in the research base and the strengths we have in our commercial base in Scotland and are looking for opportunities and synergies and trying to drive these forward in a directed way.

These operate Scotland-wide so we have them geographically distributed. The centres themselves are distributed and pull in researchers and the commercial world and get them talking to each other and just seeing what ideas come out of that and how that is developed.

Scotland also has a very well developed pipeline to support business innovation and R & D, and many of you will be familiar with initiatives, such as the proof of concept fund that we have in Scotland. As well as having our own schemes which are funded by Scottish Enterprise, or the Executive, we also put bids in for the DTI’s Knowledge Transfer partnerships, another excellent scheme for bringing together producers of research and users of research and allowing us to break down the barriers that exist, or the perceived barriers, once you  start working with people. When you work in academia you think what you do is quite different from what they might do in the R & D arms of companies. But, when you speak to the people in companies you realise that you are all doing the same thing. It is extremely stimulating for both partners once that sort of collaboration starts.

Other highlights that came out of the report on our science strategy were that we have boosted funding of research in Scotland through the Scottish Funding Council by about 40 per cent between 2001 when we first published the science strategy and this year, and that is absolutely necessary to underpin our science base. In addition, the Executive funded a £10 million package to address science teaching in schools. This is absolutely crucial. If we are to have a future using science we must have people coming into science who see science as exciting. People may not necessarily see scientists as bad but as plain boring and dull, and that we do not get out much. 

A life in science is one of huge fun and continual excitement, and scientists are at fault for not explaining to people what we do and how much fun it is, and it is also incredible that we do not feel the responsibility to share the excitement of science with people more widely. I would ask all of you who are scientists here to do that. We speak in a coded language and we seem to think that it is perfectly all right that we just keep our work to ourselves and do not explain it to the general public. We must, because, if we do not do so, that will be death for our science base. We also we have four science centres in Scotland, underpinned by funding of £3.7m, which are directed at schoolchildren and, of course, their parents. Sometimes parents can be influential in what their kids choose to do, so we are trying to engage people at a very early stage into science and get them to understand the excitement of science.

So for the Executive growing the economy is the absolute top line but how would you grow the economy in the 21st Century if not with science, engineering and technology? That essentially is going to be our future. We are also trying to move Scotland forward through the Scottish Funding Council’s pooling initiative. Most institutions go around looking for people to pinch and to pull over to this institution or that to make figures look better and so on, and a good deal of game playing goes on. And that cost - apart from the physical cost of the Research Assessment Exercise system  -  is very damaging because it does not build up the science base but fractures it.

The pooling exercise provides a sum of money and it levers money also out of the universities back into this pool. It uses this funding to build up strengths of international excellence within our existing science base. An example is the Scottish Universities Physics Alliance (SUPA), which has only been going for about two years. It is very hard at this stage to say this has been enormously successful but we can say that  already in this two year period SUPA has been able to attract the very top level graduate students from around the world to come to Scotland. When you ask why they are coming, they say it is because of the alliance, because we are not just coming to one university in the country, we are coming to what they see as a massive alliance which would easily be able to stand shoulder to shoulder with, say, Imperial College, in terms of their physics expertise.  

We have not just the quality of life card to play in that when people come to Scotland it is very hard to get them to leave again. More important for a scientist is intellectual stimulation and that is what the pooling exercise is able to deliver. The very highest quality international staff are drawn to this, so it is a very attractive prospect.

In the Research Assessment Exercise this grouping of people intend to go in as a unit, despite the fact that they represent different universities. If that happens and that is sustainable, it will be an enormous success.   There are also similar initiatives in chemistry, engineering and maths, the geo-sciences, economics and general and civil engineering. There are a number of other pooling initiatives, which at the moment are out to peer review, such as marine sciences biology and life sciences, and brain imaging, or general imaging. This pooling initiative is a really good example of how a nation such as Scotland -  and the same would hold true for Wales - can use all its resources and not compete internally but develop strengths, international strengths collaboratively.

We are looking at implementing a new science strategy, which will  address what we need to say we want, and where do we want to go forward in the next five to ten years. One of the areas that I would like to put some emphasis on is to try and improve scientific literacy among the public and engage the public in science. Scotland needs to be a place that people want to come and invest in terms of research and development because there is a very good atmosphere, and the public are willing to engage with scientists.   

Raising the profile of science within Government will be an absolutely crucial priority within my office.   Developing our science internationally, and making sure we have productive relationships with Whitehall is also very important, enabling us to contribute properly to national initiatives as well as our own Scottish initiatives.   We also want to roll out our science into areas of the Executive where science basically has not been to the forefront.

We cannot run before we walk, so we have to focus our attention on specific areas and we will be looking at how we can best develop that strategy within the Executive and all the Departments within the Executive, to make them all feel that they own part of this Science Strategy and that they want to develop it within their own offices.

We will also develop very strong relationships with the Office of Science and Innovation at Whitehall and identify those areas within Scotland where we are truly international and world class, and those areas where we feel that we are weak in particular areas. If we are weak, do we need to invest in those areas, do we need a capacity in those areas, or is that something where we can partner or collaborate with other people outside Scotland to ensure that we do have the strength of that particular science area?    

In terms of scientific advice into Government, we have the Scottish Science Advisory Committee (SSAC),  chaired by Professor Wilson-Sibbett from St. Andrews University, who has done an absolutely fantastic job getting independent scientific advice into the Scottish Executive. This is a quote from SSAC: “The vision for science in Scotland is one where all aspects of science activity are connected optimally.” Again, here we are focusing on collaboration and international excellence as our targeted goal and it is one that is achievable in the short to medium term.

We have to renew our science and innovation strategy and it is out for consultation at the moment [November 2006]. It is on our website and seven themes are being addressed at the moment on which we are seeking comment and input. We want to maintain and develop the excellence of science base; enhance international connections and capture overseas investment into Scotland; intensify knowledge exchange between academia and business because it is something that we do not do well and we could improve greatly; expand business innovation; and modernise science education and promote science careers. 

I can remember being exposed when I was about 14 to the wonderful properties of metallic sodium - it is fiery stuff when it interacts with oxygen. One of the boys in the class that I was in as a 14 year old thought he would like to pop some in his pocket and obviously take it home and show his Mum and Dad, or his mates, so in the brief seconds between him leaving the Chemistry Lab and entering the Maths Class, the sodium of course combusted along with his trousers and a very quick-witted Maths Teacher leapt up and ripped off his trousers and took everything off.

I have never forgotten that, and I guess he has never forgotten it either, but the point is that we really need that hands on experience of science – experimentation is just absolutely the life blood of science – it is just plain exciting. At school 13 and 14 year olds might try to act incredibly sophisticated and cool but  they are just a whisker away from the sandpit. If you give them the tools to enjoy scientific experimentation you might capture their imagination and they could be the next generation of scientists.   So we also need to increase public engagement with science, and that is up to us as scientists. We have been very, very remiss in how we have done this in the past and we really need to make a lot of effort, and I mean personally, individual scientists – we are a big resource – we should be doing this regularly.   We need to develop the use of science by Government.

So, whether or not we share the same policy approaches to these issues in Wales and in Scotland, they probably are the key issues and we share the same aim. For my part I will continue to ensure that science is brought to the fore in everyday life and that in policy making it is right at the top of the agenda so we can capture the opportunities and benefits that science has to offer.  I hope that you will do that, too, in Wales and raise the profile of science, by having a Chief Scientific Adviser. It is important because the more Chief Scientific Advisers we have, the higher the profile of science will be.

Anne Glover currently holds a Personal Chair of Molecular and Cell Biology at the University of Aberdeen, and has honorary positions at the Rowett and Macauley Institutes.  Professor Glover is an elected Fellow of the Royal Society of Edinburgh, a member of the Natural Environment Research Council, and a Fellow of the American Academy of Microbiology.
5. Lessons from South Australia –

Baroness Susan Greenfield
A few years ago South Australia was going through a kind of identity crisis, not quite knowing how to do deal with a small and dwindling population, how to attract people into the capital, Adelaide, and into South Australia for wealth creation, and how to retain and develop some kind of identity. It was very much the David to the Goliath of the other Australia states and, perhaps, still is. And so Mike Rann, a very enlightened Premier, devised this idea of bringing in outsiders. That in itself was quite a dangerous thing to do because people resent outsiders coming in and telling them what to do.

Why  it was good, however, was that outsiders can see the wood for the trees and can say things. Under the guise of an outsider you will not offend people so much because they can write you off as a loony outsider, rather than someone who really knows the situation. You can get away with more than people who are  at the grass roots.

As an academic, it was a huge learning curve to have doors opened for me, to politicians, to the private sector, to education, to anyone I wanted. If you were ever to entertain doing a similar scheme here, it is utterly essential that you give the individual as much authority as possible to go and talk to whoever they want to, and for the first few weeks just talk to people and try to listen to where things could have been brought forward.   Quite often the problem lies with constituencies or sectors not speaking to each other. It is not as if I came up with rocket science, or any wonderful innovative conceptual leap that they had not made but I perceived that a lot of the problems arose from communication barriers.

For example, the scientists were saying to me, “Ah, you are so lucky, you have the ear of the Premier, you have the ear of the politicians”, and the politicians were saying to me, “Ah, we never talk to the scientists, they just whinge, they just want more money all the time, that’s all they ever come to us for, we do not know what they are doing, we do not understand what they are saying.” 

Part of my job was just to introduce schemes whereby different sectors could merge. The idea was to ask why South Australia should not be special by having science at the centre of society.   We are used to science being there in ivory towers on the outskirts of society but what about having a scenario, a situation, a community where science is at the middle and  informing everything else. You could do this in this small state with only a million people, which, in effect, is similar to the polis, the Greek city state. We could try experimental schemes that would reach out federally to the whole of Australia. Adelaide would start to be in the vanguard - necessary if you are a David rather than a Goliath, because you have to take risks, you have to discover an original niche. You cannot just compete with the Goliaths on their terms, you have to do something that is so innovative and exciting and different and risky that you set the trend for someone else, and you do what you do best, you have a niche that no-one else has. This is something we have been doing at the Royal Institution over the last five or so years.

We produced a report entitled Getting to the Future First, which recommended ten initiatives.  The first were academic, aimed at encouraging multi-disciplinary areas, where other institutions can plug into universities, and universities can liaise with other institutions and go global.

Two other Oxford initiatives, which relate to Adelaide too, might be relevant in Wales: the James Martin School for the 21st Century is funded by the interest generated from a US$100 million gift from an alumnus. We are not all fortunate enough to meet James Martins every day of the week but I would commend to you this notion of a 21st Century School.   The idea is you look at how various issues are going to impact on the future, so for example climate change, infectious diseases -  and in my case it is the future of the mind - demographics, human migration. Ten social institutes have been set up, each funded by about £¾million over three years, that is £250,000 a year. 

It is like a rather substantial project grant, and each funds about four or five Post Doctoral researchers.   The idea is that we each represent different aspects of the future and works as a kind of confederacy. James Martin’s vision is to  reach out to the private sector and globally, and to network. It is not the traditional idea of university research but cutting edge research put into a context of society, of the future, and  of  turning ideas into policy - as I learnt in Australia, how to go from creativity to innovation.   

Creativity consists of original ideas that are highly theoretical and very exciting intellectually but perhaps not widely understandable. Innovation is where you have individuals who are good at applying policies and  interpreting them, and at getting things done but not necessarily in a highly original way. The two need to be brought together, ideally in the same person but that is quite rare. Everyone has to recognise their limits in life and to work together – in this way it becomes possible to translate those ideas into reality.

The other academic initiative is an inter-disciplinary project I am involved in at Oxford with the Templeton Foundation which brings together humanities and various philosophers, with psychiatrists and psychologists and neuroscientists, to look at the mind and all its aspects. One in four people is going to suffer from depression this century. Indeed, according to the World Health Organisation (WHO), it is going to be the biggest illness ever, even bigger than HIV. Clearly, psychiatric illness is very important and the mind is a very important area.    

We are also very excited by the Public Outreach Programme. Everyone is very sensitive to the issue of outreach to the public - I do not like to say public understanding of science any more because that very phrase implies a certain patronising of the general public, as if they just sit there as the great unwashed and you hand down the tablets from the mountain. Nothing should, or could be, further from the truth.   Most of the general public are as agile intellectually as scientists are. It is just that we, as scientists know a very specific corpus of information that no-one else knows -  usually, as we have heard, couched in a jargon that other people cannot understand.

I believe science could, and should be, as exciting as going to a play or the cinema and one should be able to say, “Shall we go to the cinema tonight, shall we go to the theatre, or shall we go to that science debate?”   And it should be as fun - as interesting, as controversial, as worrying, as exciting, as going to something within the humanities. You can go to a play without having a degree in literature, so why is it so difficult to glean the bottom line of science. You can go to the pub or the bar and talk about football matches, or rugby matches, even though you are not professional, why can you not do the same with science, even though of course you are not going to understand all the nuances that the scientist can?

We have to think of ways in which that can happen. It is not sufficient to tell scientists what they should do. Much of the science agenda is about securing money for research and good peer reviews and, therefore, street credibility. Sadly, although in public everyone says scientists should become involved in explaining science, in private you are demonised and vilified and sneered at by your scientific peers if you do a lot of public outreach.

We need to change the mind-set and culture of the scientific community to make it not just a commendable but, indeed, desirable practice. The only way you can do that with the scientific agenda is to link it with how much they are going to get for their research and to have street credibility with their peers.   If scientists think their peers going to be rude about them, if they stand up and talk to the public, then they will not do it.

The scientific agenda is to have money for research, otherwise you cannot be a scientist. The media agenda is to sell its stories, and the politician’s agenda is to stay in power. Those three agendas are not congruent and we cannot just assume that everyone will be sympathetic to everyone else. We have to devise mechanisms whereby the scientific, the political and the academic media agenda can come together. In Adelaide we have developed Science Outside the Square and this is a little of what we are also trying to do at the Royal Institution.

Basically, it consists of science debates, but instead of people coming in and being lectured at, a series of different types of events is organised.   If someone wants a “science of the terrified talk”, they sign up for that; if they want a consumer related science then they sign up for that; if they want something more philosophical -  neuroscience and the law is one of my favourites - they sign up for that.

In the programme that we have in the Royal Institution and which we have started to roll out in Adelaide, I was stunned at the number of people that came and how excited they were for doing this.   We have also sought to link in the media. At the Royal Institution we have set up a media centre, www.sciencemediacentre.org which tries to bring together these constituents in order to bring people together so that they can compare agendas. As a result they will not necessarily just vilify each other but try to find some common ground.    At the media centre we offer to the print and broadcast media scientists who have been trained and who are willing to talk in words ordinary human beings can understand.   Similarly, we issue to the media little leaflets, rough guides of ideas, such as nano-technology in a nutshell, genetics in a nutshell, in just one page. Politicians like these, too, I have noticed.

We teach the scientists how to communicate – finding if necessary the right sound bite – how to talk about animal research, and what are the most frequently asked questions. This has  been cloned in Australia with the Australian Science Media Centre and I do not see why one could not have operations around the world, doing similar kinds of things.

In education science school teachers are over-audited, demoralised, and not allowed to do as much hands-on science as in the past. They feel dispirited and dissociated from the scientific community. One way round that, short of giving them more money, is to  twin a science school teacher with a research scientist in a one on one relationship. This is relatively cheap to do; it is like a kind of dating agency because you let people get on with it, you do not audit them, you do not expect things of them. Some relationships will wither on the vine, some will just really take off, some might just tick over – it is up to the two individuals to decide how they want to do it.   

You are offering the science school teacher a toehold back into the scientific community where they can perhaps go and work in the labs during the holidays, or even perhaps have sixth formers come and work and go back and talk in the schools. You have a much more seamless continuity between the two sectors than is currently offered, and that will give back to the science school teacher a sense of being a scientist again rather than constantly on the receiving end of endless audits.

Another idea which we tried at the Royal Institution is a Young Scientist Centre, where  you have one day off from the curriculum and you just have curiosity driven but supervised experiments. You make your own DNA or look at a human brain, or do the kind of stuff that you would not be able to do in the school. There would be an inverse relationship to schools’ incomes, so Eton would be last on the list to come and the inner cities would be first.   That is something we are trying to set up at the RI, and if anyone’s got £2million to pay for it that would be great. We are also introducing all teachers, including primary school teachers, if they want, to a basic certificate in neuroscience. This is not just for science teachers but for all teachers to get up to speed with the latest in cognitive science, and the latest in learning methods.

I  recently gave a talk at a remand centre for  serious offenders. There were lots of young people  there, mostly for drugs offence, and about 90 per cent of them ingenuous children. Such correctional centres are  a sort of sink of society. Those in it  cannot get out, so you have to go to them. You are doing the gearing if you go and talk about science and about things that affect their lives, and they say, “Oh, am I only in here because of my genes then?”. You know that is a great start if you are getting them to think like that, about nature versus nurture and so on.

In Australia we have been trying to  set up an RI Down-under. The Royal Institution, in the words of our Charter, sets out to diffuse science for the common purposes of life. In my own view we are unique because we have these diverse activities, a Media Centre, History of Science, a Schools Programme, and soon hopefully an experimental programme, a public outreach programme. We have all of these things and Labs as well, all under one roof which is quite special. We do not receive a penny from Government, not because they have offered it and we have refused but because this independence does give us a degree of freedom. Although we may be poor, at least we can do anything so long as it is legal and it is wonderful not to be in anyone’s pocket.

With RI Down-under, and other institutions that are not able to sustain themselves on their own, we are trying to develop a dual model. The South Australian Government has bought a building and will do some pump priming but other activity is sustained by box office receipts, through membership and fellowship schemes, through industrial sponsorship, and with rent paid to the Media Centre, which in turn is sponsored by multiple private sector organisations.

My own dream is for the London-centric Royal Institution, where we do all these things, to outreach and find other organisations that it could twin with. The RI could be a kind of NGO for science, that is a place that has both private and public sector sponsorship and functioning but without being owned by anyone, because that does give you a street credibility with the general public.   

Let me just leave you with this thought. At weekends and evenings, universities lie dormant, the lecture theatres are empty. At the same time local communities need to know about science, they want to talk about it, not just be told about it, and discuss it and question it and prove it. It would be good if they knew scientists, if they knew the human face of scientists.   It would be good for the scientists if they were able to talk in a more general way to a wider audience and communicate with the media so that the media felt more comfortable and did not demonise them. Why not at weekends and evenings open the lecture theatres, or universities generally, to the public to have the kind of events that we have shown, both in Adelaide and at the Royal Institution, are really appreciated, really well attended, and very exciting, and vibrant and varied.   

The science faculty that does this, of course will not do it for nothing so you fund this by a socially sensitive box office policy. The middle classes can pay, just as they would pay to go to the cinema. Obviously, it would be socially sensitive. There could be some subsidy from Department of Culture, Media and Sport, or relevant Government department, and this would create a win-win situation.

The universities would be plugged much more into the local community;  the local community would benefit because they would get their toe across the foothold within the university environment, which might make some young people less spooked about going to university.   The scientists would benefit because they would have a break from the treadmill of audit, and, RAE-exercise blight. They would have a wider remit as well.  So you have the Universities winning, the faculty winning, and above all the public winning and, therefore, society winning, and I cannot see any down side, I cannot see anyone who would lose from this.

That is what we are trying to do in Australia, and South Australia being just a million people is a good place to start. 
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6.
The Universities and Science Policy -


Professor Peter Blood, Pro-Vice Chancellor of Research, Cardiff University
As a scientist I am a relative newcomer to the academic community, which I only joined in 1990, having spent the major part of my career working  for the Philips Research Organisation. 

I am going to try to speak about universities in general and how they fit into a science policy for Wales.    Christine Gwyther’s introduction to the Review of the Science Policy for Wales stated that the primary driver for the Welsh Assembly Government is sustained economic growth in Wales by exploitation of new knowledge through closer collaboration between business and academia.   I am taking that as the context, although I would go almost further than Sir John [Cadogan] and say there is a case for science that is part of our culture. If we support literature, music, and the study of history, we have to support the study of science on a solely cultural argument.  It also follows that if Wales is to have a globally competitive economy, it must have access to globally competitive knowledge.   It is no good those of us in universities focusing on ideas that are already out of date. It is absolutely vital that Wales connects with a globally competitive university and higher education system.

In Wales,  universities are the primary source of new knowledge. We do not have any major corporate R & D centres so if we are talking about new knowledge in Wales it comes out of the university system. Wales needs us.  Of course, some research is done in collaboration with business but perhaps it would not happen if the universities were not here in the first place. I distinguish Wales, therefore, from other countries,  for example, England,  where organisations like Philips Research Labs, Toshiba, Sharp and so on are located. Wales does not at the moment have that kind of dimension.

I am going to give a number of examples of innovation from the basic physics through to products. These involve more than universities but  we can draw some conclusions about the contributions that universities have made. Much of the story of the transistor we know but the key enabling step in this is not so widely known. With the rise of Nazism in Germany in the early 1930s a lot of scientists were looking to leave Germany and Germany was the home of quantum mechanics. This new fangled highly abstract bit of physics explains some phenomena and seemed to have applications way beyond that but was really an abstraction. Even the wave function we cannot point to out there in nature. Germany was the home of quantum mechanics and there were a number of presidents of American universities who felt that at the time the US did not have a great deal of expertise in quantum mechanics. The decision was made to  hire some of these people, to lure them over to the US. 

These people established significant schools, particularly in the University of Illinois, that started to apply quantum mechanics to solids. This was a fantastic piece of opportunism by the universities, simply going out attracting good people who were restless in their environment in Germany and attracting them to the US. This was done with no idea of application or invention other than these were good people and it was a bit of new science that perhaps the US ought to get into.   

Probably a bit earlier than 1945, Bell had started to assemble a team drawn from these universities who were expert in applying quantum mechanics into solids. They felt it was a good idea but also around this time, of course, they had realised the shortcomings of thermionic valves and amplifiers in telephone systems. The outcome of all of this was the invention of the transistor, which led to the technologies of modern electronics and computers. When you are using a computer or a telephone, you are  using quantum mechanics. It is a quantum mechanical view of solid materials that has supported those innovations.

The first commercial transistor radio was marketed in 1954. If we take the origins of this as about early 1930s, twenty years elapsed before someone really started making money. Of course, it is the people who were able to add value – those who were  putting transistors into the radios - at the transistor factory opened by 1956 physics Nobel prize winner William Shockley that made money. And the one theme through the whole of this talk is the connections between scientific excellence - as recognised in the end by the highest prize that science has to offer - and innovation and commercial success. Of course, one does not necessarily guarantee the other but   nevertheless they are very closely linked.

The laser was the basis of the next revolution. We have been through the electronic revolution, and have moved into the optics of the photonic revolution. The idea behind a laser appeared in a very obscure paper in German written by Einstein in 1917. That idea sat there for a long time and there were very good reasons why no-one believed this idea - stimulated emission. There were very good reasons for believing that it just could not be done. In the early 1950s Charles Townes, who was working at Columbia University, wanted a source of microwave radiation to do some experiments, so his science was driving this along.   

He describes in his book how he was sitting in Franklin Park in Washington on a Saturday morning, admiring the dew on the azaleas and realised how he could crack the fundamental problem of why you could not use Einstein’s idea. He did literally write it on the back of an envelope. He went away and set his research student to work and, of course, what he made was the Maser, M for microwave. It was a source of microwave radiation and this was demonstrated by his PhD student in 1954. They then wrote a paper, again published in a highly esoteric physics journal. They published a paper in 1958 on how to extend this idea to light, L  the Laser, and they were awarded a patent in 1960. Townes was awarded the Nobel Prize in Physics in 1964, the citation reading, “for fundamental work in the field of quantum electronics which has led to the construction of oscillators and amplifiers based on the Maser/Laser principle, the conjunction between fundamental science and then making something”. This language appears in quite a few Nobel Prize citations.

Pictures exist of Townes’ notebook where he wrote down the idea in 1952, and of a diagram of the apparatus, showing the legend “witnessed and understood, Art Shallow” with the date. An essential step in getting anything patented in the US is to have your notebook record and an indication that it has been read by somebody and they have understood it, so there it is in the margin of his notebook. Art Shallow is Towne’s son-in-law, Art Shallow was Townes’ Post Doc and married Towne’s daughter. I do not think that is essential for innovation, however!

The laser story goes on and comes much closer to home. The diode-laser is a very compact device, perhaps about a third of millimetre square, which is the heart of telecommunication systems and at the heart of CD player, the CD Rom Reader in laptops and so on. One innovation that I was involved with and which came home to Cardiff is the idea that it is the pits and the absence of pits that can be used to read out the digital information on a CD. Obviously, the smaller you can make those the more information you can put on to a disc but you need to read them out by reflecting light from them, or not, and the fundamental thing that controls the size of these pictures is the wave length of the light. If you can make the wave length of the light shorter you can put more pits on the disc and you can store more information. That is really the basis of the increased storage capacity that we have seen in this technology from the very first CD players, although the optics has also been improved.

Key to this is reducing the wave length of the laser. Easily said, but it poses some significant scientific challenges. The theoretical concepts behind these semi-conductor lasers were published in a fairly esoteric paper in 1961 by some French researchers. The other essential ingredient is something called quantum wells which appeared in the basic research part of Bell Labs in the mid 1970s.

There was work going on in Bell Labs, in IBM at York Town Heights and also in Cambridge University and eventually the first quantum well lasers for CD use started to appear in the late 1980s. I became involved in about 1983 and I have to say when we first started work we did not think they would work but it did work very successfully. In Cardiff in about 1988 a company was set up called EPI, Epitaxial Products International, at St. Mellons to manufacture semi-conductor wafers. I came here in 1990 and in 1991 we started work together on improving their material specifically for CD applications, which was   something they had not  envisaged in the first instance.  

There is a second timescale here. Not only do we have to go back to 1961 for the beginning of the physics of these devices but when I started helping them in about 1991 I already had ten years experience in this business. It might look like instant help but it was resting on ten years experience and of course that is how we were able to get on quite quickly.   EPI is  now called IQE as a result of some mergers and they have gained a major share of the world market in the wafers for compact disc lasers.     

There has been a growth of activity in Taiwan which has pushed them out of that position but, nevertheless, they secured an extremely strong position and still have it. And, of course, we received recognition for the physics and we were able to give EPI a competitive position. We were publishing papers in quite esoteric journals at the same time, and IQE is still there, still in business.

There is also another interesting sideline to these devices and that is how to make connections with companies. There are a number of ways by which this happens, including formal knowledge transfer mechanisms and so on, but do not under-rate the scientific conference. At the time we were doing this work with IQE I was at a conference in California and a rather colourful Englishman - well with a colourful personality - came up and said he would like to have a drink with me. We got to talking and he had an idea for making a very compact light pointer but again to make this using a CD type laser he needed to make some changes to the design of the laser. In fact he needed to change the colour again. 

The idea was very simple. He wanted to get the colour into the region where the eye was most sensitive and he needed to use less electrical power. He could use a smaller battery and he would scoop the market.   His question to me was: “Is there any reason why I cannot go out and buy a laser that emits at this wave length?” My reply was that there was no fundamental reason but nobody had wanted one so nobody had made one. I went into a development programme with him in Cardiff - he was using IQE material so there was a benefit for IQE - and we trained his technician because I did not want him stealing mine. Even going to scientific meetings one is  making connections, and not only doing further interesting science for yourself,  but making connections that will benefit business in Wales.   Perhaps it would not be too strong a point to say that perhaps IQE would not have got that business, if we had not been at that conference to talk to someone who had an interesting idea but did not know how to make it happen.

The individuals  involved with the invention of the key ideas behind semi-conductor laser diodes were also awarded the Nobel Prize for Physics in 2000, for basic work on information and communication technology and for developing semi-conductor hetero structures. Laser diodes are the enabling component in modern communications and data storage systems and have growing applications in medicine. The mass market for these devices was simply not envisaged in my office in 1983 at Philips in Weymouth.

So  what are the characteristics of corporate research laboratories? Well, they conduct a mixture of blue skies research and research directed at specific short term needs – excellence is by-word in all of these laboratories.   IBM has five Nobel Laureates, and Bell Labs   have more. They simply do not shout about them on their website. Another characteristic of these laboratories is that they put together multi-disciplinary - not inter-disciplinary - teams but they draw on a core of disciplinary strengths and these teams of course are there to deal with a problem. When I worked for Philips the team I was in was dissolved probably four or five times and you would find yourself working on something else. But one’s core expertise was what was important and what one looked for in inter, or a multi-disciplinary team, was disciplinary strength. I now interact with bio-scientists in Cardiff University – I want to work with good bio-scientists and they want to work with good physicists. They do not want to work with some fuzzy people in the middle. 

Corporate R & D labs also function as the interface between new knowledge and new technologies, not only knowledge they create themselves but knowledge relevant to the company from outside. The research lab in Philips was also a recruiting tool to attract top flight PhDs from university who wanted to do research. The hope was that once they were in the company environment, in due course they would  become interested in other activities of the company and move on. If we tried to move them directly, or recruit them directly into some of those activities, it would not have been so attractive. Attracting the best people, the best graduates into the company, and therefore into Wales is  a major function of corporate R & D labs.

Innovation is about finding solutions, or new opportunities which meet needs at the right price. In the case of the transistor and the laser, the physics came well before the invention and the need but the final device, the maser and transistor, were prompted by someone wanting to solve a problem the solution for which was already there. In the case of the laser the solution had been there for forty, thirty years, lying dormant.   Need is an important driver. Innovation, therefore, is about not only the exploitation of new knowledge but about joining or applying existing knowledge in a new way, often across disciplines, in a way that often was not envisaged by the originators, the writers of these esoteric papers.

Multi-disciplinarity is also key. Many innovations have occurred at the boundaries between traditional scientific disciplines. I was working at Harwell in the early 1970s, having been sent there by Philips because we became interested in the application of nuclear techniques to non-nuclear problems in the semi-conductor industry. Everything we tried to do was new but it also generated new business, increased research activity in universities that we sponsored and collaborated in, and also new corporate research leading to commercial opportunities in building equipment and, in fact, building services. All this happened very quickly but again this rested on twenty or thirty years of research expertise on both sides of the fence. 

Since the mid 1990s and on into the present day you have seen a growth of activity at the interface between the physical and life sciences. Computer science has been contributing to the whole business of visualisation, how we present information, and that is often driven by the games and the entertainment industry but has got tremendous relevance in education. Likewise, work in genetics is  joining up activities in medicine and ethics and philosophy – others have made reference to the social sciences and evidence-based policy development. Business studies understanding about knowledge transfer and spin-out is important - how one deals with waste, architecture, transport, energy; city and regional planning. Connecting this back to the universities, they offer the broad range of expertise and knowledge. It is impossible to know where the next creative bit of joining up is going to come from, and so in order to be multi-disciplinary and to be creative there must be an underpinning from strong disciplinary activities because you do not know how, or where, you are going to need them.

For Wales also there is an external dimension. For business in Wales to be globally competitive it must have access to world leading ideas. Wales cannot pursue science in isolation.  There is not only the whole social knowledge exchange that goes on globally but discussions and interactions and conversations that go on in meetings, and it is absolutely vital to connect into this network of knowledge. We also need access to major research facilities and to attract external funding into Wales. We need to lever funding from the Research Councils and EU Framework Programmes. 

The income last year from the Funding Council into Cardiff University for Research was about £30m but the income awarded to Cardiff University last year by the Research Councils in competitive peer review bids was £96m. If you add all that up the research income into Cardiff University last year it was four times its income from HEFCW. Science in Wales, therefore, cannot function just on the financial resources that are generated within Wales – we have to be able to lever in funds from outside Wales. We do that through excellence but it also means that a science policy for Wales must be constructed to exploit Research Council and European and any other funding opportunities.   I am not saying they should dictate it but if we cannot put in place a science policy that enables our academics to write proposals to these bodies which say, “and this is aligned with HEFCW policy and WAG policy” then we are not enabling them to attract the research funding into Wales that we will need if we are going to make any progress at all, and we have already been talking about the size of the existing funding gap.

These are the points I would make about the connection of the universities with a science policy. Firstly,   the universities are basically the only place in Wales at the moment where we could generate new knowledge across a wide subject base and we are not going to know when we are going to need it.     The universities have a role to attract research funding into Wales to keep this research base going. We also have a vital role to educate a workforce for a knowledge based economy.  In fact, I would take it further.   A science policy needs to address education beyond university.  We need to be able to generate highly skilled technical staff in the further education system, and of course make more people aware of science, and be interested in science, and working at a school level is also important.   The economy will need highly trained technical staff, which will come from the further education sector as well as the HE sector.

The universities will also send well educated people out into the rest of the world, to act as ambassadors for Wales. We should not see these people as a loss to Wales, they are the best most and effective way we have of raising our profile and making the world aware of the high quality work that is done here, providing of course we produce high quality people in the first place. But we should view people going out positively, and we should have the confidence to realise we can attract good quality people back in. 

The universities also have a responsibility to transfer knowledge to businesses in Wales and to attract new businesses into Wales, perhaps because we have specialist knowledge here, or for various other reasons. This is what the knowledge economy is about - attracting business here because of what we know, not simply because of how much money we can give them - you spend the money quite quickly. And, of course,  as universities we have to maintain an awareness of the needs of Wales. The knowledge is out there but again innovation comes from  wanting to solve a real problem.

So finally, what about supporting science as an objective for a science policy? Scientific excellence has been the source of many innovations, with global impact and major economic benefits, but this requires first of all a long term investment to support excellence across a wide range of disciplines, often on long timescales. For example, to take a drug from the basic idea through to marketing it is probably ten years.

If we think about education and training, the time from establishing a new three year degree course to the first graduates coming out will probably be about five years. We started work on a new one year MSc two years ago. The first students have just come in and they will be going out in a year’s time, so educating people is not an instant process. If we are saying we want to give people a high quality education, which may be very specialist and peculiar to Wales, it has be based on research strengths and you need to have the team there to do it.  So long term is an important part of the message, as is the word excellence.

As we move on we need to find ways, just like as corporate R & D does, for supporting task oriented, multi-disciplinary teams drawn from this strong disciplinary base and as Wales, and as a university in Cardiff, we should not be afraid to take teams apart again. If they have done their job, those people should be going on and doing something else. We should also not be afraid of backing some ideas that may not work and again we should build timescales into these things and dissolve the teams perhaps, because other things will come along.

We need well developed processes for making ourselves aware in the university system of the challenges for Wales, and by that I mean the economic business challenge in Wales. We need to be able to work together and do collaborative research with industry and to be able to transfer knowledge. My picture of science policy is that we identify the challenges facing us and the challenges that would bring economic benefit for Wales. We cannot, however, say where the solutions are going to come from and it is important that we make that distinction. We know we can identify and say these are the important questions for Wales and  these are the important business areas for Wales to get into but we do not know where the technologies to deal with those challenges will come from. They will come from somewhere in this knowledge base but it will come from joining up something that no-one realised can be usefully joined up at the moment, and so a policy cannot second-guess what disciplines are going to be important because we do not know where those cross-boundary ideas and fertile ideas are going to come from. 

The universities can rise to the challenges - it is  what  we all thrive on. But can Wales also rise to the challenge and make the  financial commitment to enable that to happen?

Peter Blood worked at Philips Research Laboratories before entering higher education.  He established the Optoelectronics Research Group in the School of Physics and Astronomy at Cardiff in 1990. His current personal research activities concern aspects of laser diodes and bioscience applications.  He is co-author of two books and an Associate Editor of the Journal of Quantum Electronics.  He is a member of the Engineering and Physical Sciences Research Council Strategic Advisory Team on Materials and also serves on research panels for the DFG in Germany. A former Head of the School of Physics and Astronomy, Professor Blood was also Acting Head of the School of Religious and Theological Studies in 2004-05.

7.
Promoting a Science Culture in Wales -


Professor Anthony Campbell, Department of Medical Biochemistry, Cardiff University
My name maybe Scottish but part of my DNA comes from Wales. I was born in Bangor and half of it comes from Anglesey, one of my favourite places in the whole world but I came to Cardiff with my mentor from Cambridge to set up a new department on the University of Wales Hospital Heath site, which was a building site at the time. It was a very exciting time to set up a new department and to bring basic fundamental science, chemistry and bio-chemistry into medical research, and to develop new ideas of clinical diagnosis. But I have been a passionate natural historian all my life and I have loved doing experiments since I was about 8 or 9 years old and of course, as we have heard several times, it started with curiosity.

Look at your neighbour’s ear and see if you can see a nobble on it. Darwin’s ear is so-called because it is a diagram from his other most famous book, The Descent of Man. He wrote that the orang-utang foetus has a little ear like this, which would have evolved over hundreds or thousands or millions of years. If your neighbour has this ear, it means that this is a picture of his great, great grandfather.

Part of my message is the way wisdom of the past can give us a vision for the future. Darwin is perhaps the most famous biologist that we have ever produced in this country and his message of taking natural history into natural science – really asking key questions about real phenomena, or even man-made phenomena, and then doing key experiments and observation is the key to our really developing an international calibre science policy in Wales.

But which Darwin are we talking about? Is it Darwin, or is it Newton, is it Einstein, or is it Tony Blair in drag?   Of course it is Darwin though not the Darwin most people are familiar with but Erasmus Darwin who was Charles’s grandfather. He gives us a vision for what we could do in Wales as a practical way of taking our science policy forward. He was a great doctor, a great inventor, and a scientist. He discovered how clouds form and he wrote poetry, perhaps the greatest poet at the end of the 18th Century, some people would say, but he was also a great entrepreneur and he founded a group called the Lunar Society that contained people such as Watt and Bolton. 

They got together and the first steam engine came into a British factory. They encouraged Wedgwood to do experiments with glazes. Glaze 8073, whatever it was, was the one which made him convert his factory from one selling local pots into an internationally famous pottery. Brindley, the canal builder, was a member and since communication and transporting objects, such as coal and steel, were crucial, they lobbied the Government to enable them to build canals. We need mini-Lunar Societies around Wales where we can bring people together who are scientists, industrialists, business people, teachers, even students or politicians to take the projects and ideas forward.

He first wrote about the process of evolution, the natural history of evolution: “Organic life beneath the shore less waves was born and nursed in ocean’s pearly caves.”  But it was his grandson, Charles, and Alfred Wallace who first really discovered the mechanism, the science, the natural science, behind life on this planet, and, as Darwin  himself wrote in the foreword to the Origin of the Species, it was not he who first had this idea. The reason why he is the famous person is because he documented it scientifically by observation and he used peer review.

2009 is Darwin’s bi-centenary, and without his trip to North Wales, the Origin of the Species might never have been written. He wrote this: “Snowdon to my mind looks much higher and much more beautiful than any peak in the Cordilleras.” He loved North Wales. We have a fantastic opportunity, which I hope the university here will take on to create an All Wales Group to celebrate this event.

If we want a project for the Gene Park in Cardiff, then we could ask why we all carry five bad genes approximately?  Darwin and Wallace taught us there must be a selective advantage to the fact that we all carry five bad genes. What is that selective advantage? That is a key question. If we start playing around with the human gene, within a hundred to two hundred years the human population will not be able to adapt to environmental change. That is the possible consequence that they taught us.

What do these people teach us about how we do science, and how we could do science? My definition is “discovering how the Universe works through observation and experiment”. It is about mechanism. Natural history is the description of the process of evolution, the mechanism; natural selection is the natural science. How the Universe works from the big bang to how a bacteria evolved naturally to be resistant to antibiotics. Culture, we know is the collective achievements of human intellectual activity, and science should be imbedded in our culture and not seen to be something separate from it.   

We must remember that “e” and the “t” of engineering and technology, too, and define what we mean by those. Policy for science must embrace engineering and technology and it needs to address mathematics.    We often use words loosely but as far as I am concerned there is a basic difference between arithmetic and mathematics. They are both important to teach but we need to understand the difference, so 1 + 1 makes 2 is arithmetic but 1 + 1 makes 3 is mathematics.

The big problem in the middle of the 20th Century was what was a molecule’s inheritance. Avery discovered it was DNA.   The next big problem was what is its structure?  Once you had the double helix, what’s the genetic code, what’s the way it reproduces?   That is the key question, and the key experiment is what you do to try and get at that key question.

Thirty-five years ago I was invited to the Marine Biological Association Laboratory at Plymouth, a very famous Lab to have a look at this incredible animal that is part of the life cycle of the small jelly fish and I discovered that it flashes in the dark. As a naturalist I was completely taken by this. I also discovered very quickly that it had an amazing protein called the Green Protein.  This protein alone has  created a market which is worth over $1bn a year and all it did was to shift the colour of the light and this jelly fish would be blue, a slightly blue green. A totally obscure thing to study but once it was cloned it revolutionised cell biology.

I came back to Cardiff and I said: “I want to work on this, I want to change what I had been working on, I want to work on this marine animal”. Many of my colleagues said: “You are crazy, what are you going to do this for, you are supposed to be doing medical research, you are supposed to be doing new diagnostic methods”. So I thought I needed some peer review, and the sort of peer review that Darwin had. He asked his friends, or his colleagues. He knew they would be critical if it was not any good, and so that is what I did. I went to three who, I knew, wanted to support me, who would hammer me if I was talking rubbish, and who would say if it was not a good idea. We need that sort of peer review system in Wales by our young scientists. We have to find it in the US, in Australia, in India, or in all sorts of places. Our young scientists, if they have got a good idea, need to go and ask the right person, “What do you think of this and how can I  make it work?”   

I had no papers or grants. I had no track record, or not much anyway in luminescence but I had support and I had a bit of funding, and I used my own small amount of money to travel around. I went looking for luminescence and I discovered some absolutely fabulous creatures, glow worms, jelly fish among them. 

As a biochemist I had been taught that the way to do biochemistry was grinding and finding. You ground up tissues and cells and extracted chemicals to find out what was going on inside.  What struck me as a PhD student was that we have learnt a lot from this but what we really needed to do was to be able to watch chemical reactions in the live cell, ideally in an intake animal, or in an intake organ. If we could get these proteins that made the light in these animals, and eventually the DNA, we would  start to develop a new biochemistry which lit up the chemistry of living cells. This took me on to all sorts of amazing places. I was lucky enough to go on research cruises and discover the most fantastic variety of animals that make light, and to get curious about their colour and discover the most common chemistry responsible for bioluminescence in the sea, in a part of our planet we do not hear much about.   

The biggest ecosystem on this planet is the deep sea, after the earth’s surface.   I learnt a lot about the chemistry of these animals as well as their biology. The big problem, however, that I identified in cell biology is what switches cells on and what switches them off. We all thought it was calcium, because we all know that calcium is involved in bones and teeth. But what switches an insulin cell to secrete insulin, what makes a muscle contract, what makes a heart beat, what makes a cell in the joints of somebody with rheumatoid arthritis release toxic substances? 

We thought there was a universal signal because we knew that there was a gradient of calcium, or that there was something across the membrane of a cell and that a very, very small puff of calcium would switch it on to do something.  The trouble was, if you broke the cell you lost the gradient, you could not study it so we had to do this key experiment to measure the free calcium in the live cell. I realised that if we had a protein from this luminous jelly fish, or part of the life cycle, and we cut into a cell, we could  see was whether there an effective calcium, and whether this was the cause of the heartbeat, and of muscle contraction. Why calcium?  Why not zinc?   We had to learn some chemistry, calcium does this, zinc would do this. You could not relax because zinc comes off proteins very, very slowly. Nature has selected exactly the right chemistry. This universal regulator, we  know, works in animal cells, plant cells, and bacteria. The key experiment was to measure it, ensure it goes up, and to demonstrate that if you stop it going up, you stop the event.

And so with people that work with me at the Heath, we published papers in Nature. We discovered a mechanism that releases toxic species in rheumatoid arthritis, we discovered a reversible mechanism of cell injury which is important in rheumatoid arthritis and multiple sclerosis. We made perhaps not necessarily Nobel Prize winning discoveries but discoveries of significance in understanding disease.

I realised we could get the DNA from these proteins and get them into cells using genetic engineering. We could then look at large numbers of individual cells because they would make the protein from the DNA. To examine cancer cells under attack we used a special imaging camera that came out of the European Space Programme, which enables us to watch individual cells, or individual organs. It explains possibly one of the things that I was always curious about. If you go around the cliff tops of Wales the trees and bushes are bent by the wind. When we were in Edinburgh we got the gene from this jelly fish into a tobacco plant as a model system.  This was a great boon for the cigarette industry, because it gives you a cigarette that glows blue at one end and red at the other, but what it also did was it enabled us to measure these little calcium signals in an intake organism.  In cliff-top trees the idea is that when cells are stressed by wind, the signals make the cells on one side grow more slowly than the cells on the other side.   So trees blown by the wind in Wales are signalled to grow that way. It is a major mechanism. We need to understand how it works, and how the calcium does it, but the measurement was the key. We can even  find bacteria. We discovered the first transient of calcium in live bacteria, rainbow proteins which are proteins that change colour when they react so we have got not just measuring intensity but measuring different colours. You can measure two or three reactions in the same cell at the same time using different colours.   

So scientists do a pretty good job sometimes, not just myself but lots of people, some in this room, who have brought money into Wales to be spent in Wales.  In our work we got a new technology for lighting up the chemistry of living cells. We developed a major mechanism of cell injury in several diseases.   We got some pretty good publications out of it, and we got lots of other papers. I believe in writing books as well, although the RAE does not rate this. I believe works of scholarship are important  in publishing science as well as doing experiments just as Darwin taught us. We brought in a lot of research grants, it gave us patents which were exploited and a lot of royalties.   Recently it was  chosen to be in the top hundred inventions and discoveries in the last 50 years in UK universities, so it is something   we can be proud of. It was a team of us that did it but it started with curiosity about why the jelly fish can flash, because the chemistry of that was  developed by the guy in Sussex as a model of the flash in that luminous jelly fish.

And it has led to three spin-outs. It also led to a major project in the Darwin Centre. In Pembrokeshire we are using luminescence and it really does excite kids. It is a great joy when children get curious, and ask why is it glowing? Why is the big glitter peculiar to the female and not the male?  What is it doing, what is the chemistry?  What is the biology, how did it evolve?  

Let me just show you a few numbers.   If you had a ten acre field like  the one I have got at the bottom of my garden in Pembrokeshire the value of the potatoes might be £10,000-20,000. If you had a genetically modified plant which had the human insulin gene in it then it would make enough insulin in one year to supply all the diabetics in the UK and that at current value is £800m. If it produced a vaccine to counter avian flu virus - and there are people  developing vaccines in plants, you eat them, and that gives you the immunisation to it - then the value would be about £1bn That illustrates the huge amount of money that can be made through our economy using controlled genetic manipulation in the laboratory in a proper environment which is safe.

Finally, who said this?   “I have had a bad spell vomiting every day for eleven days”, Darwin.   We have to have science in our food. We have heard about Jamie Oliver teaching kids to cook, so why do not we put some science in there at the same time. There is a massive amount of science in the kitchen – for example,  why when you soften an onion in butter does it become sweet?  What is happening to the bio-chemistry? What is not so well known is that Darwin was ill for 50 years, that is why he left London, left Gower Street, went to Kent, and did not return to the British Association, for the famous debate in 1860. Why did he not reply to Wallace so quickly in 1858 when he got the shock letter? He was ill.      

We have discovered what the cause of this illness was, and we published last year. He had lactose intolerance. We have to realise that we are not a homogenised population, we are a multi-ethnic community and the food bio-chemistry of different ethnic groups is quite different. Four billion people lose most of the enzyme that breaks lactose in two after weaning. We have five to ten million people who cannot digest lactose properly;  we have discovered a whole range of systemic symptoms which are not in the text books. Darwin teaches that we need to have a policy of science that also talks about our food. If we are going to give free milk to kids, do not give it to Chinese, or Somalis, because they will not be able to digest it and they will get ill, as we have already discovered with a number of schools in Cardiff.

Darwin also taught us to worry about the environment, and to take natural history into natural science. We do not have to go to the Galapagos Island to see Darwin’s finches. What else are the puffins, the razor bills, the chuffs, the fulmars but Darwin’s finches? What’s the chemistry of this red colour; what’s the chemistry of the colour in the beak of a puffin? Are they under threat? They should be monitored, and we need a policy which really does not ‘control freak’ our university sector, but is able to monitor and support protect some of our treasures, which are not just national treasures for Wales but of international importance.   

We have got a colony of 150,000 Manx Shearwaters on Skomer, about a third of the world’s population. We have 8,000 puffins which is about an eighth of the world population – these are of international importance. We have got important colonies of birds in Anglesey of international importance. So, too is the Snowdon lily.  Half of the species of British orchids can be found on Anglesey, so I want to see a natural history programme developing through the university sectors, supported by the Assembly Government, which gets the science behind this and monitors it.

What is bio-diversity?  Diversity of species, diversity of genetics, diversity of habitats -  the key missing from the people at the moment who study bio-diversity is molecular bio-diversity. That is the key to understanding diversity, the molecules not just the DNA that cause variety.

I have been thrilled with the support we have had for the Darwin Centre project in Pembrokeshire, We have got some of the leading figures – the Milford Haven Port Authority, the principal of Pembrokeshire College, Pembrokeshire Business Initiative - so we are taking cutting edge science and entrepreneurship into every day life. We have an international programme, we have got links with Italy, we have got a festival which runs every year, covering science, medicine and natural history, the environment, and the arts, we have school project programmes where we have a day every day where they present their projects, we get media people to come, we have natural history events.   

One of the projects they did was to examine what was the glow worm’s favourite colour. We had eight year olds putting light sticks down on the ground to see which ones attracted the males and which ones did not. They did experiments and discovered things and they got excited about science. We have got the initiatives, such as Techniquest, which has had such success, the National Botanic Garden and the Darwin Centre but we need to work together, and we need to try out ideas against each other. I do it differently from Techniquest but that does not mean Techniquest is wrong, nor do they think I am wrong. I am a professional research scientist who is trying to explain why I do what I do. The people who excite young people do it differently. We need different approaches to exciting people at different ages about science.

We need to address the fact that we do not have the right approach to science in the way we present it and the way we teach it and often the way we do it in spite of research assessment exercises about the big problem, the big question, the key experiment. Science is seen as boring. Children look at a computer, but how many are  taught so that they can understand what is special about the chemistry of silicon? Yet, it is physics that has revolutionised our lives in the last twenty years. We need to help the teachers. We have got some wonderful teachers in Pembrokeshire, who have been very enthusiastic about what we have done. We took them to the Royal Society Exhibition, and with European funding, to Italy. They do school projects with us but they need help, ideas, resources, and DNA labs. They have not got the resources or the equipment, so why cannot Universities have a little laboratory where schools can come in and do experiments which they cannot do in school? We have not got the best communication with universities, schools and business. We have heard about that today and we need to improve it.   A Lunar Society type model  is one possible contribution to that.

If you want to do good things in science you have to take risks. I have taken a lot of risks in luminescence, lactose intolerance, hopeful that in my way it has had a little success. We need to understand entrepreneurship, and we need to help scientists manage their spin-outs and to develop their IP and to protect it. We need to preserve and use our great natural environments and monitor global warming.   We need a new way of looking at education and public engagement of science and we must, as we have heard from several scientists already, retain the three core sciences of physics, chemistry, biology plus mathematics. We need to develop projects with science in the arts.  Why, for example,  is the minor key sad and the major key happy? Why is an octave a perfect interval and a second grates on you? Why did Mendelssohn choose E Minor for his wonderful violin concerto? There is a lot that science can contribute to the arts. Why do colours have certain reactions on people, what’s the psychology of that? What is the chemistry of paint? We have still got paintings in the National Gallery which are four hundred years old.

And at a time when we obviously have some major problems with religion, what about science and spirituality?  The Darwins were not atheists - their problem was with the Church, what it felt about science. If God turns out to be embedded in DNA, all the more for DNA not the less of a God. The Archbishop of Canterbury came down for our evolution debate for the first Pembrokeshire Darwin Science Festival, and he started by saying, “We should thank God for the gift of Darwin, for the insight he has given us into our natural world.”  So, there is an issue there, a lot of confusion about how science can conflict with the different religions. I know a bit about Christianity, and although I do not know much about Islam, it is an issue and we should at least think about incorporating some aspects of that in the science policy, as it is very important for our culture.

We need flagship project, such as marine pharmacy or combating terrorism. There is a plenty to exploit in the sea. The one thing that would really help our culture to take off again very quickly and inspire our young people, by giving them an insight into the way scientists really do penetrative science, is a sabbatical economy. We have got a great natural environment, though I was not attracted to Wales in the first place because of the puffins and the guillemots and the glow worms. I simply wanted to set up a new department to develop new ideas, to take my ideas into medical research, and then I enjoyed the environment. A sabbatical centre is different. We need to attract top scientists, top industrialists, top teachers, top students and they need to interact with our local culture.    

We have had an Objective 1 grant to have a marine sabbatical centre in Pembrokeshire but we need others around mid-Wales and north Wales. The university sector needs to look very hard at this, as  it needs quite a lot of funding, but the sabbatical centre concept could transform very quickly our science base as well as exciting young people by giving them the chance to meet Nobel Prize Winners from the US and elsewhere.

We need curiosity-driven science at the heart of our culture and we need our culture to really appreciate the true value of scientists. When I was nine years old my parents let me build a chemistry lab at the top of my house – I made chlorine, sulphur dioxide, some explosives. The house did not catch fire and I did not blow up the house so maybe I did have some sort of talent for chemistry. The only unfortunate thing was that I made some ink eradicator and that worked very, very well until I took it downstairs and dropped it on the carpet. That worked even better and took the carpet within a few seconds.  

I ask you to listen to the words of this, because   it has a message of how we do science, about the issue of the 21st Century, our greatest natural resource in all its forms, and that is what we need to incorporate into a science policy.

In the words of John Masefield:

 “I must go down to the seas again, 

to the lonely sea and the sky,

And all I ask is a tall ship 

and a star to steer her by, 

And the wheel’s kick and the wind’s song 

and the white sail’s shaking 

And the grey mist on the sea’s face 

and a grey dawn breaking.  

I must go down to the seas again

for the call of running tide 

Is a wild call and clear  call 

that may not be denied; 

And all I ask is a windy day

with the white clouds flying 

And flung spray and the blown spume, 

and the sea-gulls crying.  

I must go down to the seas again 

to the vagrant gypsy life, 

To the gull’s away and the whale’s way, 

where the wind’s like whetted knife 

And all I ask is a merry yarn 

from a laughing fellow rover, 

And quiet sleep and a sweet dream, 

when the long trick’s over.”

Anthony Campbell is an internationally acclaimed medical biochemist, and an expert in bioluminescence and lactose intolerance.  His work on bioluminescence has revolutionised biomedical research and clinical diagnosis.  This technology was selected recently as one of the top 100 inventions and discoveries from UK Universities in the past 50 years. He obtained a first class degree and PhD at Cambridge, and is now Professor in Medical Biochemistry at Cardiff University. He has published over 200 scientific papers, seven books, has several patents being exploited world-wide, and has set up two spin-out companies. He founded the Darwin Centre in 1994, aimed at communicating cutting-edge science to young people, and the Pembrokeshire Darwin Science Festival in 2000.
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