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This Review of the Governments science and innovation policies was commissioned by Gordon
Brown, then Chancellor of the Exchequer, as part of the 2007 Comprehensive Spending Review
(see Terms of Reference in Annex A). He asked us to look in particular at the role that science and
innovation can play in enabling the country to compete against low-wage, emerging economies
such as China and India. This we have done enthusiastically because we believe that this is one of
the major challenges the UK faces, and in Chapter 1 we have set out the strategy we believe the

country should adopt if we are to be a winner in “The race to the top”.

In producing our Review we have consulted many organisations, including companies, trade
associations, universities, the Trade Union Congress and government departments. We have
collected their views about the opportunities and barriers to innovation in the UK, and involved
them in the development of new policies. This approach has resulted in a review which we believe
is both innovative and firmly focused on creating the conditions which industry, scientists and
engineers have told us will most effectively stimulate innovation. I would like to thank all those
who have been involved for the proactive and positive approach they have taken, and to thank our
advisory panel (Professor Brian Cantor, Sir John Chisholm, Hermann Hauser, Sir Robin Saxby
and Richard Lambert) for their valuable input. And I would like to acknowledge the excellent

support I have received in producing this Review from the Treasury team led by Sophie Dean.

The Review builds on what we believe is an evidence-based appraisal of our innovation
performance. This is set out in Chapter 2, and shows that in a number of critical areas we are doing
better than is commonly thought. In recent years the share of high-technology manufacturing and
knowledge-intensive services in the UK’s total value added has grown rapidly (Chapter 1), there
has been a dramatic increase in the amount of knowledge transfer from British universities
(Chapter 4) and we are beginning to see the growth of exciting high-technology clusters around
many of our world-class research universities (Chapter 9). At the same time, we continue to
maintain our outstanding record of scientific discovery. In the future it will no longer be necessary
to start every report of this kind with the dreary statement that, while the UK has an excellent

record of research, we have a poor record of turning discoveries into new products and services.

While we believe that our record of innovation is better than is commonly supposed, we have not
yet produced the best possible conditions to stimulate innovation in industry. We see many
opportunities to build on the successful policies that have been introduced in recent years and to
improve our performance, and we have put forward a number of key recommendations covering
the Technology Strategy Board (Chapter 3), knowledge transfer (Chapter 4), science and
engineering education (Chapter 7), government departments (Chapter 8) and the Regional
Development Agencies (Chapter 9). These recommendations cover many areas of government and,

therefore, their implementations will require careful and effective monitoring,.
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In the years ahead, the size of our economy will inevitably be overtaken by countries with larger
populations. But this is not the correct way to measure our performance. We should seek instead
to steadily increase our GDP per head. If we maintain our support for flexible labour markets and
free trade, and invest in the future in areas such as science and innovation, education and the
technological infrastructure of the country, there is no reason why we cannot do so. In today’s fast-

changing world we can be a winner in the “race to the top”, but only if we run fast.
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Lord Sainsbury of Turville
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The best way for the UK to compete, in an era of globalisation, is to move into high-value
goods, services and industries. An effective science and innovation system is vital to achieve this
objective. The UK is internationally renowned for its research base and this status requires
continued support. The Review recommends more effective ways to exploit our investment in
research. Government policy has typically focused on the supply-side factors affecting
innovation; some of these areas need continued attention. The provision of innovation support
is fragmented and a new leadership role for the Technology Strategy Board (TSB) will co-
ordinate across Research Councils, Regional Development Agencies (RDAs) and government
departments. A major campaign to improve science, technology, engineering and mathematics
(STEM) teaching in schools is needed. The Review recommends building on the success of our
knowledge-transfer initiatives in four key areas, and support for early-stage technology
companies. Demand-side factors, such as procurement and regulation, which can play a critical
role in encouraging innovation, have received too little government focus. The Review shows
that value for money and innovation can be complementary objectives in government
procurement and urges government departments and the economic regulators to engage in
emerging technology development in collaboration with the TSB.

THE RACE TO THE TOP

Globalisation brings opportunities and challenges. It provides UK companies with access to new
and larger markets, cheaper intermediate goods and lower prices for consumers, but many of our
companies have to compete with companies in emerging economies, such as China, with wage
costs that can be 5 per cent of the UK’s.

Company strategies based on low costs alone will end up in a downward spiral, each year bringing
a new low-cost competitor. The best way for the UK to make the most of globalisation
opportunities is to support the restructuring of British companies into high-value goods, services
and industries. We should seck to compete with emerging economies in a “race to the top” rather

than in a “race to the bottom”.

The UK is well placed to take advantage of the new markets. We have a flexible labour market, an
extraordinary record of scientific discovery, a large and growing supply of high-quality university

graduates, an open economy and an international outlook.

The shares of manufacturing and services in the UK’s GDP is seen by some as a measure of our
economy’s success or failure. But we should measure our performance by how fast we move into
knowledge intensive goods and services and out of low value-added ones. On this measure,
UK companies have made good progress in recent years and we see plenty of opportunities for

further growth.
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However, there will be increasing competitive pressures on companies across the developed world,
and some adjustment costs. In 1980, less than one-tenth of manufacturing exports came from the

developing world. Today it is almost one-third and in 20 years’ time it is likely to be
one-half.

The speed of this change is likely to lead to calls for protection of domestic markets, resulting in

retaliatory protectionism by other countries and greater adjustment costs in the long run. These

calls should be resisted.

Instead, the Government must provide the essential public goods required for success in a dynamic
and innovative knowledge economy that will enable us to compete against low-wage countries
like India and China. This means comparing all parts of our innovation ecosystem against other

leading countries.

THE NATIONAL INNOVATION ECOSYSTEM

A country’s innovation rate depends on inter-linked activities which include: industrial research;
publicly funded basic research; user-driven research; knowledge transfer; institutions governing
intellectual property and standards; supply of venture capital; education and training of scientists
and engineers; innovation policies of government departments; science and innovation policies of

RDAs; and international scientific and technological collaboration.

The two most commonly used measures of innovation performance are the quantity of industrial
rescarch and the volume of patenting. The UK’s performance is unimpressive on both counts.
However, our performance is greatly affected by the structure of industry. UK companies spend
similar proportions of their sales on R&D as their competitors within a sector, but have a stronger
presence in successful sectors where little, if any, R&D investment as a percentage of sales (e.g. oil
and gas, financial services) is reported. This suggests that rather than seeking to raise the amount

of research performed by all industries we should focus our efforts on the four major goals

developed by the TSB:

*  to help our leading sectors and businesses to maintain their position in the face of
global competition;

° to stimulate those sectors and businesses with the capacity to be among the best in
the world to fulfil their potential;

° to ensure that the emerging technologies of today become the growth sectors of

tomorrow;

®  to combine all these elements in such a way that the UK becomes a centre for
investment by world-leading companies.

Trends in publicly funded R&D show that there has been a steady increase in the amount of
money spent by the Research Councils, but a decline in government department funding of R&D
as a percentage of GDP, mainly accounted for by a decline in MOD spending. This is of concern
for the quality of our public policy-making, and the stimulation of innovation in the companies

with which government departments interact.
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Research outputs from publicly funded R&D remain, however, of a very high standard. On the
latest data (2004), the UK was ranked second in the world to the USA in its share of world
publications (9 per cent) and world citations (12 per cent). The UK is a more consistent performer
across the range of research disciplines than most other countries, ranking second in the world in

seven of the ten disciplines.

The policy response to the UK’s innovation performance needs to consider two cross-

cutting issues:

1. The different requirements of manufacturing and services: we need to build up
skills in the management of fragmented manufacturing chains, and to focus our
research efforts and skills development on the complex, high-value production

activities likely to be successful in high-cost economies.

We need to understand better how innovation takes place in the very different
industries which make up the services sector, so that the Departments for Innovation,
Universities and Skills (DIUS) and for Business, Enterprise and Regulatory Reform
(DBERR) can apply their current policy initiatives more effectively.

2. The role of Higher Education Institutions (HEIs) in the knowledge economy:
HEIs play an increasing role in the economy and the UK, with its world-class
universities, is well placed. A diversity of excellence is required, with research
universities focusing on curiosity-driven research, teaching and knowledge transfer,
and business-facing universities focusing on the equally important economic
mission of professional teaching, user-driven research and problem-solving with
local and regional companies. Research, teaching and knowledge transfer are
fundamental roles for any HEI. But the way these are done will be very different
and some students will be attracted by one type of educational experience and

some by the other.

POLICY RECOMMENDATIONS

A new leadership role for the TSB. The TSB has a key role to play in addressing the fragmented
technology and innovation landscape in the UK. Chapter 3 describes how its transformation into
a business-driven Executive Non-Departmental Public Body in July 2007 has the potential
substantially to improve the UK’s innovation performance. The Review recommends that the TSB
is given a new leadership role, working with the RDAs, the Research Councils, government
departments and the economic regulators to co-ordinate public sector technological innovation
activity, leverage public sector resources and simplify access to funds for business. With increased
resources the TSB should extend into new areas, such as the services sectors (including the creative
industries) in which technological innovation is important. It should develop an international
strategy, and it should work more closely with UK Trade and Industry (UKTI) to enhance the UK’s

position as a centre for investment by world-leading companies.

Building on our success in knowledge transfer. The translation of university research into
commercial goods and services has significantly increased in the past decade. The number of spin-
off companies, the number of patents, the income from licensing agreements and the income from
business consultancy have all increased (see Chapter 4). The performance of our universities in this
area is now comparable with US universities. We are also seeing significant clusters of high-
technology businesses growing up around our world-class research universities (see Chapter 9).

Chapter 4 outlines the four main areas in which the UK can strengthen its knowledge transfer
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performance. The Higher Education Innovation Fund (HEIF), which makes a significant
contribution to knowledge transfer activity, should move to a fully formulaic basis and increase
support for knowledge transfer between business-facing universities and local small and medium-
sized enterprises (SMEs). The Research Councils (RCs) should agree and be measured against firm
knowledge transfer targets, including specific targets for knowledge transfer from their own
institutes, and for the funds they will be spending on collaborative R&D through the TSB. The
successful Knowledge Transfer Partnerships (KTPs) that place newly qualified graduates in
companies, and for which there is high industry demand, should be doubled in number, subject to
the Business Support Simplification Programme (BSSP). To improve access for SMEs, a shorter,
more flexible, mini KTP scheme should be introduced, subject to the BSSP. The Review sees
considerable scope for further education (FE) colleges to help raise the innovation performance of
SMEs and recommends that KTPs are further extended to FE colleges.

Using intellectual property rights, standards and metrology to improve knowledge transfer.
Effective knowledge transfer requires specific institutional arrangements to pass knowledge from
research establishments into wealth-creation and public policy-making, and an infrastructure of
intellectual property rights, standards and metrology. Historically, the information contained in
patent databases has not been fully exploited, with estimates that up to 30 per cent of worldwide
R&D projects are merely a duplication of existing technology. Chapter 5 recommends that more
effective use be made of the UK Intellectual Property Office (UKIPO) patent registration database,
through open access and electronic searching. Education and outreach programmes initiated by
UKIPO should be extended to better inform potential innovators. Standards institutions, such as
the British Standards Institute (BSI), should be adequately represented within the TSB Knowledge
Transfer Networks to enable the speedy dissemination of knowledge derived from standards.
Finally, the Review recommends that the proposed AIMtech incubation facility at the National
Physical Laboratory is supported. AIMtech will allow the rapid commercialisation of metrology

expertise.

Targeted support for early-stage high-technology companies. Venture capital forms an integral
part of the innovation system by providing a vital early-stage source of finance and management
and market experience. However, Chapter 6 shows that eatly-stage high-technology start-ups have
experienced some difficulties in attracting equity finance, due to the specific risks involved in these
investments. The Review recommends that, subject to the BSSE, a nationally-agreed specification
for proof-of-concept funding should be developed to provide initial funding to entrepreneurs.
Together with other recommendations, such as reforms to the Small Business Research Initiative,
the new formula for HEIF and the support of RDAs for incubators, high-technology clusters and
business-readiness services, this should provide a significant boost for investment in early-stage

high-technology companies.

A major campaign to enhance the teaching of science and technology. Demand for science,
technology, engineering and mathematics (STEM) skills will continue to grow. The UK has a
reasonable stock of STEM graduates, but potential problems lie ahead. There has been a 20-year
decline in the number of pupils taking A-level physics. The Review recommends a major campaign
to address the STEM issues in schools. This will raise the numbers of qualified STEM teachers by
introducing, for example, new sources of recruitment, financial incentives for conversion courses,
and mentoring for newly qualified teachers. The Government should continue its drive to increase
the number of young people studying triple sciences, and consider entitlement for all pupils to
study the second mathematics GCSE (due to be introduced in 2010). The Review believes that
there is a major need to improve the level of career advice given to young people, so that they are

aware of the exciting and rewarding opportunities open to those with science and technology
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qualifications. It welcomes the recent appointment of a national STEM careers co-ordinator and
the “Careers from Science” website and suggests that careers advice be built into the curriculum for
pupils and into Continuing Professional Development (CPD) for teachers. The rationalisation of
extracurticular STEM schemes is supported, with suggestions for those schemes that should be
taken forward, including a national science competition. The Higher Education Funding Council
England (HEFCE) “Strategic and Vulnerable Subject Advisory Group” should be turned into an
“Advisory Group on Graduate Supply and Demand” which produces an annual report detailing
the number of students graduating in particular subjects, how easily graduates get jobs in particular
areas, and in what areas industry foresees shortages of graduates arising. The Review believes that

such a report would be very valuable for students, Vice-Chancellors and government.

A key role for government departments. Government departments can play an important role in
stimulating innovation in the companies with which they interact, but in the absence of a clear
directive and adequate resources, they are failing to meet the challenge. Innovation should be
embedded in Departmental Strategic Objectives and the Director of Innovation at DIUS should
produce an annual Innovation Report on the innovation activities of the DIUS, including the TSB,
other government departments and the RDAs. Chief Scientific Advisors should work more
effectively with their departments and with the Treasury spending teams to agree and manage their
R&D budgets, and together to identify and act on cross-cutting areas of research. The Review
welcomes the “Transforming Government Procurement” report and recommends that the
Government urgently press ahead with plans to improve procurement capability. Good
procurement practice can achieve innovation and value for money. The Small Business Research
Inidative (SBRI), by which departments spend 2.5 per cent of their R&D budget on research
contracts with SMEs, should be reformed to resemble more closely the successful US scheme. SBRI
should fulfil departmental objectives and provide valuable support to early-stage high-technology

companies. It should be managed in conjunction with the TSB.

Increasing regional focus and resource on science and innovation. National policies create a
framework for innovation but the locus of much innovation is at the regional level where
employees, companies, universities, research institutions and government interface more directly.
There is increasing recognition of the potential of RDA science and innovation polices to drive
regional economic growth. The Review recognises the progress made so far by the RDAs to support
science and innovation and recommends that further resources are directed to four specific areas,
subject to the BSSP: TSB programmes; Knowledge Transfer Partnerships between universities and
business; high-technology clusters around world-class research universities; and proof-of-concept

schemes consistent with a nationally agreed specification.

Linking up with centres of excellence around the world. International collaboration is important
if the UK is to stay at the leading edge of world science and innovation and benefit from the 90
per cent of the world’s scientific output that is produced elsewhere. The UK needs to make this
collaboration a core part of its strategy, and to improve co-ordination of the UK bodies involved.
The Review recommends that a number of the Global Science and Innovation Forum (GSIF)
proposals be put into immediate effect: Research Councils should focus resources into single points
of contact in key countries; a new fellowship scheme and alumni network should be set up by the
Royal Society, with support from the other academies; the TSB should develop an international
strategy; the Science Bridges scheme, establishing formal links with universities overseas, should be
extended; and the Director-General of Science and Innovation should work with the USA to solve

“the double jeopardy” issue for scientists.
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A GLOBAL LEADER IN SCIENCE AND INNOVATION

The UK has made good progress in recent years in meeting the challenge of globalisation and
upgrading its industry, but we should not underestimate the speed of change in the world

economy, and the need to improve the innovation ecosystem.

Companies have to innovate, and so does government. In addition to policies that create the
best possible conditions for companies to innovate and grow, the UK needs a vision of our role
in the global knowledge economy, and a strategy to ensure we are one of the winners in the “race

to the top”.

The UK should be a country famed for its innovation as well as its outstanding record of discovery;
a country that invests in business R&D, education and skills, and exports knowledge-intensive
goods and services to the world. We should seek to be a country that enjoys strong science and
technological links with the best research around the world, so that we can stay at the cutting edge.
The UK should be the partner of choice for global businesses looking to locate their research, and

for foreign universities seeking collaboration with the science base or business.

Finally, we should be a country to which talented entrepreneurs and world-class companies come
from around the world to perform research and set up high-technology companies, attracted by
the quality of our research, by the strong links between our universities, research institutes and
industry, by geographic clusters of high-technology companies, by their ability to raise finance,

particularly venture capital, and by our quality of life.

It is not possible to predict where the new jobs will emerge in the future but it is possible to see
many opportunities for UK companies to create new products and services, and new industries in
areas as diverse as acrospace, pharmaceuticals, biotechnology, regenerative medicine, telemedicine,
nanotechnology, the space industry, intelligent transport systems, new sources of energy, creative
industries, computer games, the instrumentation sector, business and financial services, computer

services and education.

At no time since the Industrial Revolution has the restructuring of global economic activity been
so great, and we need to accept that China and India are now seeking to upgrade their industries.

We can be one of the winners in “the race to the top”, but only if we run fast.
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INTRODUCTION

1.1 Globalisation means living in a world of opportunities and challenges. China, Russia and
other emerging economies, which were once barricaded behind political and trade barriers, are
opening up many opportunities for European exports. In 2003 alone, China’s share of EU15
exports increased by 40 per cent, as it overtook Japan in importance as a destination for European

exports. Consumers are also benefiting from lower prices for goods and services bought abroad.

1.2 At the same time many UK companies are having to meet the challenge of competition
from firms in emerging economies, where wages can be a tiny fraction of the UK’s. Competition
for capital, the rising tradability of goods and services and the unprecedented increases in the world
supply of workers prompt concerns that globalisation is leading to downward pressure on low
skilled wages and that advanced economies can no longer levy a fair share of taxation from capital,
and must lower labour and environmental standards for fear that companies and jobs will go
elsewhere. As a result, protectionist sentiment can increase based on the view that these countries

are locked in “a race to the bottom”.

1.3 But the reality is very different. The gains from globalisation should allow all members of
society to become better off and, by investing in skills and a productive science base, more people
can be given the opportunity to access these gains and share in the benefits of a more globalised
world. Countries have not lost their ability to regulate and tax their economies, as the highly taxed
but internationally competitive Nordic countries demonstrate. Quality outputs commanding high
prices can only be made with quality inputs: skilled labour, a productive science base and an
attractive business environment. Taxes well spent will boost an economy’s productivity, and the
evidence suggests that efforts by national governments to compete for foreign direct investment
(FDI) through low standards or lax enforcement of environmental protection are likely to be

unsuccessful and counterproductive.

1.4 So we should not see ourselves as competing with developing countries in “a race to the
bottom”, but in “a race to the top”. The advanced economies cannot and should not seek to
compete internationally on the basis of low wages. Company strategies that depend on low costs
will end up in a downward spiral, where each year brings a new competitor: today the coastal

regions of China, tomorrow the interior of China, or Vietnam and Indonesia.

15 Countries such as China and India will not be content for long on the lower rungs of the
economic ladder, remaining forever in mass production manufacturing based on low technology,
low wages and low skills. They are determined to improve the quality of their goods and services,

increase their rates of innovation, and move into high-value-added goods and services.!

! Broadly, “value added” is the difference between the costs of inputs purchased from other firms and the value of
output produced.
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1.6 The UK is in a strong position to respond to these challenges. Macroeconomic stability,
flexible markets and openness to competition has made the UK home to world-class business. The
UK’s financial markets, pharmaceuticals, creative industries and high-technology manufacturing
are thriving and will continue to improve under a strong business environment. The challenge for
the UK, therefore, as for other developed countries, is to continue to upgrade our knowledge and
skills and move into new high-value-added goods and services and new high-value-added

industries. This means that science and innovation has to be at the top of our agenda.

THE OPPORTUNITIES AND CHALLENGES OF GLOBALISATION

1.7 The word “globalisation” has been used loosely to describe many changes in our economy
and society in recent years. It is, therefore, important to focus on the central idea: that changes in
the international economy are leading to the emergence of a single world market for labour, capital
goods and services. Globalisation today is the product of a number of political, economic and
technological changes that have provided huge benefits to the global economy, including lifting

millions of people out of poverty.

1.8 First, improvements in communications and transport technologies have significantly
lowered the cost of moving information, goods and services across long distances (Chart 1.1),
making global operations easier and faster. Technological advances in communications systems and
falling costs of communication have facilitated global transactions and improved information
flows, enabling the fragmentation of global manufacturing chains. Software programming, call-
centre services, back-office operations, medical transcription, legal and accounting services can all
be provided remotely from other countries through increasingly efficient information and
communications technologies. This is a two-way flow of goods and services: it provides new
sources of imports and new markets for exports. The UK benefits from both flows. Business is able
to restructure production, taking advantage of the opportunities being offered in emerging
economies to reduce costs, while the same technological breakthroughs create the means to access

new markets and to export increased numbers of high-value goods and services.

1.9 Major technological advances in transportation have significantly lowered the costs and
increased the quality of global transport infrastructure. This has extended the reach of firms,
making new markets accessible, and promoted trade based on comparative advantage. The shift
away from shipping manufactured goods to air transport, combined with a reduction in the
average ocean shipping time from 40 days to 20 days, has reduced the tariff equivalent of time costs
from 32 per cent to 9 per cent.”? Reductions in delivery time increase market responsiveness and

allow for improved business practices, such as just-in-time delivery.

* Time as a trade barrier, Hummels D., working paper, Purdue University, 2001.
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Chart 1.1: Costs of transport and communications
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October 2007

barriers efficient allocation of productive resources by providing a competitive advantage to domestic
producers in markets that would be better served through trade. They limit competition, impose
costs on consumers and taxpayers and, worst of all, prevent developing countries from accessing
vital international markets. Tariffs are highest in those sectors where the developing world has a

comparative advantage: agriculture and labour-intensive goods.

1.11  Between 1981 and 2005, tariff barriers fell in most countries. Since 1988, average applied
tariff rates have more than halved in the USA and fallen by over 70 per cent in the EU. As Chart
1.2 shows, this pattern has been played out in all broad country groups. But there is a long way to
go and it is vital not to become complacent. The Doha Development Agenda, launched by the
World Trade Organization in 2002, is key to this progress.
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Chart 1.2: Average applied tariff rates
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1.12 Third, new markets have emerged and, with them, vast numbers of hard working, highly
motivated and relatively cheap workers have entered the world economy. Within the past 20 years,
the size of the global economy has increased following the adoption of freer market policies and
the integration of several economies into the global trading system — most notably China and
India, but also Central and South America, the former Soviet Union and other parts of Asia.

1.13  The balance of global activity is shifting from Europe and the USA to Asia. As Chart 1.3
illustrates, China and India’s share of world GDP has increased significantly since 1990 while the
G7 countries’ share has decreased in the same period. Asia may account for over half of global
growth over the next 15 years, by which time China and India are individually forecast to be bigger
than the UK, French and German economies combined (in purchasing power parity terms). The
emergence of new economies offers potential benefits to all countries. The new markets will add
approximately 1 billion consumers to the world market, and China and India’s combined share of

global expenditure is expected to double over the next 15 years.
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Chart 1.3: Share of world GDP (purchasing power parity)

Share of World GDP in 1990 (PPP) Share of World GDP in 2006 (PPP)

[ Other 38%
[1G741%
[ JIndia 6%
[ Other 42% [ China 15%
[ G7 48%
[ India 4%
[ China 6%

Source: IMF

THE FRAGMENTATION OF THE MANUFACTURING CHAIN

1.14 To understand what is happening in the world economy, it is also necessary to be aware of
one other change taking place in parallel with globalisation that has had a major impact on the
location of industry. Manufacturing that used to be contained within the four walls of a single
factory can now — through the use of digital technologies and improvements in communications
and transport — be broken down into modules distributed (potentially) around the world. This has

produced a fragmentation of the manufacturing chain.

1.15  Manufacturing is a sequence of functions, covering R&D, design, supply management,
production, distribution, logistics and sometimes the provision of after-sale services. New
technology has made the co-ordination of these activities across distances much easier, even when

the different stages are located in different countries.

1.16  This fragmentation of manufacturing can speed up the rate of innovation because it is
possible to flexibly pull together combinations of sophisticated components that were invented for
quite different purposes. The Apple iPod could move from concept to market in less than a year

because it combines components that were already being made by others.

1.17  Modularity such as this opens up opportunities for innovation, but it also creates more
competition at each point along the value chain. Fragmentation of the manufacturing chain
increases the competition faced by any production being performed in-house, because each module
faces rivals that are concentrating their resources on producing that module better than anyone
else. As a result, each activity that a company keeps in-house has to be tested against the best-in-

class competitors from around the world.
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1.18  Fragmentation is a mode of specialising and making the most of comparative advantage.
UK firms can increase their productivity and reduce prices by outsourcing the parts of their
production chain more efficiently located in other parts of the world. The increased productivity
in domestic firms derived from outsourcing is great enough that it has been found to have positive

employment effects that outweigh the initial loss of jobs from outsourcing.?

1.19 Outsourcing is also a two-way channel. Whilst UK firms outsource the low cost, repetitive
tasks from their production chain, they are benefiting from increased demands for goods and
services from firms in other countries looking to outsource parts of their production chain. This

increase in trade underlies the rise in UK exports of services such as those shown in chart 1.7.

1.20  Fragmentation, therefore, has two important policy implications: first, we should accept
that companies may have to outsource some part of their manufacturing chain to compete. At the
same time, Britain has the opportunity to attract parts of the manufacturing chains of foreign

countries.

1.21 Second, in every industry we should focus our innovation, our inward investment policies,
and our export promotion activities on the knowlege-intensive parts of the manufacturing chain.

In some cases this will be R&D and design; in other cases it will be the production process itself.

A STRATEGY TO COMPETE IN THE GLOBAL ECONOMY

1.22 Globalisation opens up many new opportunities for companies in developed countries,
and the UK is in many ways well placed to take advantage of them. We have a flexible labour
market, an extraordinary record of scientific discovery, a large and growing supply of high-quality

university graduates and an open economy with an international outlook.

1.23  But there will be some adjustment costs and we should not underestimate the competitive
pressures that globalisation will put on companies in the developed world. Globalisation has led to
a major restructuring of global economic activity. In 1980 less than a tenth of manufacturing
exports came from the developing world; today it is almost 30 per cent. China alone is producing
70 per cent of the world’s photocopiers, 50 per cent of cameras, 40 per cent of microwaves and

25 per cent of textiles. India is making huge strides forward in the services sector.

1.24  These challenges have led to calls for increased protection of domestic markets, support
for restrictions on foreign ownership, resistance to foreign goods, an unwillingness to allow
currencies to adjust to export strength and a slowdown in world trade talks. Globalisation may be
beneficial for the whole economy, but without effective transitional support it is likely to impose

high costs on some individuals, particularly unskilled workers.

1.25  However, calls for protectionism need to be resisted as it will always provoke protectionism
in others. Such protectionism is short-sighted and in the long run leads to greater adjustment costs
than if global change is welcomed and policies which allow the economy to restructure are
implemented. Most economists would argue, and experience demonstrates, that open trade
between nations leads to higher employment and a higher standard of living than that achieved in
closed economies. The Government has had a strategy in place for a number of years to help
companies succeed in the global economy, by focusing on policies to raise productivity through the

five drivers: innovation, skills, competition, investment and enterprise.

> Amit, Mary and Shang-Jin Wei, Fear of Service Qutsourcing: Is It Justified? NBER Working Paper number
10808, September 2004.
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126 A nation’s standard of living over a period of years depends on the rate of productivity
growth and levels of employment. Productivity depends on the quality of products, the prices that
they can command in the marketplace and on the efficiency with which they are produced. For a
nation to achieve sustained productivity growth it needs to continually upgrade its economy. Its
companies must increase their productivity in existing industries by improving product quality,
adding new and attractive features, using new product technology and raising production
efficiency. And an upgrading economy must develop the capability to compete in new and more

sophisticated industries, where productivity is generally higher.

1.27  In a race to the bottom, cheap labour and a “favourable” exchange rate may be the best
ways to achieve competitiveness, but in a race to the top, the goal for companies must be to develop
the products and services that command premium prices in international markets and which can

support high wages.

1.28  The best strategy for the UK and other developed countries is to recognise that we have a
comparative advantage in knowledge-intensive industries, and to continue to build a strategy based
on openness, flexibility and investment in knowledge and skills that enhances our comparative
advantage. This strategy will lead to a better response to globalisation than would protectionism
and fear of change and will enable companies to produce more knowledge-intensive goods and
services and move more quickly into the new knowledge-intensive industries. Companies translate
new ideas into new products and services, or new processes and production methods and it is

support for this innovation that will help boost productivity and standards of living.

THE RESTRUCTURING OF THE UK ECONOMY

1.29  The challenges of globalisation have created substantial pressures for economies to move
away from historic areas of strength and to focus on those where they can maintain the biggest
possible comparative advantage in the future. This is already happening in some areas of the
economy. In the UK, and most OECD countries, there has been a decline in manufacturing as a
percentage of GDP and a commensurate increase in services. In 1970, manufacturing accounted
for 32 per cent of UK output. In 2003 it accounted for 16 per cent, due in part to increased
productivity and increased incomes which lower the proportion of income spent on manufactured

goods.
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Chart 1.4: UK GDP shares
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1.28  However, the rise of services and relative decline of manufacturing conceals a more
interesting story of economic restructuring towards higher value-added, knowledge-intensive
sectors. The following chart shows how manufacturing growth in high-technology subsectors, such
as aerospace, pharmaceuticals and computer manufacturing, and knowledge-intensive services
(e.g. financial intermediation) has outstripped growth in low-technology sectors. The shift has
been especially pronounced in the UK. Chart 1.5 shows how the contribution of high-technology
manufacturing and knowledge-intensive services to value added has changed over time in the UK,

France, Germany, USA and Sweden.

3 The definition of high-technology manufacturing is based on the OECD definitions of high, medium-high,
medium-low and low-technology manufacturing, which are based on R&D intensity. The definition of high-
technology used here is the combination of both high and medium-high. Knowledge-intensive services are
defined as communication services, finance services, insurance services, other business services and community,
social and personal services.
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Table 1.1: Shares in value added, by sector (per cent of gross value-added)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
UK
High-tech manufacturing 8.0 8.4 8.7 8.5 8.4 8.0 7.7 7.2 6.8 6.2
Low-tech manufacturing 12.3 12.3 12.4 12.2 12.0 11.4 10.9 10.2 9.7 9.0
Knowledge services 28.4 28.7 28.4 29.0 29.8 31.1 31.4 32.1 32.5 34.3
Other services 39.6 39.0 38.9 38.6 38.8 39.3 39.9 39.7 40.2 39.9
High-tech manufacturing
and knowledge services 36.4 37.1 37.1 37.5 38.2 39.1 39.1 39.3 39.3 40.5
France
High-tech manufacturing 6.9 7.0 7.3 7.2 7.6 7.7 7.7 7.5 7.6 7.4
Low-tech manufacturing 11.5 11.3 11.3 11.1 11.0 10.9 10.5 10.6 10.5 10.5
Knowledge services 28.4 28.3 28.1 28.9 28.9 28.8 29.5 30.3 30.3 30.8
Other services 42.2 42.4 42.4 42.3 42.7 42.9 42.8 42.2 42.2 42.1
High-tech manufacturing
and knowledge services 35.2 35.4 35.4 36.1 36.5 36.5 37.2 37.8 37.8 38.1
Germany
High-tech manufacturing 11.9 11.7 11.6 11.4 11.6 11.8 11.6 11.9 12.1 -
Low-tech manufacturing 11.7 11.4 11.1 10.8 10.7 10.8 10.6 10.6 10.4 -
Knowledge services 29.1 29.0 29.2 29.6 30.1 30.3 31.1 31.2 31.2 -
Other services 36.5 36.9 37.5 37.8 37.8 37.7 37.7 37.9 38.3 -
High-tech manufacturing
and knowledge services 41.0 40.8 40.7 41.0 41.6 42.1 42.7 43.1 43.3 -
USA
High-tech manufacturing 7.2 7.4 7.3 7.2 7.2 7.3 7.0 6.9 6.0 5.9
Low-tech manufacturing 9.4 9.4 9.5 9.3 9.2 9.1 9.1 8.8 8.4 8.1
Knowledge services 31.4 31.0 31.5 31.9 32.4 32.9 33.3 33.7 34.2 34.3
Other services 43.4 43.3 43.1 42.7 42.5 42.3 42.2 41.9 42.6 43.3
High-tech manufacturing
and knowledge services 38.6 38.4 38.8 39.0 39.6 40.2 40.3 40.6 40.3 40.1
Sweden
High-tech manufacturing 8.5 9.6 10.1 10.2 10.5 10.9 11.1 10.7 9.5 9.5
Low-tech manufacturing 10.3 10.9 12.2 11.4 11.4 11.3 10.9 11.4 11.2 10.7
Knowledge services 26.7 25.9 25.9 26.8 27.1 27.5 28.3 29.9 30.9 31.2
Other services 43.1 42.6 41.4 41.5 41.3 40.9 40.8 39.5 39.2 39.4
High-tech manufacturing
and knowledge services 35.2 35.5 35.9 37.0 37.5 38.4 39.3 40.6 40.3 40.8
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Chart 1.5: Contribution to value added of high-technology manufacturing
and knowledge-intensive services
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129 In the UK between 1992 and 2002, the share of high-technology manufacturing and
knowledge-intensive services in total value added increased by over 12.5 per cent (Table 1.1). This
compares with less than 10 per cent in France and less than 5 per cent in the USA. Knowledge-
intensive services (primarily financial intermediation) have led this shift, increasing by 23 per cent.
High-technology manufacturing has fallen as a share of total value added, but less than the low-
technology end of the sector. At a more disaggregated level, some high-technology manufacturing

sectors, such as pharmaceuticals and the manufacture of aircraft, have shown robust growth rates.

4 DTT analysis of HMRC data.
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1.30  In manufacturing, growth has averaged approximately 0.5 per cent over the past decade,
but there is a wide dispersion of rates among different sectors (Table 1.2). The chemicals and man-
made fibres, electrical and optical equipment, and transport equipment sectors have experienced
average growth rates in excess of 2 per cent per annum over the period 1995-2006, while more-
traditional sectors have declined. In 1981, 8.4 per cent of UK goods exports were classified as high-

technology. In 2006, this had risen to 25.7 per cent.®

Table 1.2: Average annual growth rates by sector, UK, 1995-2006

Sector Average annual
growth rate

1995-2006

(per cent)

Chemicals, chemical products and man-made fibres 2.6
Transport equipment 2.3
Electrical and optical equipment 1.2
Other manufacturing 0.9
Other non-metallic mineral products 0.8
Food, beverages and tobacco 0.4
Basic metals and fabricated metal products 0.3
Machinery and equipments not elsewhere classified 0.3
Wood and wood products -0.3
Rubber and plastic products -0.5
Pulp, paper and paper products; publishing and printing -1.2
Coke, petroleum products and nuclear fuel -1.7
Textiles and textile products -4.9
Leather and leather products -8.6
Total manufacturing 0.5

131 The OECD cdlassifies manufacturing industries as high-technology, medium-high tech,
medium-low technology and low-technology based on their R&D intensity in 12 OECD
countries. In the UK, the three sectors with the highest growth rates are classified as a mixture of
high and medium-high technology and those with the lowest growth rates are classified as low and

medium-low technology.

1.32  In the past ten years in the manufacturing sector, the UK has begun to move away from
low-value production processes and towards the higher value processes. More low-value
intermediate and final goods have been imported, reducing costs for both firms and consumers,
while productive resources in the UK are shifted to higher value manufacturing processes. But
minimising these adjustment costs involves investment in skills to augment the move to higher
value activities, incentives for science and innovation and an attractive business environment.
Many dimensions of locating in the UK involve higher costs than in emerging competitor
countries; the UK must create an environment in which the value added from locating in the UK

offsets these higher costs.

Sainsbury Review 19



The race to the top

20

Sainsbury Review

1.33  Restructuring has the potential to expand service sectors; new opportunities created by
information and communications technologies have not yet been fully exploited. As in the
manufacturing sector, the average growth rate of services masks a wide distribution of sector
growth rates. At a more disaggregated level, high growth rates can be observed in a number of
knowledge-intensive service sectors (Chart 1.6): financial services, business services and computer

and related activities have all increased substantially as a share of total economy value added.

Chart 1.6: Services value added
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1.34  Asimilar trend is apparent in UK service exports; the share of financial services, computer
and information services, other business services and personal, cultural and recreational services
have increased significantly over the period 1995-2005. The trebling in the total value of other
business service exports over this time period can be broken down further (Chart 1.7), revealing

the knowledge-intensive activities that underpin this increase.
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Chart 1.7: Other business service exports
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1.35  The share of high-tech manufacturing and knowledge service sectors in the economy is a
crude way of looking at industrial restructuring. There will obviously be some high-technology
manufacturing companies and knowledge-intensive service companies in industrial sectors that are
not, as a whole, high-technology or knowledge-intensive. But it nevertheless seems to us to provide
a better picture of the restructuring in the economy than simply looking at the percentage of GDP
that manufacturing and services represent. It is more useful because it focuses attention on the key
policy issue: the extent to which companies are moving into high-technology or knowledge-
intensive areas where they are likely to be better able to compete against low-wage emerging

economies.

THE CHALLENGE FOR GOVERNMENT

1.36 As has been shown, it would be an error to ignore globalisation and to retreat into
protectionism. It would be expensive for developed countries and destructive of the opportunities
for billions of people in the developing nations. If economic co-operation breaks down it will also
be more difficult to bring about the international co-operation necessary to deal with global

challenges such as climate change, the spread of infectious diseases and terrorism.
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1.37  But while globalisation is a necessary condition for prosperity, it is not a sufficient one. If
the UK is going to maintain its competitive advantage in knowledge-intensive industries, the
Government must produce the best possible conditions for companies to innovate and grow, as
well as a set of social institutions that will deliver equality of opportunity and broad-based gains in
living standards. The Government must ensure that national prosperity does not come at the
expense of social mobility, social justice and a sense of economic security. If the gains for all of

society are not clear to people, we can be certain that the pressures for protectionism will grow.
peop p p g

1.38  The challenge, therefore, is not to hide behind trade barriers and engage in a race to the
bottom, but to refocus government so that it supports knowledge generation, innovation,
education, training, infrastructure development and labour market policies that can give those who
lose their jobs the opportunity to retrain and switch employment, maintaining their standard of
living. In today’s global economy, investment in science and innovation is not an intellectual luxury
for a developed country, but an economic and social necessity, and a key part of any strategy for

economic succcess.
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FACTORS AFFECTING A COUNTRY’S INNOVATION
PERFORMANCE

2.1 An economy’s rate of innovation depends on a range of activities and the links between
them. To provide the best conditions for companies in the UK it is necessary to consider an

innovation ecosystem and not a number of disconnected policies.

22 Companies may take the lead, but do not innovate in isolation. They collaborate with and
compete against other firms, who can be suppliers, customers or competitors. They also interact
with other organisations such as banks, venture capitalists, universities and research institutes, and
those public agencies responsible for areas such as competition policy, drug regulation and
intellectual property rights (IPR).

2.3 The knowledge produced in industry, universities and government research institutes is
clearly a key input for any innovation ecosystem. Research performed by industry itself correlates
most closely with the innovation performance of countries, making it the most important single

input.

24 The second key input is government-supported research, both basic research and applied
or user-driven collaborative research (Chapter 3). There are those that argue that government
should only support basic research, and that companies should be left to perform user-driven
research. Against that, some argue that we can get basic knowledge from anywhere in the world,
and that government should concentrate on funding the collaborative user-driven research that will

be of most value for UK companies.

2.5 This Review believes that it is essential that government supports both. The majority of
radical innovations spring from basic research, and such work is necessary to supply the trained
researchers for industry. Both new and established high-technology companies want to work with
world-class research universities. This report will show that it is around our world-class research

universities that high-technology clusters are forming.

2.6 A strong economic case can be made for government to support user-driven collaborative
research. New knowledge — produced by research — is a classic “public good”, in the economic
sense: the value of its benefits cannot be completely captured by whoever produces it but spills over
into the rest of society. Private firms alone, in secking to maximise their returns, will undertake less
research than is socially optimal. There is a strong argument for government to support companies’
research activities. This is one reason why this Review thinks the role of the Technology Strategy
Board (TSB) should be expanded.

2.7 Although research is of great importance to any innovation ecosystem, little is to be gained
from research in universities, research institutes and further education (FE) colleges if there are not
strong links between the researchers and industry, and that is why knowledge transfer, and

incentives for it, are so important (Chapter 4).
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2.8 The innovation performance of companies is also shaped by institutions — that is, the
established practices, rules or laws that regulate the relations and interactions between individuals,
groups and organisations: IPR being one example, metrology another. Standards, such as the GSM
telecommunications protocol that was so important to the growth of mobile communications in
Europe, are another example (Chapter 5).

2.9 Innovation always involves risks, particularly when it is radical innovation carried out by
new, high-technology, fast-growth businesses. The scale and skill of a country’s venture capital
industry, as a repository of risk capital, is therefore crucial to the success of a country’s innovation
ecosystem (Chapter 6).

2.10 A highly skilled workforce is essential. Skilled labour is probably the least mobile factor of
production, making the domestic system of education and training a key part of any innovation

ecosystem and of crucial importance for policy-makers (Chapter 7).

2.11  Innovation is not a simple linear process in which research comes first, followed by
development and then production and marketing. While the quality of basic research performed
by a country is extremely important, there is no innovation pipeline into which public money can

be pumped to make new technology and commercial applications pop out the other end.

2.12 Successful innovation is produced by creative interaction between demand and supply
factors. Users now play a significant role. In the old industrial model the world was divided into
producers and consumers, but we are now seeing cases of co-creation, innovation increasingly

occurs on both sides of the cash register.!

2.13 It is easier to influence the supply side of the process, and so policy-makers have tended to
concentrate on these factors. However, the importance of demand-side factors should be
recognised. The procurement policies of government departments can be a crucial factor in a
country’s innovation performance. Regulations produced by government departments can have an
important impact, in some cases stifling innovation, but stimulating it when the regulations are

drafted in the right way (Chapter 8).

2.14 Although national policies create a framework for innovation, the locus of innovation is at
the regional level where workers, companies, universities, research institutions and government
meet more directly. Regions are the building blocks of national innovation capacity because they
offer the proximity vital for collaborative relationships and can provide the specialised assets such

as research institutes that enable companies to develop their innovative potential (Chapter 9).

2.15  Finally, the national rate of innovation in the global economy cannot be seen in isolation
from the commercial and technological developments in other parts of the world. To stay at the
cutting edge of world innovation one needs to engage actively and collaboratively with other

centres of excellence. Rising global prosperity has a positive effect on our own economic success
(Chapter 10).

2.16 It can be seen then that a large number of factors affect a country’s innovation rate, many
of which can be influenced by government. If we want to develop our innovation ecosystem, we
need to assess our innovation performance as a country. Then, we can look at the different factors

that affect it and benchmark them against other countries.

! See, for example, Democratising Innovation, Hippel E. Von, 2006.
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TRENDS IN PRIVATE SECTOR R&D

2.17  While it is an input rather than an output, one of the most important measures of a
country’s innovation performance is the amount of research done by industry. Business enterprise
R&D (BERD) performed in the UK has shown a slight downward trend as a share of GDP since
1990. Most advanced economies, with the exception of Japan, have experienced fairly steady levels
of R&D to GDP since the turn of the century, while China has shown rapid growth in the ratio.
These economies have in common a long-term rebalancing towards services and away from

manufacturing sectors.

Chart 2.1: International comparison: BERD as per cent of GDP
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2.18  In the UK, the growth in BERD in real terms has been dominated by two broad industrial
sectors: pharmaceuticals and aerospace. Services, which now account for over 70 per cent of gross
value added in the UK, are innovative, but do not undertake R&D in the traditional sense. Some
service sectors, such as computing and telecommunications, spend a great deal on R&D -
information technology (IT) services were ranked sixth out of all sectors in 2003. However,
research commissioned by the then-Department of Trade and Industry (DTT) suggests that while
“invention” is well captured in R&D spending, innovation is a more complex process, especially
in services. As a result, innovative activity there is often inadequately captured by R&D figures and

conventional metrics.?

2 DTI Occasional Paper #9: Innovation in Services, DTI, June 2007.
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Chart 2.2: BERD detailed product groups
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2.19  The differences in R&D intensity between the UK and other countries are at least in part
the result of different industrial structures. R&D-intensive industries account for a smaller share
of GDP in the UK than they do in some other economies, such as Germany, and hence overall

R&D intensity will be lower even if R&D intensity within industries is comparable.

220 The relative significance of this effect depends on the data source used. Data obtained
from company accounts and published in the R&D Scoreboard suggest that the intensity gap is
entirely due to the UK’s industrial structure. UK-based companies spend similar proportions of
their revenue on R&D as their competitors overseas in the same sectors (see Tables 2.1 and 2.2).
But the UK has a much stronger corporate presence in sectors that are very successful but which
historically have reported little if any spend on R&D, such as oil and gas, and financial services. In
these industries, competitiveness is not derived from rapid technological development through

R&D but from a wider range of modes of innovation and efficiency.?

3 Economics Paper 11: R&»D Intensive Businesses in the UK, DT 2005.
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Table 2.1: R&D intensity by sector

Group USA  Japan Germany  France UK  World
(per cent) (per cent) (per cent) (per cent) (per cent) (per cent)

Pharmaceuticals and health 13.7 10.7 10.9 14.0 14.1 13.4
Electronics and IT 9.4 5.2 8.1 6.9 8.8 7.4
Engineering and chemicals 3.0 4.2 4.4 3.8 4.5 3.7
Low intensity 1.1 1.8 0.8 1.0 1.0 1.2
Very low intensity 0.4 0.7 0.4 0.6 0.2 0.4

Source: DTI Re*D Scoreboard 2006 (International 1250)

Table 2.2: Accounting for differences in R&D intensity across countries

Comparison Difference in Explained by Explained by
intensity intensity levels differences in

(per cent) within industries industrial structure

(per cent) (per cent)

UK vs France —-0.83 0.20 1.03
UK vs Germany 2.31 0.34 -2.65
UK vs Japan -2.00 0.88 —2.88
UK vs USA 2.60 0.49 -3.09

Source: DTI RerD Scoreboard 2006 (International 1250)

2.21 If, however, the analysis uses official BERD statistics, the effect of sector mix is less
pronounced, at least in relation to France and the USA.% These studies suggest that, at least in parts
of manufacturing, there is some evidence of an intensity effect, i.e. the proportion of gross value

added spent on R&D in specific industries might be lower than in other countries.

222 These two analyses are based on different data sources with different definitions. In
particular, the DTI R&D Scoreboards measure the global R&D spend of UK-based companies
whereas the data collected by the Office of National Statistics (ONS) measure R&D performed in
the UK. It is possible that the differences between the two sets of analyses reflect the location
decisions of multinationals in a few R&D-intensive industries, such as automotives, where the UK

has a strong manufacturing presence but relatively little R&D is performed in the UK.

223 UK R&D has historically been highly internationalised, increasingly so in recent years.
Chart 2.3 shows the percentage of business R&D performed in the UK financed from abroad. This
has increased over time, although the share moves around from year to year, which may reflect the

timing of small numbers of large investments by multinationals.

4 See studies by the Institute of Fiscal Studies and DTI, Economics Paper 11.
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Chart 2.3: Percentage of BERD financed from abroad, 1981-2005
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224 The significant inward flow of R&D investment — foreign companies carrying out R&D
in the UK that will in many cases then be transmitted throughout the world — is one reason why
the UK shows a strong and increasing balance of trade in R&D services (see Chart 2.4). These
figures show that overseas customers are increasingly purchasing R&D services from UK suppliers.
In some cases these will be private R&D service companies, in others it will be operating divisions
of multinationals receiving R&D from their UK laboratories.
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Chart 2.4: Exports and imports R&D, by year
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2.25 While these figures do not suggest that overseas R&D investment has been sufficient to
bridge the gap in R&D intensity between the UK and the OECD average, they suggest that the
UK has been a highly attractive location for mobile R&D. It will be important to maintain that

advantage in the future.

R&D tax credits

2.26 International evidence from OECD countries suggests that direct subsidies, in the form of
tax credits to private firms, can help boost R&D.> UK R&D tax credits were introduced in April
2000 for companies that are small and medium-sized enterprises (SMEs).® The scheme was
extended to other companies in April 2002, and a vaccines research relief was introduced in April
2003.

227  The R&D tax credit allows companies to deduct 150 per cent (SME scheme) or 125 per
cent (large company scheme) of qualifying expenditure on R&D activities” when calculating profit
for tax purposes. Standard tax treatment normally allows companies to deduct 100 per cent of
R&D expenditure when calculating their taxable profits, effectively acting as a subsidy for research
and development. Some complications emerge when a large company subcontracts R&D to an

SME: in this case, the SME may claim the credit under the large company scheme.

> See, for example, Nick Bloom, Rachel Griffith, John van Reenan, “Do R&D tax credits work? Evidence from
an international panel of countries, 1979-1994", Journal of Public Economics (August 2002).

¢ R&D is defined for tax purposes in Section 837A of the Income and Corporation Taxes Act 1988. Broadly,
R&D takes place when an overall project seeks to achieve an advance in science or technology.

7 Principally, these are expenditure on staffing costs, materials used in the R&D, externally provided workers and
in certain cases some of the costs of sub-contracted R&D.
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228  Take-up has risen substantially since the scheme’s introdution, from under 2,000
companies in 2000-01, to over 6,000 in 2004-05, the last year for which figures are available. A
total of 1,300 claims were made by large companies, the rest by SMEs; however, the bulk of
supported spending (£4.9 billion) is made by large companies, with SMEs accounting for £1.6

billion of supported spending in the last financial year.

2.29 The scheme is broadly considered to be a success, with 57 per cent of surveyed companies
saying that it was an incentive for them to boost R&D spending.® HMRC evaluation into the
scheme is ongoing, and a more comprehensive study will be completed when sufficient data are

available.

230 This Review believes that R&D tax credits have played an important part in supporting

and sustaining business R&D in the UK, and supports their continued operation.

UK PATENT TRENDS AND INTERNATIONAL COMPARISONS

231 A second figure which is widely used to measure a country’s innovation performance is the
number of patents per head. Chart 2.5 shows that, adjusted for population size, the UK is granted
significantly fewer US patents per head than either the USA or Germany, and has a world share of
around 2.3 per cent of total US patents granted. This share has been stable since 1997.°

Chart 2.5: US patents granted
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8 BMRB Social Research for HMRC, Tax Credits Final Report (December 2005) at
heep://www.hmre.gov.uk/randd/rand-taxcredits-final. pdf

9 US patent data are used as the main patent indicator, with triadic patents as supporting evidence. In the
Government’s consultation on productivity indicators, there was strong support among respondents for the
more timely data collected at the US Patent and Trademark Office over the more comprehensive triadic patent
data. The Government accepted this recommendation and uses US data in the core set of published
productivity indicators, whereas triadic patent data are used to provide supporting retrospective evidence.
See Benchmarking UK Productivity Performance: The Government’s Response to the Consultation on Productivity
Indicators, HM Treasury and DTT, October 2004, p. 13.
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232 Under an alternative measure of patenting, “triadic” patents are counted, which are
registered in the European Patent Office, the US Patent and Trademark Office, and the Japanese
Patent Office (JPO). The UK has maintained its world share of around 4 per cent since 1997. In
a further breakdown of the EU countries, the UK and France have similar world shares. Germany

leads with 13 per cent.'”

Chart 2.6: Triadic patents granted, by country
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233 Relatively low levels of business R&D in the UK may partly explain our level of patenting.
The OECD has examined the link between R&D and patenting for 19 OECD countries over the
period 1986-2000."" It found that for both domestic patents and for triadic patents there is a clear
positive link between R&D and subsequent patenting, and that the principal effect comes from
R&D in the business sector.

234  To account for the effects of R&D, it is useful to calculate measures of patent intensity,
which normalise the number of patents by the amount of business R&D spend. Chart 2.7 shows
that once the effects of business R&D have been taken into account, the UK performs much more
strongly on triadic patenting.'* The UK is third, behind Germany and Japan, well above the
OECD average and the USA.

10 Compendium of Patent Statistics, OECD 2006.

"1 From Ideas to Development: The Determinants of RSD and Patenting, Jaumotte, E and Pain, N., OECD
Economics Department Working Papers, No. 457, (2005).

12 Triadic patent families refer to patents applied for at the EPO, USPTO and JPO based on the earliest priority
date, and the inventor’s country of residence.
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Chart 2.7: Patent intensity"
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235 A comparison of industrial composition can help to explain differences in aggregate
patenting activity between countries. The UK is not far behind Japan and the USA, and ahead of
the other G7 countries in high-technology manufacturing share in gross value added' but
performs less strongly in medium- to high-technology manufacturing (including electrical
machinery, motor vehicles and other transport equipment). Due to sectoral differences and the
strong relationship between patenting and the amount of R&D carried out by business, the UK’s

relative strengths and weaknesses across sectors are also reflected in total patenting performance.

236 Sectoral differences in patenting are highlighted in the then-DTT’s 2006 R&D Scoreboard,'®
which contains data on the largest 1,250 R&D-active companies worldwide. It shows that UK patent
intensity (US patents granted in 2005 per £10 million R&D investment) varies strongly between
sectors, with the highest ratios in the electronics, technology hardware and personal goods sectors, and
the lowest in pharmaceuticals and telecoms (see Chart 2.8). This ranking was stable over the previous
three years. The low ratio for pharmaceuticals reflects the substantial R&D investment needed to

ensure a patented compound is effective and acceptable to regulatory authorities.

13 Industry-financed GERD refers to the gross domestic expenditure on R&D financed by industry, given here in
million USD using purchasing power parities as at year 2000. The ratio is calculated with R&D expenditure
lagged by one year. Industry-financed GERD is broadly comparable to business expenditure on R&D used
elsewhere in this report.

14 High-technology manufacturing includes pharmaceuticals and office, computer and communications
equipment.

15 Sixteenth edition of the DTT annual R&D Scoreboard (available at www.innovation.gov.uk/rd_scoreboard).
The R&D Scoreboard uses for its patents-to-R&D ratio same-year data for both number of patents granted and
R&D investment.
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237 In other sectors of the economy, such as financial services, publishing and electronic
media, patenting may not be an appropriate means of protection, and alternative protection
methods may be more suitable. The UK Innovation Survey shows that UK firms use a variety of
methods to protect their innovations. Less formal methods (such as lead time advantage and
secrecy) seem to be preferred to more formal methods (such as patenting), perhaps due to their
lower cost and to the high proportion of service companies in the UK. While close to 30 per cent
of engineering-based manufacturers use patents to protect their intellectual property (IP), fewer
than 20 per cent of companies in knowledge-intensive services use the same tool.!® A continuing
sectoral shift towards high-value-added services would imply a shift away from formal IP

protection devices; nonetheless, informal and strategic protection is important across all sectors.

2.38  These findings suggest that differences in patenting activity can be attributed to each
country’s relative economic specialisation: for example, countries specialising in areas including
electronics and technology hardware (such as Japan) will tend to record much higher levels of
patenting activity than countries strong in pharmaceuticals (such as the UK). Differences in legal

systems also produce differences in patenting activity.

Chart 2.8: US patents per £10 million R&D investment
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16 Data supplied by OSL.
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TRENDS IN PUBLICLY FUNDED R&D

239  Table 2.3, based on departmental accounts, shows that — as a percentage of GDP — while
the science base (Research Councils and HE research expenditure) has increased significantly in the
past ten years, civil government spending fell in the last years for which there are figures, and is
now lower than at the start of the decade. Defence R&D spending, as a percentage of GDD, has
declined almost continuously.!” Chapter 8 examines the causes and consequences of this in
more detail.

Table 2.3: Public R&D spend as percentage of GDP, 1997-2005

Science base

Civil departments

Defence

1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06'8

0.281 0.271 0.271 0.283 0.31 0.29 0.338 0.343 0.368
0.156 0.143 0.127 0.153 0.158 0.174 0.171 0.14 0.121
0.281 0.245 0.247 0.323 0.204 0.257 0.238 0.216 0.182

Total public R&D spend  0.717  0.660  0.665 0.668  0.672  0.761 0.747  0.699 0.671
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240  Around three-quarters of the R&D performed in the public sector is self-funded by the
public sector, and this proportion has remained steady since 1997,' as in France and Germany.
However, there have been significant increases for the USA, Canada, Scandinavian nations, China
and other Asian nations.?” Table 2.4 shows that the amount of R&D in the UK performed in the
public sector as a percentage of GDP is lower than the OECD average and other G7 countries.

Recommendation 2.1

The Review strongly recommends that the Government continues to fund increases in basic
science in line with the Ten Year Science and Innovation Framework 2004—2014; that it
increases the funding of the TSB; and that civil departments and the MOD are encouraged to
seize the opportunities to improve their performance by raising the level of their R&D.

17 DIUS figures, taken from SET Statistics 2007. Note that these are figures for expenditure by public sector,
which will differ from performance. SET statistics for defence are net of monies received for research work
MOD contracts in; this removes the impact of the Defence Evaluation and Research Agency (DERA)
privatisation in 2001, which appears in the ONS expenditure figures.

18 Estimated outturn.

19 ONS GERD data.

20 PSA Target Metrics for the UK Research Base, DT1, December 2005 (indicator 1.02).
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Table 2.4: International comparisons for R&D performed in the public and private
sectors, 2004, percentage of GDP

2004 Public sector Private sector Total
Canada 0.89 1.12 2.01
France 0.78 1.34 2.14
Germany 0.75 1.75 2.5
Ttaly 0.56 0.53 1.1
Japan 0.73 2.39 3.18
UK 0.58 1.09 1.78
USA 0.69 1.88 2.68
EU15 0.84 1.07 1.91%
Total OECD 0.66 1.53 2.25

Source: ONS data for UK, OECD data for all other countries

Research outputs arising from R&D performed in the public sector

241  The main research outputs from public sector R&D are additions to the stock of
knowledge and the stock of skilled graduates and researchers. Chapter 7, on the supply of scientists
and researchers, deals with skills; here, we briefly survey the measurable addition to the stock of

knowledge made by public sector research.

242 The number of research papers published in journals and the number of subsequent
citations of those papers are the two main indicators used to denote the scale and quality of

research activity.

243 In 2005, the UK was ranked second in the world to the USA in its share of world
publications (9 per cent) and world citations (13 per cent). The UK also produces a high
proportion of the world’s most influential papers relative to its share of all publications, producing

over 13 per cent of the most cited 1 per cent of papers.*

244 A major strength of the UK’s rescarch base is that it produces a more consistent
performance across the range of research disciplines than most other countries, ranking second in
the world in seven of the ten disciplines. A summary of the UK’s performance in each broad

discipline category is given in Table 2.5.

2l Calculated from figures in http://europa.eu/rapid/pressReleasesAction.do?reference=1P/02/939&format=
HTML&aged=08&language=EN&guiLanguage=en

22 PSA Target Metrics for the UK Research Base, DT1, March 2007, p. 27. Available at
http://www.berr.gov.uk/files/file38817.pdf (accessed 11 July 2007).
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Table 2.5: UK’s world rank in citation share by discipline

Research field World ranking Trend in share of citations
in 2004 20002004

Biological sciences 2 no change

Business 2 increase

Clinical sciences 2 no change

Environmental sciences 2 decrease

Humanities 2 increase

Pre-clinical and health-related sciences 2 no change

Social sciences 2 no change

Mathematics 3 decrease, but recovery in 2004
Physical sciences 4 no change

Engineering 4 decrease, but recovery in 2004

Source: PSA Target Metrics for the UK Research Base, DTI, December 2005 (indicator 3.02)

245  While the UK research base has performed extremely well in recent years, the trends in
citation share for each discipline show the challenge of the growing shares of new research nations,
including China, India, South Korea and Singapore. China has accelerated to a more than fourfold
change in its share of world citations between 1995 and 2004, and although ranked eighteenth by
volume in 1995, it now ranks eighth. China shows particular growth in mathematics, engineering

and the physical sciences.?

246 The UK leads the G8 in research productivity, with far more citations from each pound
spent on public sector R&D.?* But can the UK continue to sustain its strong performance in the

face of the growing strength of the new research nations?

247 Publications and citations may not be an equally good measure of research activity across
all disciplines. In particular, the research activities of the humanities and social sciences extend to
other modes of output. The Research Councils (RCs) produced their first year’s set of baseline data
in 2006 on their output frameworks, which includes data on each RC’s contribution to the global
knowledge pool. The data provide more detail on the breadth and scope of outputs of the research
base other than publications, including conferences, performance and visual media outputs. Trends

and patterns will emerge as additional years of data are collected.

25 PSA Target Metrics for the UK Research Base, DTI, March 2007, p. 27. Available at
http://www.berr.gov.uk/files/file38817.pdf (accessed 11 July 2007).
24 Science and Innovation Investment Framework 2004-2014: Progress Against Indicators, DTI, July 2006.
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248  These figures indicate clearly that our basic research base is an outstanding asset for this
country. We must make certain that we continue to fund it properly and build on recent successes

in transferring knowledge into industry.

Appraisal of the innovation ecosystem

249 The above figures show that UK industrial R&D is not seriously out of line with other
economies, given our industrial structure. However, the trend in R&D spending by government
departments is of concern, both in terms of public policy-making and the stimulation of
innovation in the companies with which they interact. The figures suggest that, rather than seeking
to raise the amount of research undertaken by all businesses, we should focus our efforts on the

four major goals developed by the TSB:

*  to help our leading sectors and businesses to maintain their position in the face of
global competition;

*  to stimulate those sectors and businesses with the capacity to be among the best in
the world to fulfil their potential;
o to ensure that the emerging technologies of today become the growth sectors of

tomorrow; and

*  to combine all these elements in such a way that the UK becomes a centre for
investment by world-leading companies.

2.50 But improving our innovation performance requires an assessment of all elements within
the innovation ecosystem. If we want to raise the level of innovation in our industries to the highest

level, each element of our innovation system must be functioning effectively.

INNOVATION IN MANUFACTURING AND SERVICES

251 The following chapters of this report look at the different elements of the innovation
ecosystem. But first, two cross-cutting issues need to be considered: first, the extent to which
innovation differs in the manufacturing and services sectors; and, second, what implications this

has for public policy.

2.52 Since the 1950s, output and employment in the services sector have grown very quickly
across the industrial world. As early as the 1970s, services constituted more than half of the value
added in EU countries, and by the beginning of the new century this had grown to two-thirds.
There are those who argue innovation in services is very different from that in manufacturing; in
contrast to manufacturing, science and technology play a negligible role. Therefore, a radical new
set of policies are needed to incentivise innovation in the services sector. These arguments need to

be examined very carefully.
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253 First, while we measure manufacturing and services separately in our national statistics, the
line between them is blurred.?> Software for an aeroplane produced by an aeroplane manufacturer
is classified as manufacturing, but if it is outsourced to a computer services company it is classified
as a service. Jet engine manufacturers such as Rolls-Royce no longer sell engines and spare parts,
but propulsion services, because the value of services on a product through its lifespan can exceed
original sales by as much as five times.?® Evidence from the EU Community Innovation Survey
suggests that around one-quarter of innovative manufacturers undertake service innovation, while
about 40 per cent of retail and distribution innovators describe themselves primarily as goods

innovators.?’

2.54 Second, the most striking feature of the services sector is its wide range of different
activities, each with different characteristics. The internationally agreed classification used in
national accounts means that the services sector encompasses the whole economy except for
manufacturing, construction, energy and udilities, and agriculture. The contrasts within the
services sector are as significant as those between the sector and manufacturing. ‘Services” includes
everything from computer services and R&D contract services, through finance, insurance and real

estate services to personal care and cleaning.

2.55 Some of these industries invest heavily in R&D. Of the UK’s industrial R&D in 2005,
21 per cent was spent by the services sector.?® The 2003 DTT analysis of company annual reports
and accounts ranks IT services fifth among all industries in worldwide R&D spending in 2003,
and sixth among UK industries in the same year. It is not correct to say that science and technology

play no part in innovation in the services sector.

256  There is also no reason to think that “framework conditions” such as taxation,
competition, regulation, public procurement and skills are any less important in manufacturing
than in services. And while there may be more “hidden innovation” in the services sector — in the
sense of innovation not caught by R&D statistics and patent data — there is no doubt a lot of

“hidden innovation” in manufacturing.

2.57 Finally, the challenge for manufacturing and services is the same. In both cases, the
challenge is to move out of low-value-added areas and into high-value-added areas. As a result of
steadily increasing productivity in manufacturing, and the fact that as incomes rise, people spend
a smaller proportion of their incomes on manufactured goods, the percentage of manufacturing in
our GDP is likely to decline. Rather than accepting this downward trend, we should be asking
ourselves how we can increase the amount of high-value-added manufacturing and take advantage

of all the opportunities which exist to do more.

258 While innovation in manufacturing and services is more similar than is sometimes
thought, the challenges for policy-makers are not the same. Much knowledge has been built up in
the Department of Business, Enterprise and Regulatory Reform (DBERR) on how science and
technology can contribute to innovation in manufacturing industries, and what framework
conditions impact on the rate of innovation. The challenge is to use the knowledge to devise

policies that enable industry to move more rapidly into higher value-added areas. In the service

2 Crespi, G., Criscuolo, C., Haskel, J. and Hawkes, D., ‘Measuring and Understanding Productivity in UK
Market Services', Oxford Review of Economic Policy, 22:4, 2006.

26 Innovate America: National Innovation Initiative Summit and Report, Council on Competitiveness, 2002.

27 Occasional Paper #9: Innovation in Services, cited in DTI, June 2007, p. 3.

28 ONS.
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sector, that knowledge does not exist; the focus of the then-DTTs activities has been almost
exclusively on the manufacturing sector. It is crucial that the DBERR makes the resources available
to work effectively with the services sector. This will enable Government to devise policies which

increase the sector’s rate of innovation.

Identifying high value opportunities in manufacturing

259 Manufacturing has been undergoing a major period of change in recent years, and if we

are to seize the opportunities open to us as a country, we need to adopt a new approach.

2.60  Early manufacturing companies were typically vertically integrated, undertaking as many
operations as possible on their own premises. As skills, capabilities and demand increased,
subcontractors emerged who could supply parts, sub systems or services competitively. Typically,

such subcontractors would develop long-standing relationships with their customers.

2.61  Opver the past 20 years, these relatively stable arrangements have changed as competition
and customer demand for greater variety have grown. These trends have been encouraged by the
removal of trade barriers and falling costs of transportation, increasing the exposure of all
manufacturers to global competition. Meanwhile, the reduction of cycle times for innovation has
forced companies to adopt new models for product and service development. Manufacturing in

the modern world is networked, global and fast.

2.62  In this environment, companies can focus on a single activity in the value chain. The
electronics company Flextronics, for example, concentrates on production as a contract
manufacturer. The pharmaceutical company GSK has strength in multiple activities, including
R&D, production and distribution. BAE Systems, a defence company, has a co-ordinating role
across the value chain as a systems integrator. Companies are adapting and engaging in one, some
or all of the links in the value chain — from R&D through production to service provision — as

shown in Figure 2.1.

Figure 2.1: Value chain of manufacturers
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Supply Routes to After-sales
Design management Production market services

2.63 Company decisions about which activities to engage in (either in-house or outsourced) are
complex. They are influenced by many factors, including the maturity and complexity of the
product and its production processes, maturity of the sector and the history and ownership of the
company. In each case, a deep understanding of the value chain and the links between activities
provides significant advantage, as companies can tailor their activities to their capabilities and

context.
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2.64  Managing complex distributed value chains is demanding, especially in areas where
technology is changing rapidly and relationships with suppliers and partners are shifting. The

ability to manage these can be a significant competitive advantage.

2.65  Companies that can co-ordinate across the full value chain often have the opportunity to
capture disproportionate value from their integration activities. Apple Computer undertakes
product design and co-ordinates across the chain, including offering music downloads as a service.
Their latest iPod video player has over 450 parts, with production outsourced to Japan, China and
other Asian countries.”” The chip that controls the player is sourced from the company

PortalPlayer, which in turn licenses microcircuit designs from another company, ARM.

2.66  ARM is a successful UK microcircuit design company that licenses its designs to a network
of partners. It does not have production facilities, but a very sophisticated knowledge of production
processes and excellent links between design and the final user of the product. ARM’s R&D

processes are discussed in the box below.

Private sector R&D decisions — two case studies
ARM

ARM, based in Cambridge is the world’s largest supplier of semiconductor IP. ARM-designed
processors are installed in a range of electronic products, including mobile telephones, PDAs
and MP3 players. Last year, 2.5 billion microprocesses were shipped. However, none are
manufactured by ARM itself: the company uses a business model based on the open licensing
of chip designs, leaving the processing and manufacturing of semiconductors entirely to other

organisations.

This high level of outsourcing allows ARM and its partner companies to concentrate their
resources and expertise on their core business. The company has 13 R&D centres worldwide, all
of which were acquired by ARM as existing, successful research centres. The choice of research
locations, given ARM’s identified needs, was principally driven by the need to find scarce skills in
chip design, and the ease with which existing operations could be integrated into ARM’s corporate
structure. For example, the Belgian company Adilante specialises in the hardware acceleration of
algorithms. This was identified as a strategic area for ARM. A Scottish research centre specialising
in the same field but of lower cost was also surveyed, but the choice of Adilante was made because
it had a better previous record, with its technology already integrated into one existing product.
Companies want the best people and the best deal. Cost alone does not determine research
location.

Pfizer

Pfizer is the world’s largest pharmaceutical company, and the biggest single inward investor in
pharmaceutical R&D in the UK. The growing complexity of medical research has resulted in
closer and more complex links between R&D and markets. The particular pressure in medical
research is to deliver safe and reliable new drugs to market as speedily as possible, and so close
integration of R&D with ancillary services, such as takes place in Pfizer’s European R&D
headquarters at Sandwich, Kent, is vital.

Like other pharmaceutical companies, Pfizer has started locating R&D facilities in emerging
economies. Such economies offer both a growing scientific research base and expanding product
markets. Pfizer opened R&D facilities in Shanghai in 2005, and has just announced a $300
million facility to be sited in South Korea. Location decisions are steered by a number of factors,
but proximity to markets is especially important.

29 Who Captures the Value in a Global Innovation System? The Case of Apple’s iPod, Linden, G., Kraemer, L. and
Dedrick, J., Personal Computing Industry Center working paper, June 2007.
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2.67  In emerging industries, companies can capture significant value from production
activities. As new industries emerge from the science base, production is typically more closely
linked to R&D and involves higher skills and more sophisticated processes. Production in
regenerative medicine, for example, involves a very advanced knowledge of biology coupled with
sophisticated process and automation knowledge. The company Intercytex recently demonstrated

significant developments in producing skin substitutes.

2.68  In industry sectors with intrinsically complex production processes, significant value can
be captured from this stage of the value chain. In biopharmaceuticals, for example, there are very
close linkages between development and production. In this industry, product performance is
determined by the production process. The skills and sophisticated process technologies required
make biopharmaceuticals a high-value production activity. It is also worth noting that regulators

may require continuity from prototype development to production.®

2.69  The fact that production may allow the capture of value from new ideas can sometimes be
overlooked — particularly where production is seen as a “standardised” or commodity activity. But
early development of production capability may provide a more rapid and protectable route to
market than outsourcing, and it avoids the risks of losing vital production knowledge and IP.
These high-value production activities need to be clearly understood so that, where appropriate,

support can be targeted to assist their development.

2.70 For high-cost economies such as the UK, the activities that are likely to thrive are those
that by their nature are complex and high-value-adding, and those that act as a key part of a global
value chain. Depending on the circumstances, these activities may include R&D, design,

production or service: none should be ruled out when developing strategies and policies.

271 The need for a better understanding of the skills required to manage the design and
operation of globally distributed, flexible value and supply chains is increasingly recognised. The
Centre for Telecommunications Value Chain Research® in Dublin, for example, engages in
research on new radio, optical and control technologies for telecommunications networks, but it
also explores the ability to manufacture and construct such networks at affordable cost via
modelling and analysing decision-support techniques across the entire value chain. This
encompasses architectural design, through component realisation and production, to reliable
network operation. The US National Science Foundation has also made several investments in this
area — the Industry/University Cooperative Research Centre, for instance, and the Center for

Engineering Logistics and Distribution.*

272 In the UK, the development of the EPSRC Innovative Manufacturing Research Centres
(IMRCs) has provided an important national research resource, encouraging an integrated
approach to manufacturing. Their “Grand Challenges” address key issues across the manufacturing
value chain, from new production methods (regenerative medicine and 3D miniature products),
through design (immortal information®), to innovation and productivity. The two pilot EPSRC
Integrated Knowledge Communities (IKCs) offer the potential to map the evolution of specific
technologies to better understand the links between fundamental science, applied science, process
development and business-model development. There is stll a need, however, for a better

understanding of global value chain design and management.

30 For a case study discussion of R&D-manufacturing interdependencies in the pharmaceutical industry, see
When Does Co-location of Manufacturing and Re&»D Matter?, Ketokivi, M., 2006.

31 For more details see www.ctvr.ie

32 Further detail can be accessed at www.nsf.gov/eng/iip/iucrc/directory/celdi.jsp

33 This refers to information that remains accessible and usable over at least the duration of a long-term project.
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Recommendation 2.2

Research into the structure and dynamics of value chains should be supported across the
Research Councils. The capability to integrate stages globally may be a major opportunity for
the UK to draw on its traditional strengths in innovation and its international outlook.

Recommendation 2.3

Flexible integrated mechanisms such as the IKCs and IMRCs should be deepened and
strengthened, as they help to match developments in products and services with developments
in science and technology.

Recommendation 2.4

The Technology Strategy Board should work with the Research Councils to identify the
complex, high-value-added production technologies that current and emerging industries
require and which are likely to flourish in high-cost economies. Research and the development
of skills in these technologies can then position the UK to be a leader in these fields.

Identifying high-value opportunities in services

2.73 A number of recently published reports have demonstrated the volume of “hidden
innovation” that takes place in the service sector. Hidden innovation is defined as forms of
innovation not captured in traditional measures, such as patenting. Innovation in tangible
products is probably easier to recognise because of its physical and ‘codifiable’ nature, but there are

many examples of services innovation. Two are described below.

2.74  Innovation in oil production frequently depends on collaboration between production
and service companies to develop new technologies and techniques for exploration. This is

especially true for the more difficult conditions found in mature (already developed) and in
frontier (difficult to develop) fields.**

2.75  Two examples of important innovations are nuclear magnetic resonance (NMR)
measurement and four-dimensional seismic surveys, both of which reduce exploration costs and

optimise production from wells.

2.76 Following some initial research in the oil sector, the full potential of NMR was recognised
by a team of US medical researchers. It was then developed in collaboration with teams from both

oil-service and production companies.

2.77  Due to the requirement for expertise from many fields, including geology, engineering and
data processing and analysis, four-dimensional seismic surveys (three dimensions plus time) were
developed through partnership between production companies and highly specialised supplier

companies.

34 See Hidden Innovation, NESTA, 2007.
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2.78  Many banks now offer a whole range of services online, facilitated by information and
communications technology (ICT). A recent development has been Open Plan, a process/business
model innovation introduced by the Woolwich that enables customers to access and link all their
financial holdings (savings and current accounts, mortgage, etc.). through one portal. Open Plan
customers can use both traditional methods of communication, such as branches and automated

teller machines, and new channels, such as telephone call centres, internet and digital television.?

2.79  Instead of seeking to develop a new set of policies to incentivise innovation in the services
sector, the DIUS is focusing its efforts on applying its current policy initiatives more effectively to the

sector. This Review welcomes this approach. The following actions are being taken by the Government:

*  The former DTT’s Business Relationship Section is being reorganised so that there
is a unit specifically covering the services sector within the Department for
Business, Enterprise and Regulatory Reform (DBERR);

. The terms of reference of the new TSB have been amended to make it clear that it

covers technology issues in the services sector as well as in manufacturing;

o The TSB is running a series of workshops in particular service sectors considering
service innovations. These events will cover financial services, retail and logistics,
design services, the service “wraparound”, and manufacturing and environmental
services;

. The TSB will set up a business-led Knowledge Transfer Network (KTN) for the
creative industries. It will be established along the lines of existing KTNs, but how
it engages, the services it offers and the models of attending, accessing and
networking will be geared to the specific needs of creative businesses; and

e Five industry-led action groups will be set up by DBERR in the services sector to
identify innovation in them and share the lessons of the UK’s best. The groups are
being developed in partnership with NESTA, with the first looking at the retail
sector in partnership with the British Retail Consortium. Other areas being
considered with industry include transport logistics, business services,

environmental services and the construction industries.

2.80 It is difficult to measure innovation in the services sector, and due to differences between
the industries that make up the sector it is difficult to develop policies to stimulate it. No country
has yet found a way of doing so. The approaches taken by DIUS and DBERR, in this Review’s

opinion, offer a practical and effective way of tackling this difficult policy area.

Universities in the knowledge economy

281  The second of the two cross-cutting issues is the role of universities in the new knowledge
economy. Today, we are seeing a transformation in the purpose and self-image of universities.
Politicians, industrialists and economists are beginning to see universities as major agents of
economic growth as well as creators of knowledge, developers of young minds and transmitters of
culture.’® The change in the purpose and self-image of the university has been driven by the
concept of the knowledge economy, an economy in which ideas and the ability to manipulate them
are of more importance that the traditional factors of production. In this economy, a world-class

university looks an increasingly useful asset.

35 Occasional Paper #9: Innovation in Service, DTI, 2007.
36 See, for example, Academic Capitalism: Politics, Policies and the Entrepreneurial University, Slaughter, S. and
Leslie, L., 1999.
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2.82  The UK is well-supplied with world-class universities. The USA leads the way, but the UK
is in a good position, particularly in comparison with other major European countries. Shanghai’s
Jia Tong University, in its 2005 rankings of world universities, has 36 USA universities in the top
50 and just 9 from Europe, of which 5 are in the UK. According to its rating system, the only two
universities in the top ten that are not American are Cambridge and Oxford: a recent Times Higher
Education Supplement league table included 20 American universities in the top 50, with 13 from
Europe, of which 8 were from the UK.

Table 2.6: The world’s top ten universities

Country Global rank
Harvard USA 1
Cambridge UK 2
Stanford USA 3
Berkeley California USA 4
Massachusetts Institute Technology USA 5
California Institute Technology USA 6
Columbia USA 7
Princeton USA 8
Chicago USA 9
Oxford UK 10

Source: Jia Tong University

2.83 We should, however, guard against a situation where all our universities aim for the same
goals. What is required is a diversity of excellence, with research universities focusing on curiosity-
driven research, teaching and knowledge transfer, and business-facing universities focusing on the
equally important economic mission of professional teaching, user-driven research, and problem-

solving with local and regional companies (see case study below).

2.84  Both types of university should carry out all three activities — research, teaching and
knowledge transfer — but the way they perform them will be very different. We should not waste
time debating whether one type of economic mission is superior to the other, but should accept
that both types of economic mission are equally important — and that some students will be

attracted by one type of educational experience, and some students by the other.

2.85  This Review makes two important recommendations to improve the incentives for
business-facing universities to undertake more knowledge transfer, as we see a major economic
opportunity for them to do so. These incentives cover the use of extra Higher Education

Innovation Funds and an increased number of Knowledge Transfer Partnerships.
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37 ‘Employing graduates’, YouGov survey commissioned by University of Hertfordshire, July 2006.
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3.1 The Technology Strategy Board (TSB) was established in October 2004 to manage the
main technology programmes of the then-Department of Trade and Industry (DTI), following a
commitment in the DTDs Innovation Report of 2003. The TSB is made up largely of business

people and venture capitalists. Its vision is:

For the UK to be seen as a global leader in innovation and a magnet for technology-intensive
companies, where new technology is applied rapidly and effectively ro wealth creation.

3.2 Over its first two years the TSB has made good progress, and in the March 2006 Budget
Report it was announced that the TSB would be given a greater role in stimulating business

innovation, and that plans for it to operate at arm’s length from government should be developed.

3.3 The progress to date and the creation of the TSB as an executive non-departmental public
body (NDPB) in July 2007 represents an important opportunity to put in place a business-driven
organisation with the potential to make a significant difference to the UK’ innovation
performance. The establishment of the new TSB will improve strategic focus, the ability to recruit
people with industrial skills, and consistency and coherence in the delivery of the Government’s

agenda in the area of technology and innovation.

THE CURRENT ACTIVITIES OF THE TSB

3.4 The strategy of the TSB has four major goals:

*  to help our leading sectors and businesses to maintain their position in the face of
global competition;

* o stimulate those sectors and businesses with the capacity to be among the best in
the world to fulfil their potential;

o to ensure that the emerging technologies of today become the growth sectors of
tomorrow; and

*  to combine all these elements in such a way that the UK becomes a centre for
investment by world-leading companies.

This strategy is delivered through four main programmes: user-driven collaborative R&D,
Knowledge Transfer Networks (KTN), Innovation Platforms and Emerging Technologies.

3.5 The programme of user-driven collaborative R&D is achieved through open competitions
for funding held every six months. The projects supported are part funded by government and
bring together businesses and universities and other research partners to carry out research with a
future commercial goal. The competitions to date have been highly successful, with more projects
capable of being funded than the available budget. An average of one in six applications are

approved for funding.
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3.6 Over 600 user-driven collaborative R&D projects have already been approved for funding,
ranging from £3,000 to £95 million. There is an average of five partner organisations per funded
project, with small companies making up over a third of the organisations involved. The 600
projects already approved for funding represent over £900 million of R&D investment by
government and business, with £465 million being committed by business and £435 million being

committed by government.

3.7 The funding committed by government is not only an investment by the Department for
Innovation, Universities and Skills (DIUS), but by a range of government organisations which
includes the Research Councils (RCs), Department for Environment, Food and Rural Affairs
(DEFRA), Department for Transport (DfT) and the Ministry of Defence (MOD), and the
Regional Development Agencies (RDAs) and Devolved Administrations (DAs). The money from
the RDAs and DAs has gone on three large projects related to aerospace: the Environmentally
Friendly Engine; Autonomous Systems Technology Related Airborne Evaluation and Assessment
(ASTRAEA), and the Integrated Wing.

3.8 Funded projects cover a diverse range of areas. These include: a project researching
biodegradable plastics for future cars and boats; a project to develop an on-plastic organic light-
emitting diode solid state lighting system geared toward the flat panel display market; a project to
produce software for a visualisation and simulation of complex manufacturing systems featuring
technology transferred from the serious computer games industry; and a project to develop an in-
body microgenerator that will convert energy from human body movement into power for
implanted medical devices, such as pacemakers, electrical stimulators, instrumented joints and

body area network applications.

3.9 The second major programme through which the TSB delivers its strategy is KTNs. Each
network is established in a specific field of technology or business application and brings together
a variety of organisations such as businesses (suppliers and customers), universities, research and
technology organisations and the finance community to enable the exchange of knowledge and the

stimulation of innovation in the network.

3.10  The purpose of the KTNs is to improve the UK’s innovation performance by increasing
the breadth and depth of the knowledge transfer into UK-based businesses and by accelerating the
rate at which this process occurs. Businesses and academics that join a KTN thereby gain access to
the very latest developments and marketing opportunities in the area of technology covered by the
KTN. They will be signposted to the very best UK scientific and manufacturing facilities available

to research and apply new developments and to the best places to find funding.

3.11  Each KTN also provides a platform from which a coherent business voice can inform
government policy. KTNs provide comprehensive inputs to the technology strategy of the TSB,
including an assessment of UK science strengths and business needs. They also provide input on

the UK’s priorities in the EU Framework Programme and its benefit to businesses.
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3.12  There are currently 22 KTNs (with a further two in the pipeline):

*  Aerospace and Defence

*  bioProcess UK

. Bioscience for Business

*  Chemistry Innovation

*  Cyber Security

e Electronics

e Electronics-enabled Products

. Food Processing

e Grid Computing Now!

*  Healthcare Technologies

*  Industrial Mathematics

*  innovITS (intelligent transport systems)
*  Integrated Pollution Management
*  Location and Timing

. Low Carbon and Fuel Cell Technologies
*  Materials

. MNT (micro and nanotechnology)
°*  Modern Built Environment

*  Photonics

. Resource Efficiency

. Sensors

e UK Display and Lighting.

Being developed:
*  Creative Industries
*  Digital communications.

3.13  The third major programme of the TSB is the Innovation Platforms. By bringing together
organisations focused on a particular social challenge, an Innovation Platform enables the
integration of a range of technologies along with better co-ordination of policy, regulations,
standards and procurement. Making future public procurement opportunities more visible to
business provides a greater incentive to business to invest in R&D with the knowledge and
confidence of future market opportunities. The aim is to deliver a step-change in UK innovation
performance, in the quality of public services and in the ability of UK businesses to provide
solutions for the global market-place. The TSB has piloted the Innovation Platform concept in two
areas, Intelligent Transport Systems and Services, (ITS) and Network Security, investing an initial
£10 million in each one. A further three Innovation Platforms have been approved in principle by
the TSB: Assisted Living, Low Impact Buildings and Low Carbon Vehicles.
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3.14  ITS represent a major opportunity for UK business, both in terms of new market
opportunities and also in reducing congestion, estimated by the Confederation of British Industry
(CBI) to cost the UK up to £20 billion per year. Most of the building-block technologies are
already available, but there is a large scope for longer-term technological innovation to produce
higher performance, greater reliability, lower costs and smaller devices. ITS will also generate
revenue from a whole new range of services, such as location-based consumer lifestyle services and
the needs of vehicle fleet managers, particularly the retail logistics chain. The market for ITS is
global, and demonstrating success in one of the most congested parts of the world should provide

the ideal stepping stone for UK companies to this wider market.

3.15  The ITS has articulated the “Innovation Challenges” that need to be met by holding of a
number of workshops with businesses in co-operation with a number of KTNs, including
innovITS, Location and Timing and Industrial Mathematics. A joint DIUS, Engineering and
Physical Sciences Research Council (EPSRC) and DT Future Integrated Transport Systems
competition was launched in October 2006, with each organisation committing £3 million, and a
further competition in the area of road pricing was announced in May between DfT and DIUS.

Further calls, co-ordinated via the Innovation Platform, are expected.

3.16  The Network Security Innovation Platform (NSIP) is another important project.
Government departments are major prospective users/purchasers of secure networks, including
identity cards, e-borders and MOD’s networking of assets. Additionally, there are significant secure
identity requirements in global supply chains where sensitive data are being exchanged, such as
banking and financial services and the retail sector. As electronic networks increasingly become
critical to society, so network security is seen as being a major growth area and one which the UK

is well-placed to exploit.

3.17 The NSIP is taking forward two initial challenges, and is working on defining further
challenges and identifying the necessary actions needed to bring government procurement and
innovative business solutions closer together. The NSIP launched the Human Vulnerabilities in
Network Security competition in November 2006 aimed at encouraging technological and socio-
technical innovation in establishing effective security cultures and employee risk assessments, as the

weakest link in any secure network is often the person using it.

3.18  The fourth major programme of the TSB is Emerging Technologies. The TSB has been
working closely with the RCs on emerging technologies to foster business engagement with new
technologies emerging from the UK science base at the earliest “business readiness” stage. The first
three areas have been identified, and work is moving ahead in quantum technologies,

nanomedicine and smart optics.

3.19  In each case, businesses and leading academics are being asked, primarily via workshops,
what support might be appropriate. An action plan will then be drawn up, and support will be
given in a variety of ways, such as collaborative R&D competitions, user forums, technology
showcasing (which provides academics with opportunities to “pitch” their research and its potential
to business), development of standards strategies, assessments of global market potential and

consolidation of existing activities.
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A NEW LEADERSHIP ROLE

320  The technology and innovation landscape in the UK is fragmented, with a wide range of
organisations aiming to improve the technology and innovation capability of UK business. This is
inefficient and means that industry is faced with a bewildering array of organisations and schemes,
many of which cover the same ground. In many cases these organisations do not have the resources

or the skills to develop or assess technological projects.

321 DIUS will set innovation policy and direction, but the TSB has a critical role in helping
to achieve these policy objectives. To do so, the TSB needs to improve the fragmentation of

innovation support.

322 The TSB has already made some good progress in working with government departments,
RDAs, DAs and RCs, as well as with business. There has been good engagement with government
departments on Innovation Platforms, the collaborative R&D competitions and KTNs, and
DEFRA, through its BREW (Business Resource Efficiency and Waste) programme has committed
£35 million to date to support collaborative R&D projects and two KTNG.

323  The seven RCs, operating through Research Councils UK, have worked closely with the
TSB, providing vital information on the strengths of the UK science base and using that
knowledge to develop the collaborative R&D competitions.

3.24  The RCs also play a key role in supporting academic participation in collaborative R&D
projects that demonstrate significant scientific merit. Over the past year, both the Natural
Environment Research Council and the Medical Research Council have joined the EPSRC and the
Biotechnology and Biological Sciences Research Council in funding projects as part of the
collaborative R&D competitions. To date, approximately £26 million has been committed to
projects across a wide range of the competitions held. The development of joint application and

assessment procedures between the DIUS and the RCs has been a step in the right direction.

325  Good progress has also been made over the past year in developing strong links between
the TSB and the nine English regions and three DAs. Representation on the TSB by one member
from each English Region and one from each DA ensures that the regional perspective is factored
in to all strategic decisions made by the TSB. Work is also continuing to simplify the process of
bringing regional funding into the programme of collaborative R&D. To date, the RDAs and DAs
have committed over £30 million in support of three large acrospace-related projects. But this

Review believes there is more to be done.

Recommendation 3.1

The TSB should be given a new leadership role, with more formal relationships with the RDAs,
government departments and Research Councils.

3.26 The precise way that these relationships should operate is set out in Chapter 9 for the
RDAs and DAs, in Chapter 4 for the Research Councils, and in Chapter 8 for government

departments.

3.27  There are two other areas where it is recommended that action be taken by the TSB to
better co-ordinate the activities of the different organisations that have an impact on the UK’s

innovation performance.
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3.28  Ofcom, for example, is carrying out research into remote monitoring which is of relevance
to the Assisted Living Platform, and into wireless applications which is of relevance to the ITS and

Services Platform.

329  KTNs have already produced a considerable number of technology road maps for
emerging technologies. These road maps give a consensus picture of future technology
developments and market needs. They enable companies to focus their research efforts where they
will have most value, and they also predict the need for highly trained people, standards and

metrology.
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NEW RESPONSIBILITIES FOR THE TSB

3.30  This Review understands the challenge for the TSB of turning itself into an Executive
NDPB, recruiting new personnel and relocating much of its work. We recognise the importance
of not overloading it with new responsibilities and diluting its core mission. However, this Review
recommends that there are a few additional tasks that the TSB should take on. We support the
decision to give the management of the KTP programme to the TSB, which fits in well with its
suite of business-support products, and think a mini KT scheme should be developed, subject to
the Business Support Simplification Programme (BSSP).

Recommendation 3.5

A flexible, short-term Knowledge Transfer Partnership (KTP) scheme should be developed and
KTPs extended more widely into the further education sector, as described in Chapter 4.

3.31 To date, the TSB has focused on driving forward technological innovation in traditional
manufacturing sectors. As we have seen, however, service sectors where technological innovation is

important are now significant and fast-growing parts of our economy.

Recommendation 3.6

The TSB’s activities should be extended into those service sectors where technological
innovation is important. The TSB has already started work with the creative industries and
there is considerable scope for it to extend its work to other areas.

3.32 The RDAs, government departments, UK Trade and Investment (UKTI) and the RCs all
need to know about the part played by technology in the competitive strategies of different
industries so that they can target their support more effectively. There is a danger that the collection
of this information through the use of consultants or discussions with industry is duplicated by the
different organisations. This is wasteful of resources and of company time. The TSB has to collect
this information in order to support its collaborative R&D programmes and to prevent the

duplication of this work.

Recommendation 3.7

The TSB should be made the repository for information about technology’s role in the
competitive strategies of different industries and should be responsible for providing this when
it is needed by other organisations.

3.33  Those responsible for approving government support programmes for collaborative research
and development need to have a deep understanding of commercial issues, business planning, the
value chain and the linkages between activities in order to ensure business models and routes to
market have been fully considered as part of the project approval process. The DIUS has generally
reviewed proposals with the assistance of an expert panel of science and engineering reviewers
supported by DIUS staff acting as a secretariat. This model, while selecting projects with merit, does

not allow for the secondary benefits to be derived from the application and selection process.

3.34  For example, companies who apply to the Advanced Technology Program (ATP) in the
USA are judged both on the scientific/technical strength of their application and also on their
business plan for taking their technology forward. An essential element of the ATP is the highly
qualified staff running the programme, many of whom have business backgrounds and
qualifications. This means that they are well-placed to manage the review of both the

commercialisation potential and associated business plan of each technology proposal.
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Approximately 88 per cent of ATP applications are not funded, and yet each applicant receives one
hour of feedback from the programme staff regarding the strengths and weaknesses of their
application in both technical and business terms. This feedback is valuable to the companies as it
assists them in developing their strategies for raising funds, developing the technology and

strengthening any future proposals.

3.35  The restructuring of the TSB provides an opportunity to develop a new cadre of very high-

quality professionals to manage the application evaluation process and to substantially improve the

performance of funded proposals.

336 The preliminary focus of the TSB has been on domestic support for technological
innovation. There is, however, a need for the TSB to start to consider the international agenda and
to give greater support to technological collaboration between UK small and medium-sized

enterprises (SMEs) and their counterparts in Europe.
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FROM THE LABORATORY TO THE MARKET

4.1 In the past decade UK performance in knowledge transfer has changed dramatically. As
the Financial Times reported: “Policymakers and commentators love to draw unflattering
comparisons between enterprising US universities churning out commercially exploitable
inventions and UK ivory towers that are content to leave research mouldering on library shelves.
Buct the days when critics could bemoan the country’s failure to cash in on its world-class research

base may be drawing to a close”.!

4.2 A number of government schemes have been introduced over the past ten years, and these
appear to have produced a major culture change within our universities, building capacity,
increasing professionalism and making higher education institutions (HEIs) more valuable
partners for business. The schemes include: The University Challenge Fund, which provided seed
funds to universities; Science Enterprise Centres, to teach entrepreneurial skills to science and
engineering undergraduates and graduates; and the Higher Education Innovation Fund (HEIF),

to incentivise universities to transfer knowledge into industry and society.

4.3 By almost all measures, we have seen a dramatic increase in recent years in the amount of

knowledge transfer from British universities (see Table 4.1 and boxes below).

Table 4.1: Selected indicators 2000-01 to 2005-06

Knowledge transfer indicator 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06  Percentage

change
2001-02 to
2005-06

Number of new patent applications filed

by HEIs 896 960 1,222 1,308 1,649 1,537 72
Number of patents granted 250 198 377 463 711 576 130
Number of licensing agreements 728 615 758  2,256* 2,099 2,699 271
Income from licensing intellectual

property (£ million) 18 47 37 38 57 58 215
Number of spin-outs 248 213 197 161 148 187 -25
Income from business (value of

consultancy contracts) (£ million) 104 122 168 211 219 236 128

* From 2003-04 onwards more HEIs included software licences.
Source: Higher Education—Business and Community Interaction

October 2007

! Financial Times, 27 June 2006.
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4.4 Limited data are available before 200001 as many HEIs did not monitor or record
knowledge transfer performance until then. But between 1994 and 1999 a total of 338 spin-outs
were recorded (an average of 70 per annum). By 2005-06, 187 companies spun out of universities
in just one year. As shown in Table 4.1, the number of spin-outs fell in 2003-04. This was due to
changes in tax law,” which inadvertently acted as a disincentive to HEI spin-outs by creating a tax
liability for investors setting up spin-outs at the point when shares were issued to them. The tax

law has now been altered and the number of spin-outs is starting to rise again.

4.5 University spin-outs enjoy faster growth and lower failure rates than more conventional
start-ups.’ The total turnover of all active university spin-outs has increased by 240 per cent since
2000-01, and in the past three years 25 spin-outs from UK universities have floated on stock
exchanges. These companies raised over £250 million from the capital markets at the initial public
offering stage and today have a market capitalisation of more than £1.5 billion. In the past 18

months, six spin-outs have been acquired for £1.8 billion.*

Recent examples of knowledge transfer activities

* Formed by the global insurance broker Willis Group Holdings, the Willis Research Network
(WRN) is the largest single collaboration between the insurance industry and academia. It
offers governments and large organisations access to weather and environmental modelling
expertise. This will provide practical research and expert analysis of global catastrophic risks,
such as volcanoes, landslides, floods, hurricanes and earthquakes.

Wolfson Microelectronics ple was spun out of Edinburgh University in 1984 and went public
in 2002. It is a global leader in the supply of high-performance microchips. Wolfson’s chips
are found in PDAs and digital music players, most notably the Apple iPod.

The Medical Research Council (MRC) will receive over $200 million in licence fees from
pharmaceutical company Abbott for rights to market HUMIRA, a treatment for rheumatoid

arthritis developed at the MRC Laboratory of Molecular Biology in Cambridge.

Originally formed in 2002 with venture capital funding, Offshore Hydrocarbon Mapping Ltd
grew out of research at the UK’s National Oceanography Centre, Southampton, and is world
leader in controlled source electromagnetic (CSEM) surveying, data processing and data
interpretation for the offshore oil industry. CSEM is increasingly being recognised as a
valuable method of de-risking the oil and gas exploration process and creating multimillion
pound value for clients.

The internationally acclaimed Advanced Manufacturing Research Centre (AMRC) at the
University of Sheffield, a partnership with Boeing, is a £45 million collaboration between
world leaders in the aerospace supply chain, government and international academic
institutions. As manufacturers switch from metals to composite materials, it will be critical to
accelerate the introduction of materials and processes while reducing costs. The AMRC is
meeting this challenge by creating a £15 million Composite and Advanced Materials

Technology Centre (CAMTeC).

? Part 7, Income Tax Earnings and Pensions Act 2003 (Schedule 22).
3 “University Companies Pass Investment Test”, Financial Times, 29 June 2006.
* Cambridge, Antibody Technology; NeuTech; Kudos Pharma; Solexa; Domantis; MTEM. Source: Unico.
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Progress since the Lambert Review

The Lambert Review, commissioned by HM Treasury, the then-Department for Education and
Skills (DfES) and the then-Department of Trade and Industry in November 2002, made a series
of recommendations aimed at encouraging effective business—university collaboration in the UK.

Since Richard Lambert reported in 2003, this agenda has become increasingly important as our
future international competitiveness rests more than ever on the development, dissemination
and application of knowledge and ideas.’ The Council for Industry and Higher Education
(CIHE) report Industrial Competitiveness: Businesses Working with UK Universities provides
evidence to show that clusters of excellence with universities at their core are increasingly
attracting multinational businesses who are seeking to recruit, to invest in research, and to find

solutions to the business product, process and management issues they face.

Capacity and infrastructure in universities for business collaboration has continued to improve.
Virtually all HEIs now have systems in place to engage with business and the benefits to the
higher education (HE) sector have been tangible (see Table 4.1). For businesses and others, the
real impacts are less easy to quantify, as they will be seen in the innovative new products,
services, business models and policies that result from this engagement. (Table 4.1 shows the
increase in the numbers of patents granted.) Over one-third of representatives on HEI

governing bodies now come from commercial businesses.

There has been progress with many of Lambert’s recommendations. Highlights include:
* the code of governance developed and adopted by universities;
* the development of a dedicated “third stream” of funding in England (the HEIF);
* the R&D tax credit is now worth over £600 million per year to business;

* guidance material and model contracts have been developed to cover intellectual
property issues in five different collaborative and contract research scenarios, and these
are now being used by a wide range of firms and universities; a further set of model
agreements covering consortia arrangements is under development;

* the Higher Education Funding Council England (HEFCE) has announced that
£60 million of the QR scheme will be used to reward applied research;

e UK technology-transfer organisations have developed close links with their US
counterpart, the Association of University Technology Managers (AUTM); and

* Regional Development Agencies (RDAs) and the Devolved Administrations are taking
an increased role in facilitating business—university links (see Chapter 10).

Another positive development (although not a specific recommendation) is the launch of the
new Institute for Knowledge Transfer (IKT) in May this year, providing a focus to improve the
quality of knowledge transfer professionals across the UK and to bring university, business and
government KT professionals together.

5 «

What has changed since the Lambert Review?”, a submission for the Review from the Council for Industry
and Higher Education (CIHE), November 2006.
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EXTERNAL INVESTMENT PER UNIVERSITY

4.6 A recent report by Library House concludes: “UK universities are now producing spin-out
companies of equivalent number and quality to some of the USA’s top institutions”.® The report
compared the spin-out portfolios of a cross-section of UK universities with those of three top US
institutes: Stanford University, University of Wisconsin (the world’s sixteenth best research
university’ that has a technology transfer operation dating back to 1925), and University of
Washington (the world’s seventeenth best research university,® located in a state that receives more
than four times the venture capital finance per head as the UK). Using external investment
attracted as a proxy for quality, Stanford University came out top, but most of the UK universities
performed well against the other two US institutes (Chart 4.1).

Chart 4.1: External investment per university
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4.7 The Library House report notes that the performance of UK universities in technology

transfer is particularly striking when compared with research output (number of publications). By

this measure, termed “venturing efficiency”, the UK universities perform even better (Chart 4.2).

¢ Spinning Out Quality: University Spin-out Companies in the UK, Library House, March 2007.
7 Shanghai Ranking System.
¢ Shanghai Ranking System.
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Chart 4.2: Venturing efficiency
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4.8 “Public policy focus on translating research into business”, the report concludes, “has been
highly successful in reversing the UK’s historical weakness in this area”.?
4.9 The Library House report also notes, however, that there is an opportunity for further

improvements in knowledge transfer from UK universities.

STRENGTHENING OUR KNOWLEDGE TRANSFER POLICIES

The Higher Education Innovation Fund

4.10  Since 2001, the HEIF has provided support to universities to increase their ability to
exploit the outputs of their research and engage with business. This has included support for the
commercialisation of intellectual property, business development and brokerage, student enterprise

and the incubation of new knowledge-intensive businesses.

* Spinning Out Quality: University Spin-out Companies in the UK, Library House, March 2007.
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411  HEIF money was initially allocated on the basis of a competition. This had the advantage
of getting universities to think seriously and creatively about knowledge transfer. However, it had
the disadvantage that knowledge transfer staff could only be offered short-term contracts due to

the unpredictable nature of the funding.

4.12 The Ten-year Framework in 2004 confirmed the Governments support for HEIF as a
dedicated third stream of funding and announced a move to a more predictable funding
mechanism. This has been delivered by the introduction in HEIF3 of a funding formula based on
metrics as well as a competition. This has already enabled HEIs to offer careers in knowledge

transfer to staff, rather than unpredictable short-term contracts.

413 The environment for collaborative working in the UK has improved significantly in the
past decade, with greater levels of support for academics wishing to commercialise their research,
a growing openness to working with industry and stronger support through technology transfer
offices. However, for the most part academics are rewarded for research output rather than its

application.

4.14  The work of interpretation and application into an industrial context is no less demanding
intellectually, but it requires different skills and experience. There is a case to be made for new
positions in university departments that are of equal status to academic positions and are

embedded in that community (rather than in a separate office).

4.15 One successful example of this approach is the Principal Scientist role at Massachusetts
Institute of Technology (MIT). These are individuals who have both academic and industrial
credibility and typically appear to industry as practical academics. They take responsibility for

much industry-facing work, enabling the tenured faculty to pursue their research and teaching.

Recommendation 4.2

Universities should initiate pilots with HEIF money for senior industry professionals to be
embedded into departments to act in a similar manner to the Principal Scientists in MIT, acting
in parallel to the scientific leader of major projects.

4.16  This Review believes that HEIF should now move to the next stage of development. While
our knowledge transfer policies seem to be working well for our research universities, there is scope
to increase knowledge transfer from business-facing universities to small and medium-sized
enterprises (SMEs). The predictability of a formula would further help universities plan for the

longer term.

Recommendation 4.3

HEIF4 funding should be allocated entirely on the basis of a formula, and the formula should
be constructed so that the money that was allocated on the basis of a competition now goes
largely to business-facing universities.

4.17  We have devised and discussed with DIUS and HEFCE a formula that gives less weight
to the size of the university and more to income received from SMEs. This should result in the
large research universities getting slightly more money in HEIF4, and many other universities
getting larger sums, with an incentive for all to do more work with SMEs. We recommend that
this formula be adopted for HEIF4.
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Knowledge Transfer from Research Councils

4.18  In the past the Research Councils (RCs) have performed a considerable amount of
knowledge transfer (see the box on the following page), but this has largely been ad hoc and on the
basis of each RC developing its own programmes. This Review thinks that now is the right time to

take this work a step further.

4.19  The RCs have drawn up a joint programme of knowledge transfer, focusing on five key
areas: follow-on funds, a joint Business Plan Competition, knowledge transfer from their own
research institutes, a Small Business Research Scheme to fund university researchers collaborating
with SMEs, and joint funding with the Technology Strategy Board (TSB).

420  Building on the success of the RCs’ existing collaborations with the TSB, Budget 2007
announced that the Director General of Science and Innovation will agree specific targets with
each RC for the amount of collaborative R&D they will conduct jointly with the TSB. The RCs
have agreed that the total resources to be committed by them to the new joint funding mechanism
will be no less than £120 million over the CSR period. Individual targets for the RCs and the TSB
will be finalised as part of the science budget allocations process later in the year. This represents a
step change in the impact of RC and TSB support for business innovation and will maximise the

capacity of investment from the science base to attract matching funding from other sources.

Recommendation 4.4

Specific targets in each of the five areas of knowledge transfer should be agreed between each
Research Council and the Director General of Science and Innovation as part of the Research
Council Delivery Plans. RCUK should take responsibility for common branding and alignment
across the schemes, ensuring that this branding fits with the Business Support Simplification
Programme (BSSP).

421  Although in its early stages, a new endeavour by two RCs, the small and medium-sized
enterprise engagement vouchers, is a promising initiative. The Engineering and Physical Sciences
Research Council (EPSRC), the Economic and Social Research Council (ESRC) and Advantage
West Midlands support this innovative scheme in partnership with Aston University, which
administers the scheme across all HEIs in the region. Based on a successful Dutch programme, the
scheme funds vouchers to encourage SMEs and not-for-profit organisations to make their first
engagements with universities. The scheme should be evaluated carefully. It could be a useful

mechanism for encouraging SMEs to work with universities.
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Knowledge transfer by the Research Councils

* The Arts and Humanities Research Council (AHRC) has established a strategic R&D
collaboration with BBC New Media. This collaboration brings arts and humanities
researchers together with BBC staff to address R&D needs in the areas of
mobile/portable interactive devices, passive consumption/active engagement; user-

generated content and managing media assets.

*  Medical Research Council (MRC) funded trials in childhood lymphoblastic leukaemia
(cancer of blood cells), the commonest type of leukaemia in children, have led to
massive improvements in survival, so that four in five children with leukaemia now
recover from the disease, compared with only one in five 25 years ago.

* The Biotechnology and Biological Sciences Research Council (BBSRC) and the
Engineering and Physical Sciences Research Council (EPSRC) are co-funding a
£10 million research programme in bioprocessing with 18 companies, who are
contributing collectively £1 million. The aim is to address strategically important
research problems that underpin the efficient production of biopharmaceuticals, which
comprise over one-third of all new drugs in development.

e EPSRC has established 17 Innovative Manufacturing Research Centres (IMRCs),
representing an investment of £80 million. IMRCs are expected to attract matched
funding from industry partners. The IMRCs currently collaborate with over 1,000
companies, many of them SMEs.

Knowledge Transfer Partnerships

422 Knowledge Transfer Partnerships (KTDPs) are a national cross-government activity

sponsored by the TSB, a number of government departments, RCs and RDAs.

4.23  KTPs place recently qualified people (NVQ Level 4, HND, foundation degree, degree and
higher degrees) in firms for one to three years to introduce a new product, service or process in
partnership with a suitable university, college or research organisation. With over 1,000
partnerships running at any one time, KTPs provide fresh and trained minds for the businesses and
practical experience for the graduates. The results are widely recognised, such that the Department
for Innovation, Universities and Skills’ (DIUS) spend of £18 million a year on KTPs leverages

£12 million from other public sector bodies and £54 million from business.

4.24 Industry demand for KTP associates is high, and research has quantified the benefits. For
every £1 million of government spend, the average benefits to companies as a direct result of KTP

amounts to:"
®  £4.25 million annual increase in profit before tax;
° £3.25 million investment in plant and machinery;
o 112 new jobs created; and

® 214 company staff trained.

11996 Quinquennial Review of the Teaching Company Scheme.
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4.25  KTP associates also benefit: 60 per cent are offered and accept a permanent position
within their host company on completion of the KTP project. On average, each associate project
resulted in four new research projects being initiated and two research papers being published.
Over 80 per cent of KTPs had plans for further collaboration following project completion. About
300-350 new KTP are funded each year and there is known demand for around 900.

Recommendation 4.5

Subject to the BSSP, the Government should build on the success of the KTPs by doubling their
number. Responsibility for the KTP scheme was transferred to the TSB from July 2007, but the
roll-out and funding of KTPs should be led by the RDAs (see Chapter 9).

426 However, the KTPs are not suitable for all universities or all businesses, and there is strong

demand for a shorter, more flexible scheme.

Recommendation 4.6

Subject to the BSSP, a standard nationwide mini KTP scheme should be introduced in all
regions to facilitate shorter, light-touch collaboration (3-12 months). For some time there has
been a demand for shorter, less expensive mini-KTPs, and we believe that they could perform

a useful function. They may also be of particular interest to the creative industries, service
sectors and SMEs.

Knowledge transfer from Further Education Colleges

427  Knowledge transfer extends beyond the commercial exploitation of cutting-edge research
by high-technology businesses. It can involve using established research knowledge in new ways or
with new users, as well as interactions where the transfer is through consultancy, secondment,
tailored training programmes, design input and technology or equipment sharing rather than
research. This broader range of interaction can be particularly important for small or less

technologically sophisticated businesses.

428  Similarly, knowledge transfer reaches beyond the classic STEM (science, technology,
engineering and mathematics) subject areas. Financial services and creative industries are two
buoyant and important areas of economic activity where there are considerable opportunities for
learning providers to support business. Further education (FE) colleges are well placed to support
business innovation and development by sharing knowledge and technology, and there are many

who successfully do so.

429  The KTPs programme currently includes 37 FE partners, and funding is also available
through English RDAs for initiatives to build business-support capacity in FE. For example, the
London Development Agency is piloting a project providing pump-priming funds to support five
FE colleges in establishing contacts with 50 businesses in each of their areas. RDAs have indicated
that they would be prepared to increase this kind of funding for FE knowledge transfer activity in

support of moves to raise the profile of this activity.
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430 The development agencies of the devolved administrations also promote FE knowledge
transfer (the Welsh Development Agency offers funding via the Knowledge Exploitation Fund).
The Funding Councils for Scotland and Wales — which cover both further and higher education —
are developing strategies to increase FE business support, and the Department of Education and
Learning Northern Ireland (DELNI) includes increased FE business support and SME

engagement in the aims for its planned FE sector reforms.

431 Research commissioned in 2005 by the DfES and the Learning and Skills Council (LSC)'!
also explored the potential for FE knowledge transfer in England and confirmed that: “FE
providers possess the intellectual capital, equipment and facilities to provide low-cost support for
innovation that could benefit local companies and the economy more generally”. Employers taking
part in the research thought that FE colleges might have distinctive advantages in business support,
including local knowledge, a practical rather than an academic approach, readily accessible subject
specialists and technical facilities and equipment. We agree that there is considerable scope for FE
colleges to contribute to innovation, and enhance their reputation as high-quality business-support

partners.

4.32  The creation of the new DIUS identifies FE more closely than ever with the Government’s
wider innovation strategy. We believe there is considerable scope to raise the profile of knowledge
transfer in FE and build on the excellent work some colleges have done in this area. However,
moves to encourage FE knowledge transfer on a wider scale must be seen in the context of a sector
undergoing major reform. The priority for the adult education sector identified by the Further
Education: Raising Skills, Improving Life Chances White Paper and endorsed by the Leitch Review
is the drive towards increasing employability through skills provision led by learner and employer
demand. This Review believes that there is scope for increased FE knowledge transfer to contribute

to this agenda, but to do so it should sit within the new structures that are being put in place.

Recommendation 4.7

The Department for Innovation, Universities and Skills (DIUS) should develop a strategy to
promote and support knowledge transfer within the wider FE reform agenda. Aligned with the
BSSP, it should include:

* encouraging and supporting staff secondments to and exchanges with businesses as part
of the FE workforce reform programme;

e funding further FE knowledge transfer projects and initiatives through the Regional
Development Agencies;

* incorporating knowledge transfer capacity building in the criteria for the new employer
responsiveness standard for Centres of Vocational Excellence;

* encouraging increased FE participation in Knowledge Transfer Partnerships;

* raising business awareness of FE knowledge transfer potential through Business Links
and other business support routes;
* promoting FE’s knowledge transfer role in advice from Regional Development

Agencies and Regional Skills Partnerships to local employment and skills boards;

* using existing FE networks to share best practice in knowledge transfer and business
support.

" Talking the Right Language: Can Further Education Offer Support for Business Innovation?, Learning and Skills
Development Agency, 2005.
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433  Once these measures are in place and demand-led arrangements are established, we
recommend that DIUS reviews levels of FE engagement in knowledge transfer and considers the

case for creating a dedicated fund for FE along the lines of the original HEIE

434 Providing skills training to employers is, of course, a further knowledge transfer activity
and is core to the mission of FE colleges. The supply of skills is discussed in detail in Chapter 7 of
this Review, but we believe that FE colleges with knowledge transfer experience beyond training
provision will be better equipped to meet businesses skills requirements. They are also more likely
to be seen by businesses as providers of relevant skills. In an LSC seminar in February 2007, the
Chief Executive of CIHE, Richard Brown, noted: “For many businesses, the issues do not revolve
around levels or qualifications. They are after solutions to business problems. What many see as
the added value of higher education is the provision of bright and reflective minds that can make
businesses succeed.” By engaging in knowledge transfer, FE colleges will continue to establish

themselves with business as an additional source of these “bright and reflective minds”.

Public Sector Research Exploitation Fund

435  The Public Sector Research Exploitation (PSRE) Fund was set up following the 1999
Baker Report'? to realise the economic potential of research in publicly funded laboratories,
including the NHS. The fund has invested £50 million in a diverse range of organisations to

commercialise their research, often for the first time.

436 PSREs are now beginning to generate significant volumes of commercial activity. In their
latest annual reports, PSREs supported by the fund between August 2005 and July 2006 have:

*  allocated proof of concept funding to over 150 projects to help develop them into
marketable products; and

° used seed funds to establish at least 12 new companies, which themselves have
attracted over £14 million of third party funds and now employ more than 90 new

staff.

437  PSRE funds have also supported the NHS Innovation Hubs in England. These are
designed to help translate ideas emerging from the NHS’s R&D budget and the practical
experience of its 1.3 million staff into commercial products and improved patient care. In 2005
(the latest year for which data is available), the NHS Innovation Hubs generated £1.5 million of

revenue from licences and other IP and set up ten spin-out companies. Recent examples include:

° developing a paediatric imaging chair to ensure that high-quality images can be
taken during kidney scans of children;

®  atraining manikin to help practitioners accurately place hypodermic needles in the
spine region; and

*  the My Diabetes information pack, which provides useful information to patients
while also helping them to manage their condition.

2 Creating Knowledge Creating Wealth: Realising the Value of Public Sector Research Establishments: A Report to the
Minister for Science, Baker, J., August 1999.
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Impact of the PSRE Fund

The commercialisation of research from the Science and Technology Facilities Council is
managed by CLIK, a wholly owned subsidiary company. CLIK is currently involved
in seven spin-out companies from STFC. Between them, these have received around
£12 million of venture capital investment from various sources and employ around 40 people.
In addition to the spin-out companies, CLIK is involved in around 25 potential
commercialisation projects, which might result in licences, spin-out companies or sales
opportunities.

Ploughshare Innovations Ltd, which has been established to manage the commercialisation of
research from the MOD’s agency, the Defence Science and Technology Laboratory, supports
nine spin-out and joint-venture companies (of which three were formed in the past 12 months).
Three of these spin-outs have received investments from the Rainbow seed fund, which was
established to provide early stage capital for marketable ideas emerging from PSREs:

e DP2i (Porton Plasma Innovations), which is developing cold pulsed plasma for applying
oil- and water-repellant nanocoatings to, for example, textiles and medical devices;

*  REMO Technologies, which is developing implantable and surface-mountable sensors
for the wireless measurement of physiological parameters, such as temperature, muscle

tone and heart rate; and

* ProKyma, which is developing biological sample preparation and diagnostics.

Recommendation 4.8

The Government should continue to support PSRE commercialisation. To increase the impact
of the PSRE Fund, the Government should require PSREs with strong track records of
commercialisation to lever in additional funding from other sources. The then-Office of Science
and Innovation (OSI) consulted the community on this proposal and it has their support.
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5.1 The effective commercialisation of research requires not only specific institutional
arrangements to pass knowledge on from research establishments into wealth-creation and public
policy-making, but also an infrastructure of intellectual property rights, standards and metrology,
enabling advances in science and technology to be converted into innovations and new policies.
Intellectual property rights (IPR), standards and metrology oil the wheels of the UK’s innovation

system.
INTELLECTUAL PROPERTY

5.2 In the UK, intellectual property (IP) is administered by the UK Intellectual Property
Office (UKIPO) (formerly the Patent Office). This body is responsible for the award, registration
and enforcement of IP in the UK. It also has a key role in policy formulation and responsibility for

raising awareness of IP issues.

5.3 UKIPO covers all four of the main forms of IP: copyright, trademarks, registered designs
and patents, each of which, as has been shown in Chapter 2, is of benefit to different parts of the
economy and to different sorts of activity. The economic business model of the creative industries

is, for example, very dependent on the knowledge, use and enforcement of copyright.

5.4 Technological change and the rise of emerging economies around the world present a new
range of challenges and opportunities for the system of IPR in the UK. The Gowers Review
recently examined the UK’s IP system and made a number of recommendations for it to make a

greater contribution to raising the country’s level of innovation.

5.5 The first priority for UKIPO over the next few years must be the implementation of the
proposals in the Gowers Review. A number of these are of great importance for the overall
performance of our innovation system: raising awareness of our IP system, facilitating knowledge
transfer, the enforcement of IPR, and work-sharing between UKIPO and other national offices.
Chapter 2 has shown that our performance on IP is reasonable when the UK’s level of R&D is

taken into account. There are, however, plenty of opportunities to improve it further.

5.6 Enforcement, a particular concern raised by the Gowers Review, remains key. Counterfeit
goods and piracy are damaging UK industries, and encouragement should be given to moves by

UKIPO to implement Gowers” recommendations.

5.7 There are two other areas where this Review recommends that action is taken: patent
informatics to inform planning and policy and the introduction of an EU Community Patent, the
latter being also recommended by Gowers. A Community Patent is currently being debated by the
European Union. It would allow individuals and companies to use a single, unitary patent across
the whole of the EU.

5.8 The patent system promotes innovation in two ways. Granting a monopoly right provides
the incentive to innovate by providing inventors with the necessary protection to capitalise on the
effort, time and resources they commit to developing new products and services. In return, the

inventor is required to disclose details about the patented invention, which is then placed on
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publicly accessible databases. These databases provide a rich source of information, which others

can build on and use to develop further inventions and prevent duplication of effort.

The Gowers Review

The UK’s performance on IP indicators will be affected by the structure of both the domestic
system and international arrangements. The Gowers Review of Intellectual Property, which was
published in December 2006, examined in detail the performance of the current IPR system in
the UK. The Review came to the conclusion that the current system is broadly fit for purpose
(i.e. to create incentives for innovation, without unduly limiting access for consumers and
follow-on innovators), but that there is scope for improvement, focusing its recommendations
for reform on the following three areas:

Litigation

Especially in the case of patents, costs of registration and litigation are seen as prohibitively high
by the Review, with litigation costs starting at about £750,000. Costs are driven even higher
when firms seek to use patents internationally, mainly due to translation, legal and other
advisory fees. Other indirect costs are caused by lengthy award processes and highly complex
systems, especially at the international level.!

Enforcement

The Review presented strong evidence that the enforcement of all types of IPR is insufficient.
For patents, this is mainly due to prohibitively high costs of litigation, making it impossible for
smaller firms to challenge infringements, especially on an international basis. For all other forms
of IPR, hurdles to enforcement of IPR consist of a mixture of insufficient regulation, conflicting
priorities for police to tackle IPR infringements and facilitated copying and distribution
through digitisation and the Internet.

Flexibility

The copyright system in particular was found to be lacking in flexibility to accommodate
certain uses of copyrighted material commonly perceived as legitimate and which do not
damage the interests of the rights holder (e.g. formart shifting of sound recordings or written
works for private use or archival purposes). This applies in particular to “orphan works”, which
currently are not commercially available because the rights holder cannot be found. Some
estimates suggest this affects up to 98 per cent of published work under copyright.

5.9 It is estimated that up to 80 per cent of all the applied technical knowledge that exists
today is contained within patent documents and cannot be found elsewhere.? Historically, the
information contained in patent databases has not been fully exploited, with estimates that up to
30 per cent of all R&D projects are merely a duplication of existing technology. This equates to an

annual waste of about £20 billion.?

5.10  One reason why this technical resource is not more fully exploited is that patents
themselves are complex legal documents, possessing their own terminology and associated systems,

which are challenging to comprehend. The sheer volume of information available is also a factor.

' The Gowers Review quotes a finding from a business survey by the Confederation of British Industry that about
70 per cent of businesses were unaware that a UK patent did not secure their invention in other countries.

? Usage Profiles of Patent Information Among Current and Potential Users, European Patent Office, 2003, available
from: http://www.european-patent-office.org/news

3 PATINNOVA 94, Dritter Europiischer Kongref§ iiber Innovation, Management und Patente 6. — 8. Juni 1994
Briissel, Palais des Congrés. Personal communication from Eric Heusser, Prisident des Deutschen Patentamtes
htep://www.hi.is/ ~joner/eaps/wrd_ehau.htm
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A single patent database, provided by the European Patent Office, contains about 60 million
patents dating from 1836 onwards.? The volume of patent data is also increasing daily, with almost
1.6 million patent applications filed worldwide in 2004 alone.

5.11  Patent informatics has been developed to address the need for patent information to be
more accessible. UKIPO is ideally placed, with the technological expertise and access to

sophisticated search and analytical software tools, to enable full access and analysis of this resource.

5.12 The UKIPO has already undertaken analysis of patent data to prepare evidence as part of
a report to the House of Lords Select Committee on Allergens® and a report on “electronic paper”.
Planned work includes more reports on key subject areas, at the instigation of the Knowledge
Transfer Networks (KTNs). The results of such reports can aid the development of a Department
for Innovation, Universities and Skills (DIUS)/Technology Strategy Board (TSB) framework
policy in emerging technology areas. The Office is also exploring how it can use its ability to
analyse patent data to provide information to the commercial sector to help with such things as
trends in technology and monitoring competitor activity, which can help inform strategic

planning. This information should also be used by the TSB in identifying technology priorities.

Recommendation 5.1

Government and business should be encouraged to make greater use of the enormous amount
of technical information contained in patent databases to further innovation, avoid duplication
of research and support informed decision-making. It is also recommended that UKIPO should
continue to develop its expertise in patent informatics to provide information that can aid
government and commercial bodies in strategic planning.

STANDARDS

5.13  Standards have an impact on every area of economic life, supporting safety regulations,
assuring quality of produce and facilitating compatibility of products. New standards can emerge
through a competitive market process, as occurred with the adoption of the VHS videocassette
format over its rival, Betamax, or in the accepted use of the QWERTY format for English-language
keyboards.

5.14 Because standards are a public good from which everyone will benefit, the incentive for
suppliers to create standards can be reduced: if a supplier cannot claim all the benefit from
introducing a standard — and by definition they cannot — the incentive to create a new standard is
much reduced. The market alone, therefore, may not supply the right kind and the right number
of standards. Governments have intervened to fill this gap, providing an increasing range of
standards for a vast range of industries, products and processes. International organisations such as
the International Organization for Standardization (ISO) provide a catalogue of internationally
recognised standards. In the UK the catalogue is maintained by BSI British Standards, part of the
BSI Group.

5.15  BSI British Standards, the UK’s national standards body, represents the UK at all
European and international standards organisations, operating on terms provided by its Royal

Charter and a memorandum of understanding with government to provide a not-for-profit service.

# European Patent Office website: http://internet-p.epo.org

* Statistics on Worldwide Patent Activities, World Intellectual Property Organization, 2006. Accessed 15 May,
2007; available from: http://www.wipo.int/ipstats/en/statistics/patents/pdf/patent_report_2006.pdf

¢ House of Lords Select Committee on Allergens Report, submitted September 2006, available from:
htep://www.parliament.uk/documents/upload/st1 patentoffice.pdf
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The current BSI British Standards catalogue has 27,000 standards, with around 6,000 in

development at any one time.”

5.16  Recent empirical work has atctempted to assess the extent to which standards benefit the
economy. One team of researchers estimated that a reliable standards system had contributed
0.9 per cent towards the 3.3 per cent annual GDP growth in the West German economy between
1960 and 1990 — second only to investment in importance.® Research conducted by the DTI
suggests that as much as 13 per cent of labour productivity growth from 1948 to 2002 was due to
the portfolio of standards maintained by the then-BSI. Over one-quarter of annual technological
growth can be attributed to BSI standards.” This growth is due to the role of standards in
disseminating management practices, technology and other knowledge. It is therefore no surprise
that the High Tech Strategy for Germany, published by the Federal Ministry of Education and
Research in 20006, singles out the importance of a vigorous standardisation strategy, citing early
standardisation as a key element in securing the rapid translation of research into commercial

products and services.°

5.17  These results should be treated with care since the relationship between standards and
innovation is complex. Many other factors interact with the standards system in driving
innovation. Peter Swann compares building an infrastructure for standards to the “pruning and
training of a young tree”: in some places growth must be restrained, in others supported, to
produce a healthy outcome overall.!! Both the constraints and the supports are necessary: by doing
both, standards provide a context for innovation. BSI British Standards lists the following

advantages for innovation through the provision of effective standards:

®  the establishment of common vocabularies, enabling innovators working in
different locations to communicate with confidence about common subject-

matter, without wasting time and effort;

° the acceptance of new technologies by the market-place, through the assurance of
standards and related products;

° the consideration of health, safety or other aspects, as technology moves away from
areas covered by existing arrangements; and

*  the setting of a target for technologies to aim for, in terms of a performance

specification.'?

5.18 Table 5.1, which is based on returns from the EU Community Innovation Survey, shows
that 64 per cent of innovation-active companies in the UK use standards and technical definitions

as a source of information for innovation.

7 About BSI, BSI, at: www.bsi-global.com/en/Standards-and-Publications/About-British-Standards/

* “Innovation, standardisation and the long-term production function: a cointegration analysis for Germany,
1960-1990”, Jungmittag, A., Blind, K. and Grupp, H., in Zeitschrift fiir Wirtschafis-und-Sozialwissenschafien,
119, 1999.

? Economics Paper #12: The Empirical Economics of Standards, DTI, June 2005 p. 4.

' High Tech Strategy for Germany, Bundesministerium fiir Bildung und Forschung, 2006.

" The Economics of Standardisation: Final Report for the Standards and Technical Regulations Directorate,
Department of Trade and Industry, Peter Swann, 11 December 2002.

12 Adapted from British Standards Institution submission to the Sainsbury Review.
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Table 5.1: Importance of sources of information, innovative enterprises only

Source type Per cent
rating

“important”

Internal Within your enterprise or enterprise group 81
Market sources Suppliers 86
Clients or customers 87

Competitors 78

Consultants, commercial laboratories, private R&D institutes 49

Institutional sources Universities or other HEIs 29
Government or public research institutes 31

Other sources Conferences, trade fairs, exhibitions 65
Scientific journals 64

Professional and industry associations 67

Technical, industry or service standards 64

Source: UK Innovation Survey 2005

5.19  There are clear examples of where the current standards system is effectively supporting

innovation. The case studies below show how.

' Nanoparticles for All, JII-Vs Review, 5 June 2005. Available fro:
www.three-fives.com/competitive_complementary_news/June_c_c_news/

060605NanoVocabulary_BSI.htm (accessed 16 April 2007).
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Case study: Ultrasonics

EPL/87 is a committee which prepares, revises and amends British Standards related to the
characteristics (including biological effects and associated limits) and method of measurement
for electroacoustics systems and ultrasonic equipment. The public utility of the work
undertaken by the committee is particularly evident in the medical sphere.

The committee is currently considering standards relating to diagnostic ultrasonic equipment
and physiotherapy systems. Ultrasonics is a relatively new field, and standards documents
currently under development include those dealing with areas of innovation such as underwater
acoustics, pulse-echo scanners and hydrophones.

UK representatives’ involvement has been important to a massive rationalisation of standards
that will make the ultrasonics standardisation process much easier to implement. The UK team
has also been instrumental in pushing the need for standardisation in high intensity focused
ultrasound (a major worldwide growth area that is developing treatments for cancers and other
conditions) to the fore. Currently, this is an area that is without regulation, a clear lead is needed
to ensure safety standards can be developed and applied.

The UK is in the unique position of being seen as the lead nation in ultrasonic measurement
science and is setting a high standard that the rest of the world follows.

METROLOGY

520  The National Measurement System (NMYS) is the Department for Business, Enterprise
and Regulatory Reform (DBERR)-funded infrastructure for the provision of measurement

standards for the UK. Its main roles cover:

*  representing the UK on the General Conference on Weights and Measures, the
international committee that defines measurement units and fundamental
constants, at least four of which, including kilogrammes, are due for redefinition

in coming years;

*  funding the maintenance and development of the national measurement
standards, primarily at the National Physical Laboratory (NPL), but also at LGC
Ltd (formerly the Laboratory of the Government Chemist) and TUV-NEL

(formerly the National Engineering Laboratory);
*  funding research into new measurement standards and techniques; and

*  disseminating knowledge about measurement standards and techniques to user
communities in academia, industry, regulatory bodies and the public sector.

5.21 At the heart of the NMS is the NPL, which undertakes about 80 per cent of government
programmes to support the NMS infrastructure. Alongside the NPL are LGC Ltd, TUV-NEL and
the National Weights and Measures Laboratory.

522  Like other standards, measurement standards are a prime example of a “public good”,
whose provision, potentially, is not optimally provided by a market. As discussed in the section on
standards, a public good does not allow its provider to capture all the returns from its use;
consequently, a market may underprovide the good, offering a rationale for government
intervention. NPL is one of over 50 national measurement institutes (NMIs) performing this role
and is recognised as being in the top three, alongside the National Institute of Standards and
Technology (NIST) in the USA and the Physikalisch-Technische Bundesanstalt (PTB) in Germany.
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For example, NIST benchmarks its performance in advancing and disseminating measurement
knowledge against NPL, and PTB engages actively in collaboration on research and measurement
standards.'® NPL is the first or second most referenced external expert source on NIST and French

national measurement institute websites.

523  In the UK, DIUS leads for the Government in funding measurement standards. Users of
this service, or of goods and services underpinned by measurement standards, include private
companies, government agencies (national and local), NHS trusts, public sector research
laboratories and universities. Although its effects are often largely taken for granted, the total
economic impact of the NMS is undoubtedly substantial. The total contribution of the NMS to
UK GDP was estimated in a report for DTT at around £5 billion per year, or about 0.8 per cent
of GDP.® The development of new standards and research into measurement techniques provide
further means by which the NMS laboratories can boost UK productivity. The dynamic spillover
effects from such research, as evidenced by citations in scientific journals and other forms of
academic knowledge transfer, can be significant. An example of cutting-edge research undertaken

by the NPL is given in the case study below.

Case study: Standardising “naturalness”

Synthetic materials offer numerous potential advantages over natural materials, such as lower
cost, greater consistency and more flexibility of application. But consumers have often
demonstrated a preference for natural goods, making decisions about a product’s quality on this
basis — quickly differentiating between natural and artificial products. If the process of
differentiation between “natural” and “artificial” were better understood, reliable standards of
“naturalness” could be offered, and products better meeting consumers’ needs provided.
Currently, however, such consumer differentiation is unquantifiable and subject to great
uncertainty.

The NPL is leading a multidisciplinary research team looking at how physical characteristics of
materials affect our judgements of those materials. The team is taking a series of complex
measurements of different surfaces, linking specific physical characteristics (like roughness and
reflectivity) to emotional and neurological responses.

To understand how a product is perceived by the human eye, the researchers are using a new
instrument, called IRIS (image replicating imaging spectrometer), that uses pictures of the
object to gather information about a surface’s colour and texture. An artificial fingertip has been
developed that can sense the differences between different surfaces, while insights from the field
of psychophysics enable researchers to understand how humans differentiate between different
physical properties of objects to create our perceptions of the world. When completed, the
research project will provide a new understanding of how humans perceive quality in physical
products, enabling benchmarking and better use of materials.

5.24  The UK instrumentation sector itself is of significant size, with an output of £8.1 billion
each year. The NMS plays a key role in supporting this industry, providing necessary public
infrastructure backed up by a history of world-class measurement support. This enabled the
instrumentation sector to export £5.5 billion of equipment in 2004 (the last year for which figures

are available), some £768 million more than was imported, making the sector a net contributor to

' For example, see page from NIST Annual Report at:
hetp://books.nap.edu/openbook.php?isbn=NI000509&page=130

"5 Review of the Rationale for and Economic Benefit of the UK National Measurement System, PA Consulting,
November 1999, pp. 2-18.

Sainsbury Review 73



Intellectual property, standards and metrology

74

Sainsbury Review

the UK’s trade balance. Approximately 4,500 companies are engaged in the sector (of which 98 per
cent are classed as small and medium-sized enterprises: SMEs, spending a total of £500 million per

annum on research and development: above average, given the sector’s size.!®

Knowledge transfer

5.25 NPL has a long-established knowledge transfer expertise, and recent years have seen a
progressive expansion of the skill base of its knowledge transfer team. NPL now has one of the
largest scientific knowledge transfer teams in the UK, with over 30 knowledge transfer specialists

working alongside more than 400 practising scientists, engineers and technologists.

5.26 Knowledge transfer has been achieved through secondments, consultancies for SMEs and
joint industry projects under the Measurement for Innovators programme, initiated in response to
DTT’s 2003 Innovation Report. This established a series of targets for knowledge transfer that in
all cases the NPL significantly exceeded by 2006 (Table 5.2).

Table 5.2: Measurement for Innovators programme performance

Innovation Report target Achieved
Co-funded projects with industry 15-25 p.a. 37
Product development projects Up to 250 195
Secondments 20 110

Source: NPL

5.27 This is an impressive record of engagement with business, indicating the potendal for
metrology specialists to utilise their unique skill and knowledge sets to support private sector
innovation. Other NMIs are developing similar programmes suited to their strengths, such as LGC

Lid’s range of training courses, available off-site.

528  In response to market developments, NPL has established new capabilities in
biotechnology and micro-nano technology and hosts two of the DIUS’s new Nanotechnology
Centres (CEMMNT and the Bio Nano Centre). It also manages two of DIUSs Knowledge
Transfer Networks (KTNs) (Sensors and Location and Timing). In addition, NPL has established
“Measurement and Standards for Emerging Technologies” forums across the KTN websites,
providing access to online discussions and resources. NPL has identified a number of priority areas

for future development, as detailed in Table 5.3.

' Details taken from UK Instrumentation and EU Calibration Markets, NPL, January 2006, with updated figures
supplied January 2007. Output, export and import figures calculated from GAMBICA figures taken from
PRODCOM, supplied by ONS.
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Table 5.3: NPL — priority technical areas

Biotechnology Nanotechnology
Biopharmaceuticals Scanning probe microscopy
Biodiagnostics Carbon nanotubes for metrology
Bioprocessing Nanoparticle characterisation
Biomaterials Standards for nanotechnology

Communications networks

Mathematical modelling

Signal propagation and information transfer Experimental design, modelling and uncertainty

Complex waveform analysis evaluation
Uncertainties in communication networks Molecular modelling and FE computational

techniques

Environmental measurements Advanced materials

Air-quality monitoring Composites and light alloys

Data analysis and modelling Surface engineering
Airborne particle and chemical analysis Emerging materials

New techniques Lifetime prediction and sustainability analysis

AlMtech

5.29  Drawing on existing on-site support for KT, AIMtech is a proposed industrial incubator
to be located at the NPLs Teddington site. It would provide start-ups in measurement technology
with managed access to the NPLs facilities and scientific expertise. The NPL is particularly well-
placed to provide incubator facilities, having long experience in knowledge transfer, a critical mass
of technical and scientific facilities and expertise, and capacity on-site to provide appropriate
accommodation in an existing building. By building on existing facilities, DIUS and SEEDA

funding can be effectively leveraged, boosting start-ups’ chances of success.

Recommendation 5.2

DIUS should fully endorse the setting up of a new, world-class incubator facility on NPLs
Teddington site (AIMtech) to help measurement and instrumentation start-ups.

530 It is clear from the foregoing that metrology and standards are critical components of the
innovation ecosystem and help bring new technology to commercialisation and widespread uptake.

This has been recognised among our leading competitors.

Recommendation 5.3

In developing its strategy for supporting the development and dissemination of key
technologies, the TSB should systematically consider the role of metrology and standards as part
of its portfolio of targeted interventions and ensure that this strategy is widely communicated
through the relevant KTNs. In allocating resources to these activities, the TSB will clearly wish

to develop management metrics of successful outcomes and maximum impact.
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531  However, standards must be translated into an international setting in order to ensure that

global markets develop in areas of UK capability.

532 In the early stages of a disruptive new technology, the Government can play an extremely
valuable role in stimulating research, establishing communication networks among the different

players, and encouraging the development of the enabling metrology and standards.
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6.1 The availability of finance to transform research into commercial applications is critical to the
functioning of a successful innovation system. Established companies will complete some of this research
and commercialisation; however, smaller, fast-growing technology firms also play a vital role in
delivering innovation and supporting economic growth more generally. The “catalytic effects” of small

and medium-sized enterprises (SMEs) in the innovation process are important.!

6.2 New high-technology businesses can face particular difficulties in securing the necessary
finance to develop from proof of concept through to commercialisation. Capital requirements for
these businesses can be very high, and returns much-delayed, but entrepreneurs may have few assets
available for collateral beyond their own knowledge capital. Business plans are often untested and
immediate managerial experience limited, both factors tending to deter conventional investors.? Few
friends or family members will able to supply sufficient capital and be sufficiently open to risk to
provide adequate funding over an extended period of time. As a result, risk capital provided by

venture capitalists and business angels may be the best available form of finance.?

6.3 However, venture capital functions best with other forms of financing working alongside
it. A successful entrance onto the listed public markets, for example, requires that early-stage
private funding is available; however, that early-stage funding may only be forthcoming when a
clear (and profitable) exit is available to “pull” the system along. These linkages between forms of

finance create the possibility of co-ordination failure between different markets.

6.4 Many of the public sector schemes now in place rely on government bearing some of the
risk of early-stage investment, most frequently through the use of tax-favoured investment vehicles,
such as the Enterprise Investment Scheme and Venture Capital Trusts. There are also schemes in
which government provides matched funding for risk capital investments, such as Enterprise

Capital Funds. These and other programmes are considered in detail later.

6.5 It is important to recognise that the supply of capital is only one element in developing
successful high-technology companies. Elsewhere in this report, we have stressed the importance
of demand for innovative goods and services. As a rule of thumb, a reliable order for a new high-
technology firm is worth about ten times the same value of venture capital investment.* Chapter
8 details ways in which government can help support new, innovative companies through

innovative procurement and a reformed Small Business Research Initiative scheme.

! See, for example, European Commission, Raising EU R&D Intensity: Improving the Effectiveness of Public
Support Mechanisms for Private Sector Research, 2003, p8.

2 Moore, B., “Financial Constraints to the Growth and Development of Small High-Technology Firms” in
Hughes A. and Storey, D.J. (eds.), Finance and the Small Firm, 1994.

% One study found that SMEs pursuing innovative growth also have the lowest debt:equity ratios, indicating the
importance of equity financing. See Jordan, J., Lowe, J., Taylor, P, “Strategy and Financial Policy in UK Small
Firms”, Journal of Business Finance and Accounting 25, 1998.

4 Foundation of Science and Technology conference, 5 June 2007.
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6.6 The UK venture capital market is, by European standards, large and flourishing. It is
supported by a number of government interventions, such as the Enterprise Capital Fund
programme, a recent promising initiative to help boost small firm investment. The growth of the
Alternative Investment Market in the last decade provides venture capitalists with the prospect of
an earlier exit through an Initial Public Offering (IPO), and hybrid spin-out/licensing companies

have emerged to bridge the gap between university knowledge creation and start-up.

6.7 We would like to see the venture capital market grow but do not recommend any major
new initiatives at this stage. It is important to understand the impacts of government’s latest
policies first. We make a number of small recommendations, including the introduction of a
national proof-of-concept scheme through the Business Support Simplification Programme.
Together with our proposals for the reform of the Small Business Research Initiative, the new
formula for the Higher Education Innovation Fund, and the support of the Regional Development
Agencies for incubators, high-technology clusters and business-readiness services, this should

provide a significant boost for investment in early-stage high-technology companies.

UK VENTURE CAPITAL: SIZE AND SCOPE

6.8 Venture capital generally covers investment in newer and ecarlier-stage companies and
constitutes a relatively small proportion of the total risk capital investment market. But it is this
early-stage risk capital investment that is important for high-technology innovation. The UK

accounts for approximately one-third of the total European venture capital market (Table 6.1).

Table 6.1: Selected EU venture capital investments, 2006

Country Investment value (million euros) Deals completed
UK 1,784 515
France 875 195
Spain 491 67
Ireland 439 30
Germany 428 207
Europe total 5,553 1,434

Source: Library House

6.9 The UK’s high-technology sector is the most actively invested in by the European venture
capital community.’> UK venture capital investment in all technology companies (early- and later-
stage) has not recovered to the heights of the dotcom boom, stabilising at around £600-700
million per year — but this is approximately double the pre-1996 average.® The ebbing of high-
technology investment after the dotcom bubble left behind a larger and more secure financial
infrastructure for innovative investment in general. This “learning effect” is one important spillover
from the bubble. Nonetheless, previous reports have indicated the existence of an “equity gap” of
between £250,000 and £2 million, where companies (particularly newer companies) find barriers

to accessing growth capital.” The following box details the likely causes of this gap.

5 The Ball’s in Our Court: UK Technology at a Critical Juncture, Deloitte, 2005, p. 15.

6 The Economic Impact of Private Equity in the UK, BVCA, 2005, Appendix E.ii.

7 Bridging the Finance Gap: Next Steps to Improving Access to Growth Capital for Small Businesses, HM Treasury
and Small Business Service, December 2003.
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Causes of the equity gap®

* Information asymmetries: potential investors can find locating promising investments a
difficult and costly process since they are not fully informed about all potential investments.
These information problems are likely to be particularly great for early-stage companies using
innovative technology or techniques since there is generally less existing market information
upon which to base investment decisions.

e Transactions costs: where the costs of negotiation and contracting are significant, smaller
investments appear much less attractive. This affects those entrepreneurs looking for smaller
sums of money.

* Perceptions of risk and reward: where expectations about an investment’s future potential
are incorrect, investors will allocate a sub optimal amount of investment. If high-technology
investments are perceived as riskier than they are, they will receive too little funding.

6.10  These issues are more often a problem for early-stage and high-technology firms.” The
innovation cycle itself, requiring extended periods of product research and development, with
frequent (and often relatively large) capital input, can create problems for financing (see Table 6.2).
For example, small biotechnology firms, with typical product development cycles of 10-15 years,
are particularly vulnerable.!” One study of UK SMEs found that firms with relatively high R&D
expenditure were more likely to report financing constraints precisely as a result of perceived
greater risks,'! and due diligence requirements have been found to be differently applied by venture
capitalists between technology and non-technology investments.'> This may, of course reflect the

length of product development and an investor’s target period over which to make a return.

Table 6.2: New technology development times (years)

Stage/industry Innovation  Proof of  Proof of Exploitation Total
technology market length

Life science therapeutics 2 5.8 0.5 0 8.3
Biotechnology services and processes 1 0.75 1 0.8 3.55
Diagnostic innovation 1 1 0.5 0.5 3.0
Life science medical devices 1.5 2 1 0 4.5
Life sciences — veterinary 2 2 1 - 5
Microelectronics 0.8 2 1.5 1 5.3
Optoelectronics - 2 1 - 3
Creative digital industries (large devices) - 2 0.25 — 2.25
Creative digital industries (mobile) 0.75 0.5 0.25 — 1.5
Energy 1.5 1 1 1 4.5
Other emerging technologies 1 1.75 2.6 1.5 6.8
Drug development timeline 5 9 1 - 15
All industries average - - - - 6to 8

Source: Scottish Enterprise, Proof of Concept Programme Evaluation: Final Report

8 Taken from HM Treasury, ibid., Box 2.2.

9 See “The Financing of Technology-Based Small Firms: A Review of the Literature”, Bank of England, Bank of
England Quarterly, Spring 2001, for a summary.

0 High-Technology New Firms: Variable Barriers to Growth, Oakey, R.2, 1995.

! “Financial Constraints on the Growth of High-Technology Small Firms in the UK”, Applied Financial
Economics 7, Westhead, P. and Storey, D.]., 1997.

12 See, for example, “Do UK Venture Capitalists still have a Bias Against High Technology Investments?”,

Research Policy, Lockett, A., Murray, G. and Wright, M., 31:6, 2002.
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EARLY-STAGE VENTURE CAPITAL INVESTMENTS

6.11  The overall amount of funding for early-stage high-technology companies'® has fallen but
remains higher than in the 1990s. The value of funds flowing into these companies in the UK has
slid significantly from its 2000 peak of around £500 million, stabilising in recent years around
£200 million (Chart 6.1).

Chart 6.1: Value of venture capital investment in high-technology
early—stage companies
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6.12 However, legitimate concerns remain around the smaller and riskier end of the venture

capital market. Early-stage high-technology investment is not, at present, producing high returns,'
and as a result capital is flowing towards the larger end of the market, where low interest rates have
enabled cheap, leveraged investment with relatively less risk and a greater prospect of good returns.
Most institutional investors have shifted funding to the later stages of development, where a
company’s track record and scalability imply a higher potential for growth." Significant recent
growth in early-stage venture capital has not boosted early-stage high technology. The proportion
of early-stage venture capital investment flowing into high-technology firms fell substantially in
2006, from 67 per cent of all funding in 2005 to 23 per cent in 2006 (Chart 6.2).1¢

13 Defined by BVCA, whose figures have been used in this report, as including communications, computers
(hardware, software, semiconductors and Internet), biotechnology, health industries (pharmaceuticals, health
services and instruments) and two generic categories of “other electronics related” and “other”.

14 PwC/BVCA data suggest that returns on post-1996 funds up to this year are averaging —1.9 per cent.

15 Submission from Design Council, CBI, NESTA, EEE, UNICO, IFM.

16 BVCA figures.
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Chart 6.2: Percentage of all early-stage venture capital financing received
by technology companies
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6.13  Alternative financing models, described below, have emerged and become important ways
to meet the demand for capital. As described in Chapter 4, on knowledge transfer, this demand

(emerging in the form of spin-outs from our universities) is of an increasing quantity and quality.
BUSINESS ANGELS

6.14  The term “business angel” was coined to describe the activities of individual investors who
specialise in providing finance to new starts and early-stage firms in return for an (often substantial)
equity stake. They are typically wealthy individuals, usually with significant prior managerial or
entrepreneurial experience.!” They differ from venture capitalists in generally being sole investors,
often reliant on their own finance, rather than managing a fund; it is, however, increasingly
common for business angels to group themselves in networks and syndicates to search for and

make investments.

6.15  The advantages of business angel investment are similar to those for venture capital more
generally: an angel can provide both the finance and the business experience where both might
otherwise be lacking.'® In addition, angels can fill a gap in carly-stage financing, since venture
capital funds will often not consider investments below a threshold (typically around £250,000),
since search and due diligence costs can be lower for informal investors. There is some evidence of
complementarity between the two forms of finance, venture capitalists providing expansion capital

to firms that had earlier received angel finance.

17 “Informal Venture Capital in The UK”, Mason, C.M. and Harrison, R.T. in Hughes, A. and Storey, D.J. (eds),
Finance and the Small Firm, 1994. They found that 70 per cent of angels have founded more than one business.

18 The New Economy: Beyond the Hype — The OECD Growth Project, OECD, 2001, pp 74-76.

19 “The Financing of Entrepreneurial Firms in the UK: A Comparison of Business Angel and Venture Capitalist
Investment Procedures”, van Osnabrugge, M.S., Hertford College, Oxford, cited in Bank of England, The
Financing of Technology-Based Small Firms: A Review of the Literature, Bank of England Quarterly, Spring 2001.
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6.16  The Government introduced business asset taper relief in 1998, allowing significant relief
from capital gains tax on longer-term business asset holdings, and has created a favourable
environment for private wealth-holders to invest in new firms.?® The Enterprise Investment
Scheme, introduced in 1994, provides significant tax reliefs for private investors in small businesses

and offers attractive incentives for business angels.

6.17  The amounts invested by business angel networks in the UK have more than doubled, from
£14.1 million in 2003 to £28.9 million by 2005.?' Though uncertainty exists over numbers, in
2000 there were estimated to be 20,000 to 40,000 business angels in the UK, making 4,000 to
6,000 investments annually, with a total value of between £0.5 and £1 billion. Angels are less
inclined to invest in technology than formal venture capitalists, with 24 per cent of angel finance
going to technology sectors, compared with 44 per cent of venture capital in the same survey

period.?> Only 5 per cent of angels are technology specialists.”?

6.18 UK angels typically invest in a very small proportion of the opportunities they see.?* This
could reflect the low quality of many proposals, the lack of “investor readiness” of these businesses,
the very significant risks involved in business angel activity, or a combination of these factors. It
might, of course, simply reflect lack of money, but surveys tend to suggest that angels have

substantially larger sums available for investment than are actually committed.?

THE ALTERNATIVE INVESTMENT MARKET, THE MAIN
EXCHANGE AND INITIAL PUBLIC OFFERINGS

6.19 The Alternative Investment Market (AIM) was established by the London Stock Exchange
in mid-1995 to provide a means for smaller and growing companies to access capital on a public
market, potentially bringing them improved liquidity and access to more significant investment
funds. The regulations for entry and trading on the market are less stringent than on the
conventional stock exchange, with companies requiring no specific trading history or minimum
size before listing. The intention was to provide a bridge between the types of finance often

available to early-stage companies and those available for established firms.

20 Benchmarking Business Angels, European Commission: Enterprise Directorate, November 2002, “Best practice
case 37, p. 23.

21 British Business Angels Association, BBAA Statistics 2005; BBAA at www.bbaa.org.uk Note that this is
the amount invested through BBAA participating networks, not the total amount of angel activity, so is
indicative only.

22 “The Financing of Entrepreneurial Firms in the UK: A Comparison of Business Angel and Venture Capitalist
Investment Procedures”, van Osnabrugge, M.S., Hertford College, Oxford, cited in Bank of England, “The
Financing of Technology-Based Small Firms: A Review of the Literature”, Bank of England Quarterly, Spring 2001.

) Figure given in Bank of England, “The Financing of Technology-Based Small Firms: A Review of the
Literature”, Bank of England Quarterly, Spring 2001, p. 73.

e Benchmarking Business Angels, European Commission: Enterprise Directorate, November 2002, p. 11.

2 “Supporting the Informal Venture Capital Market: What Still Needs to be Done?”, Mason, C.M. and
Harrison, R.T. Report to the DTI, cited in Bank of England, “The Financing of Technology-based Small
Firms: A Review of the Literature”, Bank of England Quarterly, Spring 2001.
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Chart 6.5: AIM listings, 1995-2006
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6.20  Currently, 1,639 companies are listed on AIM, covering a very broad range of sectors
(Chart 6.5). AIM has played an important part in supporting the growth of early-stage companies,

providing investors with a clear exit strategy.

6.21  AIM acuributes much of its success to the use of nominated advisors, or Nomads, who are
appointed to every company listed and assist them through the processes of listing, trading and
potentially eventual delisting and transfer to the main market. There are parallels between their role
and that offered by some venture capitalists and business angels, in that Nomads attempt to advise
and support their nominated companies, although their role is considerably more circumscribed
by trading regulations and more clearly linked to the administrative processes of market

registration and managing trading.%°

26 AIM: The Most Successful Growth Market in the World, London Stock Exchange (n.d.).
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6.22 It has been suggested that some companies are encouraged to list too early in their life,
with AIM acting as a substitute for venture capital funding. Nonetheless, recent signs are
encouraging. A critical determinant of liquidity on a market is the presence of institutional
investors able to deliver the very large capital sums that technology companies require for later-
stage growth. Institutions have increased their share of the value invested in AIM from 35 per cent
of the total in 2003 to nearly 67 per cent by the third quarter of 2006.”” This suggests an
improvement in AIM liquidity and the strengthening of the IPO market.

6.23  The main London exchange is one of the world’s leading stockmarkets, with an average
daily traded value of £6 billion.?® To facilitate and promote trading in high-technology shares, the
London Stock Exchange maintains the techMARK index, consisting of high-technology
companies listed on the main market. Conventional indices, such as the FTSE100, bracket firms
by their size to give an average performance. techMARK differs in using a basket of firms selected
by their output, enabling high-technology companies to be tracked against their peers and so
allowing their performance to be more adequately assessed, promoting investment. By creating
liquidity for high-technology investment at the very top end of the market, this should provide the
backward linkages into smaller markets. The total IPO market was strong in 2006: over £17.7
billion was raised through public offerings, up 35 per cent from 2005. However, of this only 2 per

cent was used to fund high-technology companies.

New models for university spin-outs

6.24  The past decade has seen a rapid increase in the number and quality of high-technology
spin-out companies from UK universities (see Chapter 4 on knowledge transfer for further details).
Evidence suggests that, whilst they have learned quickly in the past ten years, the performance of
UK universities’ Technology Transfer Offices (TTOs) is mixed, with substantial variation between
the best and worst performers. Universities in regions with high R&D levels and GDP appear to
be more efficient at technology transfer, implying that there are considerable cluster effects from
university and high-technology company location.?” Where these cluster effects are lacking,
universities may find effective technology transfer a difficult task, especially given the relative

inexperience of many offices.

6.25  In recent years, a number of hybrid operations have emerged to help bridge the gap
between university knowledge creation and start-ups. There are now at least four distinct hybrid
spin-out/licensing companies operating in the UK, including Intellectual Property Group (IG
Group, formerly IP2IPO), bioFusion and ULive. In addition, the UK arm of Angle, a US specialist

in intellectual property commercialisation, has signed a deal with the University of Reading to

Y Institutional Investors in AIM 2006, Growth Company Investor in association with Teather and Greenwood,
Summary available at www.londonstockexchange.com/NR/rdonlyres/E416463D-CB0B-4949-B33E-
8F7DAFD3DAAA/0/Institutionallnvestors4pp2006.pdf

28 As of December 2006. “Exchange Completes Record-Breaking Year with a Spring”, London Stock Exchange,
9 January 2007. Available at www.londonstockexchange.com/NR/exeres/F330C221-C907-40F5-9AA0-
22CC7F41E70E.htm

2 Assessing the Relative Performance of UK Technology Transfer Offices: Parametric and Non-Parametric Evidence,
Rensslaer Working Papers in Economics #0423, Chappel, W., Lockett, A., Siegal, D, and Wright, M.,
December 2004. IP Group rapidly transfered into AIM and then onto the Official List, with less than three
years between its first AIM listing in October 2003 and admission to the full London Stock Exchange list in
mid-2006.
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commercialise its intellectual property. All operate a similar, well-defined business model, signing
long-term contracts with universities (or university departments) for exclusive access to their
intellectual property. In effect, the partner university hands over an exclusive licence for its

property, removing them from direct input into the commercialisation process.

6.26  IP Group, established in 2001, helps its university partners establish routes to
commercialisation for their intellectual property, whether through the creation of spin-outs or
licensing. It now works with ten partner universities and, as of 31 December 2006, had established
53 portfolio companies from its partnerships, of which eight have listed on AIM, one on PLUS
markets and two have sold to trade. In 2004, the IP Group acquired a dedicated venture capital
company, Top Technology Ventures, and in summer 2006 launched IP Venture Fund (in
collaboration with the European Investment Fund) to work as a traditional seed-finance provider
alongside its core function as a facilitator between academics and entrepreneurs. Modern
Biosciences, Modern Water and Modern Waste were all set up as subsidiaries to search out
innovation opportunities within their broad, thematic areas, rather than marketing technology as
it emerges in partner universities. IP Group rapidly transferred into AIM and then on to the
Official List, with less than three years between its first AIM listing in October 2003 and admission
to the full London Stock Exchange list in mid-20006.

6.27  bioFusion was established in 2002 to promote technology transfer from UK universities.
In January 2005, it signed a £500 million deal with the University of Sheffield to promote high-
technology spin-outs based on the university’s intellectual property, granting bioFusion exclusive
access to the university’s intellectual property for ten years. bioFusion performs the same function
as IP Group: matching up university intellectual property with finance, and with managerial and
marketing experience, to create new companies and support their initial growth. In January 2007,
bioFusion signed another ten-year deal with Cardiff University, on the same terms as the original
Sheftield contract. At present, bioFusion maintains 24 companies in its portfolio, with rights to an

estimated £114 million annual research spend across the two universities.

6.28 It is too early to fully assess the long-term prospects for such public—private sector
partnerships, but most expect the “trend for innovation” in this field to continue.*® Survey evidence
from Library House into university technology transfer suggests that those universities who have
outsourced their TTO operations are “very happy” with their deal; those whose TTOs remain in-
house are more sceptical. These results are not too surprising. It is noticeable that a consensus
among technology transfer managers appears to regard TTO outsourcing as more suitable for
smaller universities with more limited deal flows. Library House concurred that “IP
commercialization companies do seem to have at least the potential to deliver efficient technology

transfer in partnership with small and medium universities”.%!

30 See, for example, Quester’s Report, Building Viable University Spin-Outs, October 2000.
31 Spinning Our Quality: University Spin-Out Companies in the UK, Library House, March 2007.
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THE ENTERPRISE INVESTMENT SCHEME

6.29 The Enterprise Investment Scheme (EIS) was established in January 1994 as the successor
for the Business Expansion Scheme (BES), to encourage investment into small higher-risk
companies. Subject to some restrictions, it provides investors in such companies with a range of tax

reliefs, covering income tax and capital gains tax.

6.30 The amounts invested since the introduction of the EIS have been significant, and a
substantial volume of capital has flowed through the EIS into new start-ups and early-stage
companies (Table 6.3).

Table 6.3: Number of EIS companies and amount invested, financial year

New All Number of Amount

companies companies  subscriptions invested

(£ million)

1996-97 474 651 11,809 94.3
1997-98 532 725 11,387 113.4
1998-99 1,036 1,267 15,341 294
1999-00 1,639 2,104 29,347 613.5
2000-01 2,376 3,311 45,709 1,061.0
2001-02 1,684 2,854 25,478 758.5
2002-03 1,336 2,452 27,613 666.4
2003-04 1,133 2,157 28,088 624.7
2004-05° 1,109 2,066 31,281 585.9
2005-06° 634 1,463 23,691 462.7
Total® 12,902 20,285 262,097 5,418.70

Source: HMRC figures
“ Provisional figures

b Provisional figures
¢ Total includes incomplete figures for 2006-07

6.31  The measure has had some impact on the sectors where the risk capital market failures are
claimed to be greatest — principally by incentivising the provision of risk capital to early-stage
technology companies. Table 6.4 indicates that 55 per cent of new EIS share issues over
2005-2006 were for technology companies, as defined by the standard Trade Classification
Numbers. Over the lifetime of the scheme, nearly one-quarter of EIS shares by value have been

issued for technology companies at any stage of their life.
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Table 6.4: EIS investment by sector and company age (percentage value invested)

Percentage of Percentage of Percentage all

investment in all 2005-06 investment over

companies new to EIS investment lifetime of scheme

Technology 55 23 23.9
Manufacturing 25.5 13.4 14.1
Business services 19.5 14.8 11.7
Wholesale and retail 13.7 10.4
Entertainment and personal care 10.6 11.8
Hotels, bars and catering 7.5 8.8
Chemicals and pharmaceuticals 5.3 4.3
Transport 3.5 4.9

Source: HMRC figures

6.32 However, this Review has received submissions detailing the particular difficulties the
speed of use requirement causes for some early-stage high-technology companies.?> Standard EIS
investment requires that companies begin trading within two years of receiving funding for the
investor to receive the available tax reliefs, and that 100 per cent of money raised is spent within
two years. Investors should not, however, be forced to invest too quickly, and biotechnology
companies in particular work on much longer timescales: after initial investment, a typical business
plan will require early-stage investment over a four to five year horizon, often running to very large
sums, before trading takes place. The Bioscience Industry Association reports that two-thirds of its

members claim this causes difficulties in acquiring funds.?

Recommendation 6.1

The conditions of the EIS scheme concerning the time constraints for the start of trading and
the expenditure of money raised should be reviewed.

VENTURE CAPITAL TRUSTS

6.33 The Venture Capital Trust (VCT) scheme was started in April 1995. It is designed to allow
individuals to invest indirectly in small, higher-risk companies by buying shares in a VCT that
holds a portfolio of investments in smaller, unquoted companies. VCTs have a number of tax
advantages designed to reduce the risks of investment in smaller firms. Like under the EIS, VCT
investors can claim significant reliefs on their income and capital gains tax in relaton to

gains made.

6.34  VCTs have raised about £3 billion since the scheme’s inception across a series of managers
and vintages. Changes in regulation and tax policy have impacted on the amount raised each year
with no long-term trends developing. For example, 2005-06 tax year saw the largest amount
raised at £790 million, however this fell to £270 million 2006-07.34

32 See for example Oxford Technology Management submission to this Review.
33 BIA submission to this Review.

34 Allenbridge Tax Shelter Report, 2007.
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6.35  The tax incentives for investing in VCTs make a large difference to the performance of the
funds for an individual high-rate paying investor. The average weighted performance of the VCTs
from the 2001-02 tax year is 1.45 per cent per annum internal rate of reform (IRR), compared to
FTSE all-share performance of 8.87 per cent per annum and AIM of 6.34 per cent. However, with
the income tax reduction at purchase then the figures look more compelling. With a 20 per cent
income tax relief the performance increases to 5.74 per cent, 8.41 per cent at 30 per cent relief and
11.58 per cent with a 40 per cent relief.?> There is also no capital gains tax to pay subject to below
conditions. These figures also hide the large differences between specific managers before the tax
benefits are taken into consideration; the 2000—01 tax year had one fund returning 7.41 per cent

whilst at the other end of the scale a loss of 19.71 per cent before 2004 when the fund was merged.

636 There has been a tendency in recent years towards an increase in the size of each
investment. This may reflect the trend in venture capital more generally, as smaller investors

become more wary of high-risk investment following the dotcom crash.

6.37  There has been a movement away from high technology to more risk-averse portfolios.
There is again a large variety in managers, with some technology investments going into applying
current science and some mixing high science investments with asset-backed investments to

provide steadier returns.

6.38  The EIS and VCTs have been reasonably effective implements for channelling funds into
new and early-stage companies, with some success in providing finance for high technology and
other innovative sectors. Nonetheless, the assessment here is incomplete without the

counterfactual: had they not existed, would the pattern of investment have differed?

6.39  Research commissioned from PACEC by HMRC suggests that for both the EIS and VCTs
the bulk of funds raised would not have been raised without the schemes’ existence. Although
difficult to assess, PACEC estimates that around 57 per cent of EIS funding, and 82 per cent of
VCTSs’ would not have been invested without the schemes (and the tax-privileges) in place. They
estimate the tax foregone as being up to 66p for every additional £1 of EIS funding raised, and 41p
of every additional £1 of VCT funding. In addition, there is qualitative evidence to suggest that
the presence of both schemes enabled new firms to benefit from the managerial experience the EIS
and VCTs mobilised alongside additional capital.>®

6.40  Long-term investment may be needed to build and grow a high-technology business.
There is scope for further refinement. The market pressures that push investors towards less-risky
and shorter-term investments were identifed earlier in this chapter: a market failure exists in which
and investors cannot always optimally price the risks involved in high-technology investments.
Relatively small amounts of finance committed by private individuals, who — in addition to the
finance capital — can bring valuable market and management experience to a new high-technology

firm, are important.

6.41  The current system of reliefs available to business angel investors, principally in the EIS,
was devised over a decade ago to deal with a generic market failure in the provision of finance for
smaller, higher-risk firms and has proved broadly successful in that objective. But there are specific

difficulties facing some new and early-stage high-technology companies.

35 Allenbridge Tax Shelter Report, 2007.
36 Research into the Enterprise Investment Scheme and Venture Capital Trusts, PACEC, April 2003 at
www.hmre.gov.uk/research/summary.pdf. Accessed 12 February 2007.
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comply with state-aid rules. Tax reliefs and other forms of assistance can be provided. YIEs are
companies up to six years old and investing a minimum of 15 per cent of their expenditures on

R&D, and are therefore of particular interest to this Review.

Recommendation 6.2

Consideration should be given by government to utilising the Young Innovative Enterprises
(YIE) definition to provide targeted support for investment in new high-technology businesses.

“FUNDS OF FUNDS” AND ENTERPRISE CAPITAL FUNDS

6.43 A “fund of funds” is a way to diversify risk among private equity investments. By pooling
numerous discrete investments, the uncertainties attached to each can be spread out, in a manner
similar to conventional portfolio investment. Placing the fund under expert management furcher
reduces the risks involved. Of course, by diversifying risk (and paying management fees), potential
returns are reduced: nonetheless, for more risk-averse investors, a fund of funds may be an ideal
way to move into discrete, private equity investment. An example of a highly successful,

government-backed fund of funds is given in the case study below.

The Yozma high-technology fund

The Yozma programme was established in 1993 to attract foreign investment into Israel’s high-
technology industry. Ten venture capital funds were established, each with $20-$25 million of
total capital, the Isracli Government providing approximately 40 per cent of the capital. Each
fund was charged with investing in high-technology companies A substantial inventive was also
provided by giving investors the option to buy out the Government’s share at a fixed price after
five years.

A total of $210 million was under fund management at the scheme’s close, and Yozma made 15
direct investments in high-technology new businesses, of which nine led to successful IPOs.
Nine of the ten funds exercised their option to buy out the Government share, indicating the
scheme’s success. Yozma has been attributed with playing a major role in establishing the
thriving Israeli venture capital industry, now worth over $10 billion with 80 separate venture
capital funds.

Critical to the success were the presence of government funds, which provided credibility, and
the significant incentive effect provided by the five-year option to buy.?”

6.44  The UK High Technology Fund was established by the then Department of Trade and
Industry (DTT) in 2001 as a 13-year fund of funds aiming to encourage investment, especially by
institutional investors, in high-technology venture capital. Part of the impetus for this came from
the Myners Report into institutional investment, which noted the apparent disinclination for UK
institutional investors to put money into smaller venture capital deals. A sum of £20 million was
allocated by the DTT, with £106 million eventually being invested by 23 private sector institutional
investors, mainly within the UK. The entire £126 million fund was managed by Westport Private

Equity after a competitive selection process.

37 Taken from The Emergence of Innovative Clusters: Lessons from the Israeli experience, Teubal, M., June 2006.
Available at www.trabajo.gov.ar and Yozma Program, Israel Venture Association. Available at
www.iva.co.il/content.asp?pageld=37
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6.45  Two principal conditions were placed on the Fund: first, it needed to meet an IRR of 10
per cent: if less than this was earned, up to £20 million could be paid back by the DTI. This
arrangement removed a substantial part of the risk for private investors. Second, investments from

the Fund had to live up to the Fund’s name by investing in UK high-technology businesses.

646 The Fund’s lifetime has not yet expired, so it is too early to make a conclusive assessment.
By UK high-technology standards, returns to the Fund have been impressive: but they have (as is
usual for the sector) taken a long time to mature, meaning the Fund is unlikely to reach its 10 per
cent hurdle rate. The Fund has stimulated interest in the asset class, and encouraged institutional
investors to stay in that asset class, while Westport has demonstrated the commercial viability of
such ventures by launching its own, privately financed fund of funds. By encouraging institutional
investors into early-stage venture capital, a well-supported fund of funds can both increase the
supply of capital to needy early-stage companies and help sustain a well-informed and effective
venture capital community. It should be recognised by the Government, however, that returns to
such investments will not be immediate, requiring a long-term commitment to deliver funding.

Funds’ success measures should reflect this.

6.47  Enterprise Capital Funds (ECFs) were established following the Bridging the Finance Gap
consultation. The first round of funds, Pathfinder, launched in 2006, was backed by £81 million
of Government money. In an ECF the Government will provide up to twice the amount of private
investment raised but will take a lower share of the profit of each fund. This gearing enables
investors in successful funds to achieve a higher return on their investment than they would
otherwise. By enhancing the private investors potential return in this way, the Government hopes

to improve the attractiveness of equity gap funds to investors.

6.48  Restrictions on investments made using ECF money are intended to ensure monies are
targeted where there are market failures: no single investment can exceed £2 million and only
qualifying SMEs with high growth potential are eligible. The involvement of professional fund

managers and private investors ensures that investments are made on sound commercial terms.

6.49  The Pathfinder competition for ECFs sought to test the attractiveness of the model for UK
investors. It attracted 45 bids, many of which had strong private investor backing. The
independent Capital for Enterprise Board eventually recommended that five funds be awarded
ECF status. Those funds are targeting investments in: sustainable technology, life sciences and
high-technology firms; firms at an early stage of development; and more generally in SMEs with
high growth potential. A second-round competition closed in February 2007, with successful

funds to be announced later in the year.

6.50  This Review considers that ECFs are a promising means to deliver very-early-stage
financial support, encouraging venture capital into the asset class. Initial reports indicate that they
are effectively fulfilling the role played elsewhere by dedicated technology funds of funds and

should continue to receive support.
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PROOF-OF-CONCEPT FUNDING

6.51  Many potential business ideas and incipient technologies emerge from academic research,
but since most research funding is directed at the publication of new knowledge, it is not used to
further develop the technologies or business ideas. At the same time, private investors and
institutions can be wary of investing in very high-concept projects, perceiving the risks to be too

high to justify their commitment.

6.52  There is therefore a case for proof-of-concept funding provision by public sector
institutions such as the Government or Regional Development Agencies (RDAs). Feedback from
businesses, advisors and venture capitalists suggests that the most effective form of support for early
stage innovators (particularly in the technology sector) is the proof-of-concept model.*® Successful
funds have worked closely with participating universities, and some have attracted small amounts

of private financing.

6.53  One of the most successful examples of such a scheme is Scottish Enterprise’s Proof-of-
Concept Fund, established in 2000 to provide funding for researchers in Scottish universities,
research institutes and the NHS. In total, £50 million has been set aside for the Fund, with £39
million from the Scottish Executive and £11 million from the European Regional Development
Fund. So far, £30 million has been paid in seven funding rounds to 172 projects (from more than
750 applications); however, alongside the money, the fund has also provided mentoring and some
business support for researchers, helping to ease the move towards commercialisation. To date, 27
new companies have been formed, with ten more in the pipeline, and 23 licences have been

granted from proof-of-concept funded projects.
6.54  Table 6.5 shows the outcomes after seven rounds of funding,.

Table 6.5: Outcomes from Scottish Enterprise proof-of-concept fund

Status Number Finance provided by Finance
Scottish Enterprise leveraged

(£ million) (£ million)

Spin-outs/Start-ups 27 4.8 21.0
Stand-alone licences 5 0.6 0.5
Collaborations 7 1.1 5.4
Progressing to commercialise 31 5.2 5.5
No commercial outcome 41 5.8 1.5
Total 111 17.5 33.9

Source: Scottish Enterprise

6.55 According to a PwC evaluation of the Fund, over its first six rounds (2000-05), over £124
million of extra value-added was created from around 184 proof-of-concept projects, creating 500
jobs. Eighty per cent of these, in PwC’s estimation, would not have existed without the additional
funding. The fund attributes its success to rigorous budgetary control over projects and to active
commercialisation support, with dedicated project management groups overseeing each successful

application.

38 Submission from Design Council, CBI, NESTA, EEE, UNICO, IFM.
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6.56  Although there have been some criticisms of the Fund, not least when an early spin-out,
Essient Photonics, collapsed in 2003, its demonstrable success has prompted calls for UK-wide
schemes to match what some RDAs are already attempting. One Northeast, for example, provides
finance for the North East Proof-of-Concept fund, offering loans up to £60,000 to technology
SMEs and those “within the North-East’s research base”.*” The scheme is linked to regional
Centres of Excellence, which are business- and university-led support networks that provide
laboratories and office space to develop early-stage technologies. Universities in London have
established the Heptagon Fund, covering life science proof-of-concept in colleges with substantial
life sciences engagement,®” and the Emerald fund, covering creative industries’ proof-of-concept

develo pment.41

Recommendation 6.3

A nationally agreed specification for proof-of-concept funds should be developed subject to the
Business Support Simplification Programme (BSSP), drawing on current best practice. It
should cover:

* rigorous project management and budget control over funded projects;
* well-defined outcomes and objectives for the fund;
* carefully specified application criteria and independent assessment of commercial potential;

* a strong focus on strengthening “investor readiness’; for example, access for entrepreneurs to
managerial and investment expertise through a dedicated mentor; and

e awards to bring access to facilities (e.g. linked to Enterprise Hubs and Centres of Excellence)
to support concept development.

6.57  The specification could be run through the RDAs (see Chapter 10), who would provide
resources for the three elements: funding, mentoring and facilities. Science and Innovation

Councils should oversee the programme along BSSP nationally agreed lines.

3 See description at North East Proof of Concept Fund at www.onenortheast.co.uk/page/proofofconceptfund.cfm.
Accessed 19 March 2007.

40 These are Queen Mary, University of London (lead), King’s College London, Royal Veterinary College, St
Georges Hospital Medical School, School of Pharmacy, Birkbeck University of London, London School of
Hygiene and Tropical Medicine and Institute of Cancer Research.

#1 Colleges involved in Emerald are London Metropolitan University (lead), London South Bank University, City
University, Goldsmiths University of London, University of Greenwich, University of East London, Middlesex
University and Ravensbourne College of Design and Communication.
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DEMAND AND SUPPLY OF SCIENCE, ENGINEERING AND
MATHEMATICS (STEM) SKILLS

7.1 Business relies on world-class skills to innovate and compete, and evidence suggests that
the UK’s productivity gap with countries such as France and Germany is partly linked to the
relatively poor intermediate skills of workers in the UK.! It is not possible to predict future
economic conditions with certainty, but we can be sure that demand for skills will grow inexorably.
In a world in which the UK’s competitive advantage will depend increasingly on innovation and
high-value products and services, it is essential that we raise the level of our science, technology,
engineering and mathematics (STEM) skills. Policy-making in many areas of government also

requires a supply of creative young scientists and engineers.

7.2 Compared to other OECD nations, the UK has a reasonable stock of STEM graduates.?

However, a closer look at the situation reveals some potential problems ahead.

7.3 If we break down the headline figures of graduates, a mixed picture emerges, with a
worrying decline in certain key subjects, including chemistry, engineering and technology. At the
same time, the numbers of graduates in forensic science, psychology and sports science have

increased very rapidly in recent years.

7.4 Looking to the future, the pipeline of STEM students is a concern. In the past three years
there has been a recovery in the number of students taking A-level biology and chemistry. As a
result the 10-year picture shows only a modest decline. In the case of A-level physics we are
looking, however, at a 20-year decline. The number of students taking A-level mathematics fell in

2001-02 and is now recovering.

v Prosperity for All in the Global Economy: Review of Skills, Leitch, S., December 2006.
2 Economics Paper No. 16: Science, Engineering and Technology Skills in the UK, DT, March 2006.
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Chart 7.1: A-level entries for science subjects at schools and colleges
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7.5 The UK also has a poor level of intermediate and technician-level skills. In OECD
comparisons of 30 countries, we score eleventh on “high” but only twentieth on “intermediate”
skills.? The Leitch Review noted that in spite of improvements over the past decade, the proportion
of adults in the UK lacking at least a Level 2 qualification is more than double that of the best
performing countries. This is a serious concern and the Leitch Review proposed a number of major

reforms to tackle the situation.

7.6 The Ten-year Framework (July 2004) and Next Steps document (March 2006) announced
measures to address the STEM skills challenges and signs of progress are now emerging. The total
number of people recruited to train as science teachers in 200607 was 3,390 (compared with
3,060 in 2001-02). In mathematics the total number starting to train as teachers was 2,290,
compared with 1,860 in 2001-02.

7.7 However, there are significant shortages of qualified teachers in key subjects, and it is clear
that more needs to be done urgently. Our analysis suggests that solutions can be found and this

chapter outlines specific ways to achieve a step change in the supply of STEM skills.

3 Prosperity for All in the Global Economy: Review of Skills, Leitch, S., December 2006.
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SCHOOLS

7.8 Students’ experiences at an early age have a significant impact on their future choices and
there is widespread concern that pupils are turning away from STEM subjects following their
experiences at school. At A-level the take-up of key subjects is a cause for concern. A detailed

analysis reveals that there are a number of different factors in play.

7.9 In the case of A-level mathematics, the decline is being addressed and there is a simple
explanation for the pattern. Factors associated with the change in the curriculum in 2000
dissuaded significant numbers of students from choosing to go on to study A-level mathematics.
The problem was identified and, in September 2004, the curriculum was revised. The results in
Chart 7.2 speak for themselves: this was not a case of students disliking a difficult subject, but an
error in the AS syllabus. Of particular interest is the rise in the number of students taking further
mathematics, which has risen sharply after steps were taken to make access to the course more

widely available.

Chart 7.2: A-level mathematics and further mathematics
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7.10  The take-up of A-level physics, however, has undergone a 20-year decline (see Chart 7.3).
In 1990, with the introduction of Double Award Science as part of the National Curriculum, it
became compulsory to study science until the age of sixteen. However, Chart 7.3 shows that in the
late 1980s the take-up was beginning to improve, but then from 1990 a rapid decline began which
has, as yet, not been turned around. A decreasing number of qualified physics teachers is likely to

have contributed to the decline.
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Chart 7.3: The 20-year decline in pupils studying A-level physics
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7.11 There are five areas where this Review believes that action is critical to improve the

situation in schools: the qualifications of teachers; the school curriculum; careers advice;
laboratories and practical work; and STEM enrichment schemes. We also believe that care must be

taken with the introduction of the second mathematics GCSE in 2010.

IMPROVING THE NUMBER OF QUALIFIED STEM TEACHERS

7.12

have demonstrated that the qualification of physics teachers was the second most powerful predictor

Teacher quality is clearly fundamental to pupil attainment. Smithers and Robinson (2005)

of pupil achievement in GCSE and A-level physics after pupil ability (measured by prior attainment).

7.13 However, the Roberts Review (2002) reported that almost one-third of the head teachers
surveyed in the UK felt that a shortage or inadequacy of teachers was hindering the learning of
pupils in mathematics, and almost one-quarter held the same view with regard to science. This

compared with around one-tenth in OECD countries.

7.14
teachers with a physics specialism, 31 per cent of science teachers with a chemistry specialism and

The Next Steps document set out the ambition by 2014 to achieve: 25 per cent of science

95 per cent of mathematics lessons in schools to be delivered by a mathematics specialist.

7.15
improve the situation: new incentives of £1,000 per recruit to attract more physics and chemistry

A number of initiatives were taken by Department for Education and Skills (DfES) to

teachers, increased Golden Hellos and training bursaries, and a Student Associate scheme to give science

and mathematics students at university a taste of teaching to encourage them into the profession.
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7.16  However, there is clearly still a long way to go. According to the National Foundation for
Educational Research (NfER) (2006),% less than one-third of those teaching the physics element of
Double Science have a degree in physics or have specialised in it through Initial Teacher Training

(ITT).

7.17  We therefore welcome the fact that the then-DIES developed plans to reach the target
numbers of qualified STEM teachers by 2014.

Recommendation 7.1

Progress in achieving this plan will be monitored by the Department for Children, Schools and
Families (DCSF) on an annual basis and corrective action will be taken if it looks as if the
targets will not be met. This Review recommends that this could include financial incentives
being offered to teachers during their first five years to address critical retention issues.

If experience shows that, with the expenditure of further funds, the target dates can be brought
forward, we recommend that the necessary resources are made available. Clearly the shortage of
qualified teachers must be rectified as soon as possible.

ACHIEVING THE PLAN

Teacher recruitment and retention

7.18  Recruitment to science ITT has improved significantly over the past five years, with
especially strong growth in physics and chemistry. The Government is broadly in line to meet the
demanding 2014 targets, so long as recruitment growth is maintained and teacher retention does
not worsen. However, the gains of the past few years are fragile, and efforts to build on them are

made more difficult by the fierce competition among employers to recruit new graduates.

7.19  Teach First has been recruiting top graduates to teach in schools in challenging
circumstances since 2003. By 2009, it will expand from its current base in London, the Midlands,
and Manchester to cover schools in Liverpool and in Yorkshire and the Humber. Around 80 per
cent of Teach First placements are for teaching in shortage subjects, including STEM. Building on
the success of Teach First in recruiting high-quality teachers in these areas, the Government
recently announced that it would consult on a new “Teach Next” programme to promote mid-

career routes into teaching, especially for people from industry and the sciences.

720 New routes such as the employment-based Graduate Teacher Programme are also buoying
up physics and chemistry recruitment. To secure recent gains, and make even faster progress
towards the 2014 targets, people with degrees in subjects that are related to, but beyond, pure
physics or chemistry need to be attracted to teaching. They will then require adequate training to
enable them to be good teachers in these subjects. Successful programmes exist for this purpose,
but are not yet being fully exploited.’

* Mathematics and Science in Secondary Schools Research Report 708.

5 There are a large number of degree subjects that could be sourced for physics or chemistry enhancement. These
include forensic and archaeological science, astronomy, geology, oceanography, geographical and environmental
sciences, engineering subjects, naval architecture, metallurgy and minerals, materials and maritime technology.
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721 Since 2004 the Training and Development Agency (TDA) has supported pre-training
enhancement courses in mathematics, physics and chemistry. Over 1,100 trainees have now
completed these courses, with a full 90 per cent going on to ITT. Evaluation showed these trainees

to be excellent teachers who are often among the first to find jobs.

722 To meet the targets in the Science and Innovation Framework for 25 per cent of science
teachers to have a physics specialism and 31 per cent to have a chemistry specialism by 2014, it
would be necessary to recruit more than 1 in 5 graduates (21 per cent) in each subject each year.
By targeting graduates in related subjects and using enhancement courses to update their

knowledge, we would only need to recruit 1 in 33 graduates (3 per cent).

7.23  In order to increase the number of subject-enhancement places, and involve a wider range
of universities in the provision, the TDA is introducing new, more flexible types of courses. As a
first step, from 2007-08 it will fund extended postgraduate courses ranging from 18 months to 2
years. The additional input focuses on chemistry, mathematics and physics. An additional bursary
of £7,000 is paid for the extension.

7.24  As a second step, the TDA is proposing to bring together all subject-enhancement work
in a modular programme, linked to individual needs. This would allow the level of enhancement
in physics, chemistry and mathematics to be increased from the current planned level of 1,000
places to 1,500 places a year, securing faster progress towards the 2014 targets. This proposal
should be considered if targets for the DCSF plan are not being met.

7.25  Even if recent recruitment successes are maintained, skilled teachers leaving the profession
could still threaten progress. Retention is a major challenge for schools, especially for those in
challenging circumstances, and can have a direct impact on pupil attainment. The NfER has
shown that the length of time in post of heads of science departments can have a significant impact
on GCSE attainment. It found that schools in the lowest band of GCSE achievement had the

largest representation of heads of science departments with less than five years’ experience.

7.26  The figures on retention are a cause for concern. For example, almost half of all physics
teachers leave within their first five years of teaching. The problem can become self-perpetuating.
A shortage of science teachers and the high rate of turnover tend to result in rapid promotion of
science teachers. Anecdotal evidence suggests that this accelerated career progression can leave

some teachers with insufficient support or experience to perform their role.

7.27  The NfER found strong evidence that a pilot of early professional development “made a
very positive impact on participating teachers”. The Institute of Physics (IoP) has also been
working to provide support for science graduates through the Physics Enhancement Course

(see the following box).
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Institute of Physics Mentoring Scheme: The Physics Enhancement Course

The scheme consists of three phases: an initial intensive six-month course designed to
strengthen subject knowledge, a PGCE course at any centre or school-based training and a
follow-up mentoring programme for the first two years of teaching after qualifying. The
mentoring has been relatively light touch, making regular contact with participants to check on
progress and informing them of opportunities that might be of interest, but tailored to suit
individual needs. The sense of community that has been fostered by this scheme appears to be
important. Of those that attained Qualified Teacher Status in 2006, from the second pilot
cohort, over 92 per cent entered the teaching profession, compared to 84 per cent that entered
through traditional ITT courses in England.

Feedback from participants has been very favourable: “The support made available to me from
the IoP during my first year of teaching has been wonderful. The range of courses they provide
has been very impressive, contact from my local representative about up-coming local events,
regular contact from the IoP mentor asking how the year has been going and offering support
and advice. The conferences and training days have been a fantastic networking opportunity
and have provided lots of useful tips and ideas from the trainers but also from colleagues that
you meet up with. All in all, knowing that you have the support of a dedicated and experienced
team has made the first year better for me and also better for the kids, as all the things I learn
at the events that I think are fun the kids think are great. My head of department (a chemist)

has said that he wishes there was a similar scheme available for him.”

Recommendation 7.2

A mentoring scheme should be rolled-out nationally along the lines of the IoP scheme to
increase support for newly qualified science teachers. We believe that the relevant professional
bodies would be keen to support such a programme.

Financial incentives

7.28  In view of the shortage of physics and chemistry teachers and the fact that attractive
alternative job opportunities are in many cases available to them, it is essential that there is

sufficient flexibility in the pay system to attract and retain them.

7.29 The independent School Teachers Review Body (STRB) believes that there is sufficient
flexibility in the pay system to address local teacher shortages in priority subjects, and that the
problem lies in the fact that the flexibilities are not used. The STRB believes that the answer to this
problem lies in effective support for local managers, a sharper framework of accountability and
effective school budgets. This Review strongly supports the greater use of pay flexibility to address

local teacher shortages in priority subjects.

7.30 The STRB has also recommended that teachers receive a financial incentive for

completion of accredited courses in priority subjects designated by the DCSE.

7.31  This will help to meet stretch targets for teacher recruitment. Current arrangements allow
teachers to have the opportunity to undertake continuing professional development (CPD) for
accredited disciplines in school holidays should they wish to do so, and be paid for undertaking
CPD outside the school day. Teachers should be encouraged to take this route if it is not possible

to release them during term time.
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Recommendation 7.3

In line with the STRB’s recommendation, financial incentives should be introduced to
encourage the take-up of conversion continuing professional development courses to help meet
stretch targets for teacher recruitment.

Recommendation 7.4

The self-evaluation form that schools complete prior to inspection should prompt schools to set
out any difficulties in recruiting and retaining staff, with specific reference to mathematics and
science teachers. This will allow Ofsted inspectors to have a more informed discussion with
head teachers to agree how to tackle any shortages.

Continuing professional development for teachers

7.32 The STRB has stressed that the most important tool in addressing teacher quality issues is
their CPD. In equipping teachers better for their job, CPD also increases their job satisfaction and

boosts retention.

7.33 More needs to be done to improve the general culture towards CPD in schools. Much
CPD takes place within schools: this has the advantage that it can be focused on specific school
needs, and it can minimise disruption. However, the majority of school-based CPD is often of a

generic kind rather than subject-focused.

7.34  While we accept the importance of school-based CPD, we believe that out-of-school,
subject-focused CPD has an important role to play in enhancing the subject knowledge and
teaching skills of science teachers. The teachers we consulted as part of the Review told us about
the difficulty of getting out of school to engage in CPD, but also emphasised the need for a
sustained programme of CPD. We were told that “ewilight” sessions have very limited effect and
heard calls for teachers to have access to sabbaticals. We believe that serious thought should be
given to the content and delivery of CPD so that teachers are further convinced of its importance

and are better able to attend the programme.

7.35  CPD is provided through a range of providers, including the Science Learning Centres,
Secondary National Strategy, the Specialist Schools and Academies Trust, subject associations,
Higher Education Institutions (HEIs) and local authorities and this fragmentation of provision
may be a barrier to take-up. There are many CPD initiatives and resources for teachers of
mathematics and science but information about these is scattered across different organisations’
websites and is often hard to find. The Review believes that more can be done to improve the
accessibility of CPD. The framework of ten schemes detailed below will help in this.

7.36  Other barriers to take-up of CPD include lack of incentives for teachers to participate,
cost, and varying attitudes of teachers and head teachers to CPD. Evidence submitted to the House
of Lords noted that many schools struggle to find or pay for supply teachers to cover staff

undergoing external CPD.

7.37  The network of Science Learning Centres provides subject-focused CPD for science
teachers and complements school-based training, providing access to equipment and expertise that
is often unavailable at school level. In 200607 all the Science Learning Centres met their teacher

training targets and many exceeded them, and we should build on this success.
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7.38  We believe that the initial success of the national and regional Science Learning Centres
provides an opportunity to improve the quality and relevance of CPD for science teachers, and to
increase its uptake. External evaluation shows that 92 per cent of participants would recommend
the course they attended, and there is early evidence of impact on teachers subject knowledge,

teaching skills and ability to engage learners more effectively.

Recommendation 7.5

DCSF should commit to the long-term funding of the Science Learning Centre network. The
National Science Learning Centre should be given a leadership and co-ordinating role for the
network, and resources should be made available to pay for supply cover costs for schools that
have a shortage of well-qualified science teachers. Industry, the professional scientific institutes,
and the Wellcome Trust are keen to provide support for the network of Science Learning
Centres. A high level advisory group should be set up for the network with each of these
organisations represented, as well as teachers and government.

CURRICULUM CHANGES

739  The curriculum should provide all pupils with sufficient understanding of scientific and
mathematical principles and should also inspire young people to study STEM subjects further.
Schools began teaching the new Key Stage 4 programme of study for science in September 2006.
Additional training and support is being provided by the Science Learning Centres, the Secondary
National Strategy, the Association for Science Education and the Specialist Schools and Academies
Trust. The Qualifications and Curriculum Authority (QCA) is undertaking a wide-ranging
evaluation of the changes made to the Key Stage 4 curriculum from September 2006. An interim
report is expected in Autumn 2007. The QCA has convened meetings of independent scientists
and engineers to advise on how the new Key Stage 3 curriculum can stretch the most able pupils

and will be involving them in the evaluation of Key Stage 4 later in the year.

740  The revised National Curriculum programmes of study for Key Stage 3 have been
published and will be introduced into schools for first teaching from September 2008. The new
curriculum is based on the need for all young people to acquire relevant subject knowledge, skills
and understanding, including high-level skills in literacy, numeracy and scientific understanding.
The new science curriculum brings Key Stage 3 into line with the changes which have already

taken place at Key Stage 4.

741  The chance of getting an A or B at A-level chemistry in the maintained sector is increased
by 76 per cent for pupils who take three separate science GCSEs rather than studying double
science. As a result of this and other evidence, the Government introduced an entitlement for all
pupils achieving at least level 6 at Key Stage 3 to study tr