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Foreword

Research and innovation are essential for sustainable economic growth and addressing
grand challenges. There is compelling evidence that research and innovation generate
large and lasting returns for the economy. This report summarises what the evidence tells
us about what drives successful research and innovation systems, what impacts they
have, and how we can benchmark the UK’s performance.

A clear theme that runs through this report is the need for all components of the system to
work seamlessly together. Effective collaboration is key, including between the public,
university and business sectors, but also across national boundaries. The UK is currently
at the heart of the global research and innovation system. In order to have a successful
and prosperous economy in the future, it needs to remain there, even as the scale and
pace of research activity increases across the world.

Another theme is about learning from experience and putting that learning into practice.
This is why it is important that a Science and Innovation Strategy is based on careful
consideration of the evidence, and why this report is important.

Finally, by setting out what we do know, we make it clearer what we still don’t know. There
is better evidence on the role and impact of research and innovation than ever before, but
gaps remain. It is important that we continue to do all we can to understand how the
science and innovation system operates in order that the economy and wider society can
reap the maximum benefits..

MARK FRANKS
Head of Knowledge and Innovation Analysis
Department for Business, Innovation and Skills
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Introduction

The various elements, actors and sub-systems in the UK science and innovation system
are highly interdependent, multi-faceted and interconnected and extend well beyond
our national borders. With this complexity comes increasing demands that we understand
the workings of the system to ensure effective evidence-based policy-making. Our
understanding has progressed significantly in recent years.

We understand better than ever before how science, innovation and business are
constantly evolving, and the value this generates for our economy. We now know that
more open systems are associated with greater positive impacts on society and over the
last fifty years, we have steered our research and innovation system from a knowledge-
transfer and institution-focussed approach to an open and collaborative system with the
government, partner organisations and individual citizens as integral partners. The UK is
central to the global science and innovation network, with the outputs of our
knowledge base and the impacts of our policies cutting across national, institutional and
technological boundaries. Our institutions contribute to and draw upon a rich international
knowledge base, collaborating with government, entrepreneurs and industrial partners to
share in the risks and the rewards of their investment.

However, the global scale and pace of research and innovation is increasing. This
presents huge opportunity for the UK. However, a strong interconnected knowledge and
innovation base needs to attract foreign investment and the brightest talent from abroad.
Continuing to attract such talent will require continued investment in our knowledge base
so that it equals the best in the world.

While the fundamental economics of science and innovation and their centrality to growth
have been recognised since the 1940s; advanced economies are increasingly recognising
the investment potential of their knowledge base and making it a core component of their
plans for growth. The UK, as with many OECD countries, now invests more in knowledge
and intangible assets, which have displayed strong resilience to the economic downturn.
Despite the uncertainty and the long lag between investment and payoff, there is a strong
body of evidence suggesting that public investment in our science and innovations
system delivers average social returns of between 20 per cent and 50 per cent a
year, with benefits lasting over decades.

In addition to the system and its impact at the national-level, we are increasingly
developing insight into the mechanisms at individual firm and institutional level. We know
that firms which persistently invest in research perform better than their non-innovative
counterparts and are more resilient in the long term.

However, a successful science and innovation system means business, academia and
other partners working together to solve common challenges. We know that public
support for science and innovation crowds-in private investment. We also know that
the complexity of the system and the nature of knowledge mean that market and system
failures are pervasive. Government plays a key role not just in overcoming market failures
but shaping new markets, and in harnessing the true potential of the system to build the
necessary skills for research and innovation and to generate economic growth.
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The role of the knowledge system

Science and innovation are crucial for the economy and wider society.
Effective use of knowledge improves the way we use resources, creates
new markets and ultimately enhances our lives. The benefits from
investment in knowledge are overwhelmingly positive and need to
underpin any developed economy’s strategy for growth.

Knowledge is the source of long-term growth and a better
guality of life

Since the early economic growth theories of Schumpeter, Solow and Swan, our
understanding of where ideas originate and the processes by which they lead to economic
outcomes has seen a humber of advances. We have moved on from seeing the expansion
of knowledge as a series of random events outside our control, to now incorporating
knowledge-creation as an important investment criterion for businesses, universities and
governments. Our understanding of how firm-level competition drives innovative
behaviours?; the importance of skills®> and connections between different parts of the
system; and the contribution they make to economic growth has progressed significantly in
recent years®. Indeed the need for knowledge and innovation policy to become more
central to growth policy is reflected through the Government’s Industrial Strategy, which
provides support for all sectors to help increase global competitiveness, support innovation
and maximise export potential.

There is general agreement that while short-term bursts of economic growth may be
achieved through increases in the physical capital stock, long-term sustainable growth,
particularly in developed economies, rests ultimately on expanding the frontiers of
knowledge alongside our physical capabilities. Investments that build on our stock of
knowledge comprise a range of assets which create future benefits for firms and, unlike
machines, equipment, vehicles and structures, are not tangible. The Office for National
Statistics, in alignment with the new European System of Accounts (ESA), has recognised
the important contribution that knowledge-based investment make towards the capital
stock, noting that the “change in treatment of Department for Business, Innovation and
Skills (2014) [research and development] from intermediate consumption to investment in
intangible assets is one of the most significant changes made in ESA 2010™. They are
growth promoting as they generate spillover benefits® and once created, can be used or
reproduced at little or no marginal cost. This leads to increasing returns to scale in
production’, a property that makes ideas and knowledge an engine of growth. Scale
economies of this sort can be reinforced by positive network externalities particularly in the
digital economy sector where the benefits rises with the number of users, as illustrated by
Linux android operating system. For these reasons, knowledge-based capital is a key
driver of economic growth in advanced economies (Figure 1) and increasingly the
largest form of business investment®. Indeed, the OECD describes economies, which
display a trend towards greater dependence on knowledge, information and high-level
skills, as knowledge-based economies®*.
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Figure 1. Growth in knowledge-based capital across developed economies
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The UK is one such economy. It cannot compete on the basis of cheap labour, proprietary
capital or natural resources. Indeed, it is increasingly unlikely that any country will be able
to build sustainable and long-term prosperity simply from these factors. The UK must
compete on the basis of its innovation capacity, not least because its comparative
advantage is disproportionately derived from R&D and innovation intensive sectors (Figure
2)™. These breakthroughs, which might be marginal improvements on established
technologies or radical and disruptive novel approaches, are vital for the sustainability of
the UK economy and vibrancy of the innovation system.

SMEs with a history of innovating are more likely to export, more likely to export
successfully, and more likely to generate growth from exporting than non-innovating
firms*2. Yet currently just a quarter of UK Small and Medium Enterprises (SMEs) engage in
export activities, and only 6 per cent export more than 50 per cent of their sales. There is
significant untapped potential here; between 9 per cent and 12 per cent of non-exporting
SMESs with employees are potential exporters™. Of those firms which export intermittently,
between 54 per cent and 59 per cent could be converted to persistent exporters. The key
distinguishing feature is participation in innovation activities.


http://www.intan-invest.net/
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Figure 2: UK revealed comparative advantage', 2013
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The evidence on the impact of knowledge-based investment on economic growth points
overwhelmingly towards significant and positive returns. It is estimated that total factor
productivity (a measure of technological change) accounted for 69 per cent of UK
economic growth between 1960 and 2000**; with capital-deepening accounting for the
remaining 31 per cent. Further, 51 per cent of productivity growth between 2000 and 2008
was due to innovation (including the impact of technological change and intangible
investment), with 32 per cent attributable to changes in technology resulting from science
and innovation™. There is also clear evidence that investment in science and innovation
yields high returns; private rates of return to R&D investment are estimated to be of
the order of 20 to 30 per cent, with social rates of return two to three times larger®®°
(Figure 3). However, not all research and innovation activity should be motivated by an
economic outcome alone, as a focus on purely economic returns significantly
understates the true value to society of investing in science, innovation and skills*’.

' A positive relative comparative advantage (RCA) value indicates that compared to the rest of the world, a
sector represents a disproportionately large share of a country’s overall exports; 1 would imply a country is
completely specialised in a specific sector; -1 that the country has no exports in that sector; and 0 that the
share of the sector in the country’s exports is exactly the same as the world share of that sector.
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Figure 3: Estimated private rates of return to R&D investments, by unit of analysis
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Table 1: Ratio of social to private rates of return to R&D where both estimated

Level of analysis No. papers No. estimates Min ratio Max ratio Median Mean*

Firm 1 4 14 2.1 1.8 1.8
Industry 11 15 1.0 8.1 2.4 2.9
Country 3 3 1.3 1.6 1.3 14

Note: Frontier Economics analysis based on Hall et al (2009)

Investment in knowledge requires patience and determination

The UK public overwhelmingly see science® and innovation®® as beneficial and
understand that the allocation of resources to the pursuit of knowledge is the only way to
unlock the solutions which will make their lives, and future generation’s lives, easier.
However, such improvements take time and while there are some immediate gains to be
made through the development of high-level skills and absorptive capacity, economic
returns require sustained investment, sometimes well beyond the lifetime of a parliament.

The search for solutions to major economic and social challenges is not a linear
deterministic procedure; instead it is a risky?’, iterative process characterised by
uncertainty and multiple feedback loops at every stage. For the science and innovation
system to succeed in such an environment it needs certainty over its resources and policy
must be designed to allow these feedback loops to happen?!, avoiding expectations of a
simplistic linear progression from basic research to end product. Indeed, because of the
path-dependence and firm-specific nature of absorptive capacity, a successful knowledge
base requires persistent, rather than one-off, investment?. It may take a large number of
attempts before a discovery is made; we cannot predict beforehand which projects will

6
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succeed. It is important therefore that policies do not rely on one understanding of the
system, favour one sector, or back one technology; it is important to that policy does not
stifle innovators from making those attempts. Although lags between investment and
economic impact of one to three years are not uncommon, there is a large variation in
estimates of lags for innovation expenditure; largely reflective of the high level of
uncertainty inherent in undertaking research. While some estimates finds lags of up to 4
years®, some survey evidence points to mean lags of between 6 and 7 years®* and yet
other evidence (particularly in the life sciences) suggest lags between 15 and 17 years?>.

Resources for the knowledge
system

The UK needs a well functioning knowledge base if it is to successfully
translate research success into real social and economic gains. To
achieve this, the resources available for knowledge creation and
dissemination must be sufficient, sustained and distributed effectively.

Investment remains below other leading nations

As global trade increases, and pressures from countries that compete on low costs rises,
firms in developed economies are increasingly competing for high value-added activities in
global value chains?® and are turning to knowledge-based investments to drive sales
growth. The latest survey of innovation in firms found that the proportion of innovation
active firms has increased from 37 per cent in 2011 to 45 per cent in 2013, with the largest
share of innovation expenditure accounted for by internal R&D?’.

In 2012, the UK was the seventh largest investor in R&D in the world, with 3 per cent of
the overall global investment®®, amounting to £27bn°. However, overall R&D investment
intensity in the UK remains below other leading knowledge-based countries and by
some estimates may be sub-optimal for a developed country®°. Gross expenditure on R&D
in 2012 accounted for 1.72 per cent of GDP, down from 1.78 per cent the year before, and
well below the average of other comparable nations®. In contrast, the US invests around
2.8 per cent of GDP on R&D per annum. China has been increasing its investment in its
knowledge base; now investing at a higher intensity than the UK at 1.8 per cent of GDP.
South Korea doubled, in real terms, its expenditure between 2005 and 2012, now investing
4.4 per cent of GDP. France and Germany have consistently invested substantially more
than 2 per cent of their GDP in R&D, with Germany recently achieving its aspiration to
increase this to 3 per cent of GDP. Other countries are increasing their expenditure rapidly
too. South Africa, for example, has an ambition to increase R&D investment to 1.5% of
GDP from a base of less than one per cent in 20092,
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Figure 4: Gross expenditure on R&D as a share of GDP, 2000-2012
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UK business R&D, which accounts for approximately two-thirds of total R&D expenditure
in the UK*3, did rise by 6 per cent in real terms (Figure 5) in 2013. It largely weathered the
global financial crisis, remaining at approximately 1.1 per cent of GDP for most of the last
decade®. Once industrial structure is accounted for, the UK intensity is closer to the
OECD average, moving up from 71 per cent of the average to 92 per cent. However, there

is still a “BERD gap”

between the UK and the OECD average. The United States, France

and Finland remain at least one percentage point higher than the UK.,

Figure 5: Business
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Nevertheless, the UK still has a lower R&D intensity than other R&D nations. While this is
in part related to a comparatively low level of government investment in research it is partly
due to the strong concentration of business research investment along a number of
dimensions.

e Heavy industrial concentration of research —The R&D base is broadening (business
R&D expenditure in the service sector increased 54 per cent between 2002 and 2013 in
real terms; construction research increased 57 per cent; electricity, gas, water-supply
and waste management R&D more than doubled; and research expenditure in the
extractive industries was 281 per cent higher) but business R&D remains highly
concentrated, with almost two-thirds of R&D accounted for by just 6 of the 33
product groups in 2013 and pharmaceuticals alone accounting for 22 per cent. There
is clearly scope for under-represented sectors to play a greater role in the UK research
base.

Figure 6: Business expenditure on R&D by product group, 2013
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Source: Office for National Statistics (2014). ‘Business Enterprise Research and Development, 2013’.

e Poorinnovation performance in SMEs - The latest UK Innovation Survey found that
in the period 2010-2012, more than half of firms were not innovation active and the
most recent business R&D statistics show that over 50 per cent of business research
expenditure took place in just 50 enterprise groups". While firms with less than 250
employees account for 99.6 per cent of businesses®*, they only account for about a fifth
of business R&D expenditure and, if we exclude subsidiaries of larger organisations,
this falls to only 4 per cent of R&D investment. Among G7 countries, only Canada and
Italy have a lower business R&D as a share of GDP. The European Innovation Union
Scoreboard identifies SME innovation performance as an area of weakness for the UK*®

"An Enterprise Group consists of all the enterprises under the control of the same owner. The Business
Enterprise expenditure on R&D survey covers 400 enterprise groups. The top 50 enterprise groups
accounted for 52 per cent of business R&D expenditure and 37 per cent of R&D employment (FTE).
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and there is clear potential for expansion of domestic business-led research
activity in this area.

e Low R&D among UK-owned firms - In 2011, the UK attracted almost $7 billion of
overseas-financed R&D. This was the same as Canada, Finland, Japan, China, and
Russia combined, more than either France or Germany ($4 billion each) and just under
half that of the USA (with $16 billion)?®. The quality of the research; the talented people
who benefit from the UK research base; and the promise of significant positive returns
are key drivers in attracting foreign investment into the UK *° 78 337 and in contrast to
the experience in other countries, the UK has remained an attractive destination for
foreign investment. For example, in the last 2 years the UK overtook Germany as the
number one recipient of EU Framework Programme 7 funds®®. However, with over a
fifth of business R&D financed from abroad" and the proportion of business R&D
conducted by foreign-owned firms increasing significantly to exceed 50 per cent for the
first time in 2011, there may be cause for concern that resilience in overall business
expenditure masks an underlying weakness among UK-owned firms.

Figure 7: Business expenditure on R&D by country of ownership, 2002-2013
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However, investment in R&D is also understood to be only a small component of a
growing body of knowledge-based capital, which has been shown to drive labour
productivity growth®. Indeed, where market sector investment in scientific R&D amounted
to almost £16bn in 2011, investment in training which has more than doubled since 1990,
amounted to over £33bn®; investment in computerised information and databases exceeds
£24bn and design £15.5bn®. Between 2010 and 2011 the UK increased its investment in
such ‘intangibles’ by £3 billion to £138 billion, compared with £90 billion investment in

A 2005

)

Overseas funding for UK business R&D dropped 7 per cent between 2008 and 2009, however, recovered
to above pre-crisis levels from 2010 onwards.
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tangible assets®. These investments range from R&D to design to organisational capital”,

an area of particular strength in the UK, which accounted for £25.5bn market sector’
investment in 2011.

Figure 8: Market sector investment in intangible assets, 1997-2011
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The skills required for research and innovation are increasing

In addition to the financial resources allocated to the knowledge base, an important
resource for, and output from, the knowledge system are the talented people who are
empowered with the skills to transform our society. If firms are to recognise the value of
new information, assimilate it and apply it for commercial purposes, it is vital that they have
the necessary skills to complement their knowledge-based investment*. With 29 of the top
200 universities in the world**; 42 among the 100 most international universities** and 85
per cent of students expressing overall satisfaction with their course*®, the UK is well
placed to ensure it has the future skills it needs to remain at the centre of global research
and innovation. The UK is the fourth largest producer of doctoral graduates in the world**;
and produces more science and engineering doctorates relative to population size than all
comparator countries (except China, which produces large volumes of engineering
doctoral graduates)™.

Supply of skills

The UK has an above average proportion of the workforce equipped with the skills to face
technology-rich environment*®, ranking in the top 5 for professionals in science and

¥ Organisational capital is an economic competency relating to the design of better and faster production
processes and decision making.

¥ The market sector is defined as sections A-K, MN, & R,S, T according to the 2007 Standard Industrial
Classification, thereby excluding Real Estate Activities (L), Public Administration & Defence (O), Education
(P) and Health and Social Work (Q).
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technology (as a share of total employment), and was above the EU average for
percentage of entrants to tertiary education in engineering, science and health fields in
2012. However, the UK ranks 25th among OECD countries for the share of the workforce
accounted for by technicians and associate professionals in science and technology®'. A
sustainable supply of future talented skilled researchers and innovators requires an
effective education pipeline which equips students at all levels with the skills they need
to tackle emerging challenges.

Through investment in the knowledge base and by building our national absorptive
capacity, participation in research enhances the UK’s ability to exploit knowledge
generated both internally and internationally; if a country cannot understand new ideas
it cannot convert them into economic and social success. In order to build and
maintain the UK competitive advantage, it is important to possess: a diversity of
knowledge®*’; the ability to draw on this knowledge in a productive manner*’; the strong
internal transmission structures which encourage and facilitates innovative behaviours®;
and an openness to acquire and interpret externally generated knowledge*®. Without this
internal capacity, the UK would be poorly placed to respond to, and capitalise on,
important breakthroughs achieved by our research partners elsewhere in the world.

Although the UK ranked 26™ and 21" (out of 65 countries) for mathematics and science
respectively in the 2012 international PISA results (relatively unchanged since the 2006
survey)*?, take-up of STEM-related subjects has increased over the long term. Take-up of
the science component of the English Baccalaureate in state-funded schools has
increased from 63 per cent in 2010 to almost 69 per cent in 2014°*. Take-up of A-level
physics, chemistry and biology has increased by 16 per cent, 17 per cent and 6 per cent
respectively since 2010°2. In 2008/9 there were 269,000 graduates in STEM-related
disciplines. By 2012/13 this had risen to approximately 313,000 (or 40 per cent of the
graduating population that year).

Importantly, these increases are coming from internal demand. The application rate for all
English 18 year olds, for example, increased in 2014 to 35 per cent (the highest ever
level), benefiting disadvantaged young people from whom the application rate has nearly
doubled from 11 per cent in 2004 to 21 per cent in 2014. This demand from students has
been accompanied by increased supply; university acceptances increased by 25,000 (or
5.5 per cent) between 2010 and 2014. Acceptances for students from the most
disadvantaged backgrounds increased by 25,000 (or 17 per cent)>3. As a result, total UK-
domiciled first degree enrolments in STEM-related subjects at English HEIs (for all years
between 2003/04 and 2012/13) have increased in Biological sciences (from 85,300 to
122,000), in Physical sciences (from 37,700 to 52,700) and in Mathematics (from 17,100
to 26,500)°*.

The UK also benefits from the best talent across the world. Indeed the value of UK HE
exports were estimate to be worth over £14bn in 2008/09°°. Data on the mobility of
international students show that the UK attracts more students into tertiary education than
any other country after the United States; from a market of 4.5 million international
students, the UK accounts for a 12.6 per cent share®®. 18 per cent of students enrolled in
UK HEls are non-UK domiciled, with 70 per cent of these originating outside the EU®’.

Increases in the volume of high-level and STEM-related skills are not sufficient. With
nearly 100,000 female STEM graduates either unemployed or economically inactive in
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2010, it is also important that the UK has sufficient diversity within skills pipeline. The
accessibility of STEM careers needs to be as high for women as for men. At GCSE level,
there were 162,300 entries for biological science, 159,400 for Chemistry, 157,800 for
physics and 650,800 for mathematics in 2012/13; the balance between males and females
at in all cases was broadly even. However, the balance between males and females shifts
significantly at A-level. Of the 62,700 entries for biological sciences, 58 per cent were
female, but of the 34,700 entries for physics, only 21 per cent were female®® - almost
unchanged for the last 20 years®. In 2012/13, 1.1 million learners of all ages participated
in government funded further education at Level 3, three-quarters of which were female;
and a further 53,000 learners participated at Level 4 and above®® (65 per cent of which
were female). Over 50 per cent of the graduates from STEM-related disciplines in 2012/13
were female, albeit the overall balance masks significant imbalances within certain fields:
for example, only 17 per cent of engineering and technology graduates were female®.

Beyond undergraduate study, employers see postgraduate skills as having a major impact
on business and one in five see doctoral graduates as ‘business critical’®®. Despite the
prospect of higher earnings in the future (those with a postgraduate degree earn a
premium of over 9 per cent®*®®) nearly three quarters of postgraduate taught students
have no financial backing and so must finance their studies themselves or via a bank loan.
Where such degrees are a requirement for doctoral degrees this represents a potential
constraint on the future diversity of the UK research base®.

Demand for skills

A highly educated workforce, equipped with the science, technology, engineering and
mathematics (STEM), management and entrepreneurial skills is crucial in determining
businesses’ effectiveness at recognising the value of new information and their ability to
act upon that knowledge®. Analysis of the various avenues through which UK academics
deliver impact have shown that commercialisation-based activities are a small component
of the full system®’, and there is evidence that the pathways to impact most valued by the
private sector are those activities which are oriented around people and building their
skills®®. Indeed the value of investment in science and innovation is realised primarily
through “the production of trained graduates and post-graduates who have the

ability to solve complex technical problems and network more effectively™.

It is estimated that demand for high-level skills will rise in coming years with an additional 2
million jobs projected by 2022 (further exacerbated by an increasingly ageing workforce),
and the share of employment in almost all occupations shifting in favour of higher
level qualifications; by 2022 it is estimated that more than 50 per cent of employed
people will have qualification level QCF 4 or above (as compared to approximately 29 per
cent in 2002) ®°. Already, the most frequently reported destination for PhD leavers is
consistently employment, with most entering the Higher Education or private sectors
providing a direct path to economic impact. For PhD leavers in 2011/12 who were
supported by the Research Councils, approximately 48 per cent found employment in the
HE sector becoming inputs into the science and research system as researchers’. It is
also estimated that expansion in demand for high level skills will be accompanied by a
change in occupational structure, with the share of total employment from Standard
Occupational Classification codes 1, 2 and 3 rising from 42 per cent to 46 per cent over
the decade 2012-2022%.
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STEM skills are particularly valued across the economy, with between a third and a half of
STEM graduates being employed in a non-STEM-related job™. Highly innovative firms
have a significantly higher share of employment accounted for by science and
engineering graduates®, even in sectors which are not traditionally associated with these
disciplines. Similarly, the lack of STEM graduate employment in less innovative firms is
particularly striking: the median number of STEM graduates employed by less innovative
firms is zero. This in turn has a large positive influence on their propensity to invest in
research; their use of external knowledge; how much they collaborate; and the likelihood
that they introduce new-to-market products.

Skills shortages

While the supply of STEM graduates and technicians is increasing, demand from
employers and career opportunities are broad’?; leakage into non-STEM jobs is a
significant factor, and creates uncertainty in assessing the balance between supply and
demand. Current projections of supply of and demand for STEM skills do not account for
all economic scenarios or potential increases in demand if the government’s Industrial
Strategy, or economic rebalancing, leads to increased economic growth in high-skill or
technology-intensive sectors. Nevertheless, some analysis suggests that, on current
trends the UK faces a shortage of key STEM skills in the future” * and further regional
analysis suggests such shortages may be most acutely experienced in the South East of
England and Scotland’. While analysis by the UK Commission for Employment and Skills
suggested no overall shortages for STEM graduates, once migration, people working
longer and changes in activity rates was accounted for, it flagged the sensitivity to changes
in demand from the economy; a 5 per cent increase in the size of core STEM demand
could lead to a shortage of 200,000 in the UK by 2020. Furthermore, analysis by the
Institute for Public Policy Research suggests that demand will not only be for graduates
but also for mid-level technical skills. They forecast net demand for science, research,
engineering and technology professionals and associate professionals to exceed 1.1
million by 20227,
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Performance of the knowledge
system

The UK is one of the world’s leading nations in science and research,
delivering internationally competitive research and producing the skills
we need to create an agile and responsive workforce. Our ability to act
on this research excellence and translate this into economic success
has improved significantly, placing us among the best in the world.

The UK benefits from a broad research capability

The UK research institutions are ranked among the best in the world””. The UK research
base, plays a fundamental role in generating the advancements in knowledge which
ultimately lead to social and economic gains. Through these public sector establishments,
third sector research institutions” and private sector research organisations, the UK
produces knowledge outputs which, just like talented people and physical capital, can be
brought together in innumerable ways to benefit the UK in the long term.

In order to do this, it is important for the UK to have a vibrant mix of talents and a broad
capability in a range of areas for a number of reasons. First, international evidence shows
that those countries which perform best at innovation tend to have balanced performance
across a range of system metrics®®. Second, a balanced portfolio helps to develop
resilience and responsiveness within the system by mitigating the risk of over-reliance on a
small number of specialisms, while building the absorptive capability to respond to new
challenges and opportunities. Third, evidence has shown that having greater economic
complexity, achieved through a diverse set of competencies, increases productivity and
moves a country up the value chains®’.

In this endeavour the UK research base punches well above its weight on the global
stage; with less than one per cent of the global population and only four per cent of the
world’s researchers, the UK accounts for 10 per cent of downloads, 12 per cent of citations
and 16 per cent of the world’s most highly-cited articles (second only to the United
States)’®. In contrast to countries such as China or Russia, where research impact is
concentrated in a few fields (engineering, physical- and medical-sciences in particular) the
UK maintains a well-rounded research base across a range of major research fields and
multidisciplinary competencies (Figure 9). The UK is also positioned among the most
productive research bases in the world. In 2012, the UK produced more articles and more
citations per unit of expenditure than any other country in the G8 and was in the top three
among comparator countries for articles and citations per researcher.

¥ Charities are another major contributor to UK research. For example, non-profit institutions contribute
£1.3billion funding in the health research sector. http://www.amrc.org.uk/our-members/sector-data
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Performance of the knowledge system

Figure 9: Field-weighted citation impact, 2012
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Not only is the UK active and highly productive in all major research fields, but when we
account for the research quality, the UK ranks best in the world on field-weighted
citation impact"" and scores more than 50 per cent higher than the world average in most
fields. As a result, the UK has become a partner of choice for research collaboration, with
48 per cent of all UK articles in 2012 resulting from international collaboration; and, with
almost 72 per cent of active researchers internationally mobile in the period 1996-2012 the
UK is well placed to continue to drive this research excellence into the future. Indeed,
within the Research Councils and Higher Education Institutions novel, multidisciplinary and
collaborative approaches have been used to investigate big research challenges facing the
UK and the rest of the world for many years and the trend to collaborate and work across
disciplinary boundaries is increasing. Public funding for the research base further
enhances the delivery of research with excellence. The dual support system, for example,
which accounts for almost half of public funds available to researchers, is designed to
decentralise the allocation of resources while maintaining the principles of competition in
academia®’.

Furthermore, there is a virtuous circle of effective international collaboration and impactful
research, with each reinforcing the other. There is a clear positive relationship between the
share of internationally co-authored articles and the impact of that research. With the UK’s
international co-authorship partnerships typically associated with high field-
weighted citation impacts (Figure 10). However, international collaboration by the
academic community must also be accompanied by collaboration with industry if we are to
benefit from cutting-edge research. This high-quality research is having an impact on
business behaviours, with over 40 per cent of innovating enterprises reporting having co-
operation arrangements on some innovation activities?’. Further, UK corporate users are

"I Field Weighted Citation Index is an index that controls for the tendency of certain subject areas or forms of
publication to be more likely to attract citations than others. A field-weighted citation impact of 1.0 equals

world average in that particular research field.
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increasingly downloading UK academic-authored articles (53 per cent of downloads by the
corporate sector were of academic research between 2008 and 2012) and there is a net
flow of researchers from academia into industry.

Figure 10: Correlation between international co-authorship and FWCI, 2008
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Innovation builds resilience and a dynamic economy

While a world-leading knowledge stock and highly skilled scientific workforce is necessary
for expanding the frontier of production possibilities, it is not sufficient for converting that
knowledge into real world economic and social gains. In order to realise that potential, the
UK must have the mechanisms to share our knowledge assets across the economy; to
absorb and apply them in multiple contexts; and to ultimately translate them into
commercial success.

The value of innovation for national economic growth is well established; however, our
understanding of how and why firms engage in such productivity enhancing activities has
also improved. It is unsurprising that firms that persistently invest in R&D have higher
productivity (13 per cent higher than those with no R&D spending and 9 per cent more
than firms who occasionally invest in R&D), better value added per employee, and more
exports’*8%8! But what is less well recognised is that while investment in innovation bears
inherent risk, firms with higher innovation intensity grow twice as fast as non-
innovative firms®; fare better during periods of economic turmoil®; and are more
likely to still be active after 8 years®. A comprehensive review of the returns literature
confirms that R&D investment generates large and persistent returns® and although both
new-to-market (novel) innovation and new-to-firm (imitation) innovation are important for
business performance and growth, novel innovation has been shown to deliver better
returns, particularly when facing adverse market conditions®*.

While no perfect measure of innovation performance exists, the UK does perform among

the best in the world on a number of global rankings. The Global Competitiveness
Index’’ places the UK 9™ among 37 innovation-driven economies, having risen from 13" in
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2009/10™. In terms of the quality of innovation inputs, outputs and infrastructures, the
Global Innovation Index shows the UK now ranking 2" in 2014, up from 14th in
2009/10% (Figure 11). In the last four years the UK has improved on 5 out of the 6 high-
level performance indicators, with the largest increases in infrastructure, human capital
and creative outputs; key components of any innovative environment.

Figure 11: UK performance on Global Innovation Index, 2009/10-2014
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¥ The Global Competitiveness Index contains an Innovation ‘pillar’ which measures capacity for innovation;
the quality of scientific institutions; business spending on R&D; university-business collaboration;
government procurement of advanced technology products; availability of scientists and engineers; and

utility patents. On the Innovation pillar, the UK ranked 15" in 2009/10, rising to 12™ in the 2014/15 table.
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Integrating the knowledge system
and the role of government

Innovation is a joint process involving both private and public
institutions and rests on a wider innovation environment. Public
investment in the system is an investment in the nation’s future,
ensuring that the UK has a productive economy, healthy society and
contributes to a sustainable world. Government support helps the
system overcome barriers and unlocks real world economic impact.

Science and innovation are part of a unified knowledge system

Britain’s public, private and voluntary sector research and technology organisations
together employed 57,200 people in 2012/13 and supported £7.6 billion in gross value
added contributions to GDP®®. A better understanding of how the science and innovation
system contributes to economic success, and increased recognition of the complexity and
connectivity in the commercialisation process has led to a more holistic and
multidimensional approach to policy-making®’. We now understand the continuous
feedbacks between the numerous interdependent agents better: there are a large number
of agents with multi-faceted motivations, all interacting within a local, national and
international context™,

In order for the innovation process to function, it is crucial for the institutions which
create knowledge and the organisations which draw upon these developments to
work together seamlessly. Smart, co-ordinated, dynamic and fluid partnerships, often
funded by but operated independently of, Government are replacing the narrow
relationships of previous generations. Through organisations such as the Research
Councils, Innovate UK and others, the knowledge landscape is jointly developing business
models which anchor into the science and innovation ecosystem. The Biomedical Catalyst
model, for example, has invested over £200m in grants to date, supporting innovation in
around 250 small and medium companies and universities, and this has leveraged £100
million of additional private finance. Indeed, analysis of recent trends in system
interactions has shown a change in the UK from bilateral collaboration towards a closely
connected ecosystem where all stakeholders are integrated in the development process,
coordinating resource allocation decisions and engaging through multiple channels. As
these interactions become increasingly complex, the importance of the knowledge
infrastructure and the ability for skilled people to transition between the science and
research institutions and the businesses which harness these ideas becomes more
significant.

Firms, the primary agents for commercialising knowledge, face a constant need to solve
problems, and they do this by frequently reaching outside the boundaries of the firm and
into the knowledge and skills bases. Over 40 per cent of innovating firms report having co-
operation arrangements on some innovation activities; 61 per cent report arrangements
with private sector partners, while 31 per cent co-operate with the public sector®®. These
interactions and the subsequent applications of knowledge are not a single event; they are
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a continuous process where past achievements and experiences drive forward our
capacity to modify and develop ideas. Successful firms do not innovate once; instead,
they produce a flow of innovations over time.

Businesses are dependent on the spatial context in which they exist, and there is a
growing awareness of the role places have in contributing to the knowledge base and
aggregate growth. Recent work defining the ‘knowledge context’ of firms looks beyond
the industrial space occupied by the innovator and integrates it with the network
opportunities and the geography in which firms are located®. There is evidence, for
example, that R&D facilities in the pharmaceutical sector are largely determined by
proximity of high-quality university chemistry departments, and the location of R&D in the
vehicles and machinery industry are associated with possibilities for co-location with
production®. The UK’s 31 largest clusters contribute a fifth of UK gross value added®* and
recent literature has found that clusters have positive impacts on innovation®.

Businesses have been found to innovate more when their surrounding area is
innovative, partly due to knowledge spillovers and agglomeration effects; high growth
firms innovate more when they are closely located to other high growth firms that are
engaging in R&D®® and when their surrounding city-region is more innovative®®. However,
co-location is not sufficient to drive innovation; businesses need to interconnect within
knowledge contexts that provide the networks and agglomeration effects which support
innovation and growth®. Evidence shows that although strong innovation performance is
not caused by clusters per se, local innovation systems cultivate successful high
technology clusters®.

Innovation can contribute to regional rebalancing through productivity growth and
employment creation of skilled jobs with wages higher than the regional average. For
example, in the Golden Triangle (Oxford-Cambridge-London) employment grew at 2 per
cent per annum throughout the downturn where the mean salary of workers was 40 per
cent higher than the regional average®’. It is key that local authorities and Local Enterprise
Partnerships (LEPs) have the knowledge and economic intelligence of local comparative
advantage in order to effectively target resources where local and national innovation
strategies are aligned.

As was highlighted in the Witty Review of Universities and Growth®®, effective engagement
with business is central to such networks. Recent analysis has found that the UK performs
on a par with the United States in having created and supported the world’s most
successful technology innovation ecosystem®; strong research capability and a culture of
entrepreneurialism and innovation were seen as among the criteria most important in that
success. Knowledge exchange between the research base and the business sector comes
in many forms and academics from all disciplines participate’®. Research Councils
engage with 2,500 businesses, including large corporates and more than 1,000 SMEs
The most recent data on interactions show a continuing increase of over 45 per cent
since 2003/4 in the exchange of knowledge between UK Higher Education
Institutions and the public, private and third sectors. In 2012/13 universities
contributed £3.6bn through the commercialisation of new knowledge, and the delivery of
knowledge to industrial and public sector partners. UK HEIs earned £1.2 billion from
contract research in 2012/13, and a further £1.5 billion of income from consultancy
contracts, facilities and equipment, CPD courses, intellectual property, and regeneration
and development programmes®®. Through the Higher Education Innovation Funding

101
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(HEIF) programme, the Government continues to support the evolving interface between
academia, industry and the public sector, with some estimates showing that £1 of HEIF
investment leading to £6.30 in gross additional knowledge exchange income*®.
Furthermore there is evidence that 80 per cent of HEIs are making changes to improve the
effectiveness of knowledge exchange, and three quarters see greater collaboration as key
to improved effectiveness'®. As a result of such activity, the Global Competitiveness Index
has consistently ranked the UK in the top 5 globally for university-business collaboration

since 2010/11, placing it 4™ in 2014/15 (up from 12" in 2007/8)"".

Such improvements have also been promoted through programmes such as the
Knowledge Transfer Network, which helps businesses access the knowledge and
expertise they need to thrive; and Knowledge Transfer Partnerships, which facilitate the
exchange of capabilities between academia and industry. Indeed, a review of Knowledge
Transfer Partnerships concluded that on average, return on investment was around £4.70
to £5.20 of net additional GVA per £1 of public money'®. Furthermore, such collaboration
has been shown to impact on the absorptive capacity of firms, with the likelihood of
employing STEM skills increasing by 28 per cent and the use of technical
information rising 57 per cent; and to increase the likelihood that a firm introduces a
new-to-market product by 72 per cent'® (and 77 per cent for SMEs, which account
for 60 per cent of Innovate UK support*®).

Figure 12: HEBCI income streams, 2003/4-2012/13
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Market and system failures are persistent

Government as a market shaper

Traditional arguments for public investment typically hinge on market failures. However, as
recently recognised in a recent Government Economic Service report on innovation, the
public sector is also an important customer of the knowledge base and has a crucial
role in shaping and creating markets. The report noted that government behaviour,
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through procurement, policy design and regulatory decisions, has an impact on innovation
outcomes®,

Economists have also noted that the Government is uniquely positioned to take a leading
role, taking the risks where the private sector is unable, and then ensuring that the rewards
from success are returned to society. Government, it is argued, has the necessary long-
term perspective across research and innovation; is able to adopt a portfolio approach to
system management; and can create the institutional and physical infrastructure which
creates confidence and certainty necessary for private sector partners to undertake risky
investment with significant social benefits*.

Evidence of market and system failures

Arguably, in an increasingly open innovation ecosystem, where Government has a leading
partnership role'®®, together with businesses, academia and our international
collaborators, there is an increasingly clear and evident need to address and overcome
both market and system failures (see Table 2) and to unlock the value from advancing the
frontiers of knowledge.

A study of the prevalence of market and system failures'® in 24 substantive economic
contexts, including energy; the built environment; food; transport; health and care; creative
and financial industries; ICT and robotics; and the biosciences, found that while most types
of failure could be identified in most contexts. The mix of failures in each context was
unique and the emergence of large and complex technical challenges means that
coordination failure is becoming increasingly prevalent. The market and system failure
arguments remain across the spectrum and highlight the need for a whole-of-
government industrial strategy which recognises the different conditions in
different sectors. The analysis also recognised a range of barriers which result in a long
tail of relatively unproductive firms in the UK, including credit constraints and skills. To
combat these barriers, in-depth engagement with individual sectors, sub-sectors and types
of technology is necessary®.

As a result of these market failures, the Government operates a number of different
interventions, with many targeted on mid-Technology Readiness Levels (the ‘Valley of
Death’*'%). There is strong evidence that such public investment in the knowledge-base
can and does leverage the desired extra participation from the private sector®'.
While some evidence points to an increase in private R&D of approximately £0.70 for
every £1 direct invested by government'!*, evidence from public medical research points
to increases of between £2.2 and £5.1 in private pharmaceutical industry R&D?*3,
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Table 2: Table of market and system failures

Nuclear energy ok * *k -
Renewable energy ok *x ok
Energy ,
Oil and Gas *xx - *x * o = =
Energy Storage *x Kok Eosy
: : Low impact buildings EeRE ok ok ok ok Hok
Built environment —
Future cities *x *k *x *x
Agri-science Kk *k *x *x *kk *k
Food -
Farm-to-fork value chains ! *xk * * ok
Low carbon vehicles &3 *k *x
Transport Intelligent transport systems *x
Civil aviation *x *x
Regenerative medicine *x *x
Healthcare Assisted Living
Stratified medicine *
Creative Industries o ok
Financial services **
Satellites and space ** ok
Nanotechnology and Advanced Materials Kk *kk *
Big data * *
ICT Cyber security ** ok
Robotics and autonomous " o . o rx o~ -
systems
Electronic, photonics and electrical systems ok D e ok o ok
o Industrial biotechnology ok Hhk ok Hohx .
Biosciences ——
Synthetic biology = |- * * -

Notes: *** Showstopper, ***Slowing-down (a lot), **Slowing down, *Slowing-down (a little), “blank” No
evidence found. Source: BIS (2014). ‘The case for public support of innovation: at the sector, technology and
challenge area levels’.

Government action to address market and system failures

It is reported that the cost of innovation; the cost and availability of finance; and excessive
risk are the most significant barriers to innovation, with SMEs experiencing this most
acutely'. Indeed, access to finance has been found to be the most problematic
factor in doing business in the UK’ and, an increasing short-termism in private sector
finance for research and innovation is increasingly incompatible with the long time-lags
which characterise investments in innovation**>. To address these barriers and unlock the
innovative potential, the Government deploys a mixture of both direct and indirect support
in broadly equal amount. The UK has one of the most competitive tax environments™*®,

with the total amount of R&D support claimed in 2012/13 amounting to £1.4 billion (up
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£150 million on 2011/12)*, and rising. This provided relief to over 15,500 businesses and
supported around £13.2bn of investment in 2012-13. UK businesses also reported that 9
per cent, or £1.6bn*, of Business R&D expenditure was funded by government in 2013.

Figure 13: Impact of direct government support: percentage change in likelihood
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Percentage change relative to control group

Both direct and indirect forms of R&D support have been shown to leverage additional
private funding™**8, and at a system level, there is evidence of complementarity from
employing both measures simultaneously*®; albeit grant-based forms of innovation have
been shown to support the broader development of firms’ absorptive capacity in a way that
indirect measures do not*?’. The evidence shows that they have a positive long run
influence on firms’ behaviour and absorptive capacity through creation and more effective
use of networks*?!. In addition to improving firm survival by nearly 3 per cent®, new
analysis finds that UK grant support substantially increases UK firms’ innovation
performance’® (Figure 13). The analysis found that large firms and SMEs as a group
were more likely to: invest more in R&D; collaborate; employ STEM graduates; use
technical information; engage in product innovation; engage in process innovation; and
introduce novel products to market™. Furthermore, the effects were even larger where
businesses collaborate with other partners. These findings accord with previous economic
evaluations of UK innovation grant support programmes for SMART and Collaborative
R&D which estimated benefit-cost ratios in the order of £9:1 and £7:1 respectively*?*'%,

However, impediments to a successful knowledge system do not end at finance. The
Catapult Network, operated through Innovate UK (the UK’s lead innovation agency), helps
to overcome a number of other barriers by providing facilities targeted at mid-range
Technology Readiness Levels, which would suffer from natural monopoly, or indivisibility
issues, due to their high cost. The recent Hauser Review*** outlined how, despite their

i Receiving a grant increases a business’s own spending on R&D by approximately 30 per cent and makes
them over 40 per cent more likely to introduce novel products to market; 40 per cent more likely to engage in
product innovation and almost 30 per cent more likely to employ STEM graduates.
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nascent state, Catapults are demonstrating positive early impacts, and are building on the
existing competencies of the intermediate sector. They help anchor investment in the UK
from global organisations who invest their R&D resources in the localities where the
environment is most suitable and in particular where there is a strong level of Government
support and investment*?> 126

As a programme targeted at large global markets, through development of multi-
application and disruptive technologies, based on an understanding of open innovation,
Catapults have large positive spillover effects'®’. However, even when spillover effects
were not accounted for, an evaluation conducted on the economic impact of Collaborative
R&D, which constitute a third of Catapults funding, found that for every £1 of public
investment was associated with a GVA return of £6.71, once allowances are made for
deadweight and displacement?®, Furthermore, the Collaborative R&D programme helps
commercialisation by increasing the speed, scale and scope of activities which would have
gone ahead. 70 per cent of projects definitely would not go ahead without government
support and, of those that would have proceeded without support, 83 per cent would be
delayed by one to two years and more than one in five would be delayed by 3-5 years.
More than half of projects supported would have done occurred at a smaller scale and 35
per cent with a different scope. In a globally competitive environment, commercialising
swiftly and effective can make all the difference between being a market leader or a
market follower. In addition to funding research to progress fundamental understanding in
given field, where business investment is traditionally very low (typically only 5 per cent of
business R&D expenditure in the UK)*, part of this role includes provision of protection for
intellectual property (IP) rights (where the UK ranks first in the world for
competitiveness)*?®. A careful balance must be struck whereby innovators are able to
appropriate the returns of their risk, but also remain sufficiently competitive to prevent
complacency and maximise returns to society.

Conclusion

The need to expand the frontiers of knowledge and capability is
amplified by the vast social and environmental challenges facing
nations globally. The knowledge base is a vast and complex ecosystem,
and there are a number of characteristics which mean that government
leadership is necessary to remain at the forefront of solving these
challenges.

Science and research are the ambition to expand our understanding and to find solutions
to practical problems facing our world and our society, while innovation is the application of
that knowledge to the production of goods and services; either through new and better

“Overall, it appears that the business sector engages in only a small proportion of basic research. Recent
case study evidence from the aerospace and pharmaceutical sectors (Frontier Economics, 2014) considers
the interaction between the business sector and the research base finding that some companies rely on
partnerships with academic and public sector institutions for the pure research which may generate future
applied research.
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Conclusion

guality goods or enhanced productions processes. The unifying theme throughout the
analysis has been the importance of enhancing and supporting the connections between
the various components of the knowledge ecosystem; and the critical need to get the right
skills, in the right place, at the right time if we are to successfully to translate our world-
leading research into internationally-competitive and innovative solutions.

It is clear that the returns to investment in science and innovation are significant, but they
will require patience, and the courage to take risks where the private sector would not
without partnership with Government. The challenge facing policy-makers of the future will
be in developing the necessary whole-of-government approach which recognises the vital
role that each organisation plays in the ecosystem; provides a stable foundation; but is
agile enough to adapt across sectors, and to respond to the emerging opportunities
presented by existing at the very frontiers of knowledge.

Future evidential demands

The best policymaking requires the best analysis and evidence. As the system of
knowledge evolves and the roles of business, government and academia change, so too
must our understanding of the system. As a nation we must continue to expand the
frontiers of our knowledge to ensure that society is well-formed. Policy-makers especially,
must therefore seek to develop the evidence on:

¢ the role of the research, innovation and skills in achieving our social and economic
objectives;

¢ the determinants of, and obstacles to, maintaining a world class research base; and
building and nurturing innovation and absorptive capacity;

o effective policy-design, by evaluating the effectiveness of different policy approaches
and understanding how science and innovation policy interacts with broader
governmental policy including skills and spatial policy;

e performance of the knowledge base, by benchmarking against the best in the world;

e conditions for innovation by deepening and enhancing our understanding of non-R&D
knowledge-based investment; and,

e the role of local eco-systems in shaping innovation at the firm level and contributing to
economic growth.
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