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Successful economies in the 21st Century will be innovative in
all that they do. And at the heart of contemporary innovation

is a strong university system which produces highly skilled
graduates, and undertakes research with an impact on industry
and society.

Yet not all societies manage to ensure that the link between universities
and business is smooth and efficient. In Scotland, it is widely
acknowledged that very strong university research and development

is not always matched by a wide base of business research and
development. This means that Scotland may not be maximising its
innovation potential.

The current report is the first in a linked series on growing the most
value from Scotland's innovation system, and in particular from its
university research. It highlights the uniqueness of Scotland’s R&D base,
particularly the dominance of its university sector, and the enormous
geographical variability in business R&D within Scotland. Furthermore,
it shows that businesses underexploit this strong university knowledge
base, leading to a shortfall in the supply of innovative new products
and services. This finding highlights the need to support businesses as
they improve their ability to absorb R&D knowledge. Our report paves
the way for further examination of the huge opportunities that exist in
Scotland to expand innovation cooperation between businesses and
universities, providing a platform to support economic gain for Scotland.

We would like to thank David Docherty, Richard Harris and the Task
Force Steering Group for their support and insight.
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Universities are first and foremost designed to achieve a new
‘ ‘ understanding of natural phenomena and technologies: in this task
they are naturally inventive. Conversely, in modern free market economies,
it is firms that have the incentives and governance structures to make
innovation their central goal, and are expected to be the almost
exclusive sources of innovation.”

Foray and Lissoni (2010)

“ ..the issue is not about isolating the

impact of publicly-funded research
or about determining its optimum level
in isolation. It is about how best to
understand and manage connections
between differently-funded and
motivated research efforts
in a system of knowledge
production and innovation.”

Hughes and Martin (2012)

R&D undertaken by Scottish universities is significantly above
the UK average, and much of it is linked to Science, Technology,
Engineering and Maths (STEM).!

+ At 1.6% of GDP, Scotland spends significantly less on R&D than the
leading EU countries, which are mainly in Northern Europe. Its R&D
spend is above those seen in Eastern Europe, although some of
these nations are increasing their R&D spend rapidly.

+ Scotland's R&D to GDP ratio is declining, whereas it is increasing in
some English regions.

*  Businesses in Scotland contributed only 3.1% of the £24.1bn
invested in business R&D in the UK in 2012 (compared to over 9%
of GVA and population), making Scotland the third worst performing
area of the UK on this measure. A significant reason for this
appears to be the type of R&D undertaken within Scottish industry.
However, there are significant variations within Scotland and in
particular sectors, and these may point to ways of increasing R&D.

+  The level of innovation cooperation between businesses and
universities in Scotland is much lower than for the rest of the UK,
as is the absorptive capacity of business for research knowledge.
This is a major challenge, but also a significant opportunity, for the
Scottish economy.

1 The evidence base is drawn from Harris, R., (2015) Growing the Value of R&D in Scotland, Final report for the GVS Task Force Phase |
research programme. www.ncub.co.uk/scottishrdlandscape

2 Foray D. and Lissoni F. (2010) University research and public-private interaction, in Handbook of the Economics of Innovation, Handbooks in
Economics, Elsevier.

3 Hughes, A. and Martin, B. (2012) ‘Enhancing Impact: The Value of Public Sector R&D’; page 13. www.ncub.co.uk/impact. Quote based on findings
taken from Metcalfe, S. (2010).


http://www.ncub.co.uk/scottishrdlandscape
http://www.ncub.co.uk/impact

R&D is a vital element of the Scottish
innovation system. Its presence, or sometimes
absence, has a major impact on industrial
inventiveness, productivity and output growth
and is rightly the subject of intense scrutiny
and policy development. Almost £2bn was
spent on R&D in Scotland in 2012 (see Table
1), and this report places that funding in its
international and UK context.

The present report was commissioned by

the Growing Value Scotland (GVS) Task Force,
established in 2014 to explore ways of connecting
the natural inventiveness of universities with the
innovation needs of companies and the Scottish
economy. It builds on a two-and-a-half year long UK-
wide inquiry by the National Centre for Universities
and Business (NCUB). This reported in 2012, and
was published in 2014 as Growing Value: Business-
University Collaboration for the 21st Century.*

This methodology is now being applied in Scotland
under the guidance of a Task Force of senior business
leaders, university Principals and public agencies.?

This Task Force will:

+ Place Scotland'’s public and private sector
research and innovation in a UK, EU and global
context through a research programme that
analyses expenditure on R&D, and broader
indicators of innovation spend, both by
geographical region and by industrial sector.

4 Docherty, D. et al. (2014) Growing Value: Business-University
Collaboration for the 21st Century’; NCUB Publications, page 9.
www.ncub.co.uk/reports/growing-value-book.html.

5 Full steering group membership is shown on page 5 of this report.

* Promote an understanding of the challenge to
deeper synergies between public and private
sector research and innovation in Scotland, in
part through deep dives into four sectors. This
analysis forms part of the next phase of the
Growing Value Scotland project.

Identify ways of connecting the university and
public innovation system to the supply and
value chains of major employers in Scotland,
and to small and growing companies.

In short, we are exploring the R&D capabilities of the
Scottish economy, the innovation culture of firms and
their relationships with universities, and the potential
change and change management which are necessary
for Scotland to grow its innovative performance.
Basing its findings on research and widespread
consultation, the Task Force will ultimately make
recommendations to government and other

public funders on how to build more economically
successful collaborative innovation in Scotland.

The detailed econometric research in this report

on R&D in Scotland will inform further detailed
research and consultation, including deep dives into
university-business collaboration in strategically
important industrial sectors.

Scotland spent almost

on R&D in 2012

£2BN


http://www.ncub.co.uk/reports/growing-value-book.html

The UK R&D Landscape Report commissioned for
the NCUB's original UK-wide Task Force described
some powerful facts and emerging trends.®

First, there has been a fall of total gross expenditure
on R&D in the UK relative to GDP since the 1990s.
Second, business investment in R&D is concentrated
in a few large firms and a small number of sectors.
The many thousands of independent small and
medium-sized businesses in the UK accounted for only
3.5% of total R&D spend. This obviously has profound
implications for countries such as Scotland, with an
industrial structure based on such smaller firms.

Third, a high share of the UK's R&D is being carried
out by subsidiaries of overseas firms. This is a
tribute to the intellectual assets of the UK, but leaves
it vulnerable to disinvestment decisions taken in
foreign boardrooms. And in Scottish terms, the lack
of such firms is an issue. Fourth, since the financial
crisis began in 2008, the UK's principal competitors
have increased their investment in higher education
research at a faster rate than the UK. And finally,
the UK has the lowest share of total government-
financed support for R&D going to small and mid-
sized firms in the OECD.

To what extent are these findings replicated in
Scotland? What are the main similarities and
differences between Scotland and other EU
countries, and between Scotland and the rest of the
UK? And what are the variances within Scotland?

On the page opposite, we identify some of the policy
and practical questions that arise from this research.
What follows is our path to identifying those
challenges, and some insights drawn from both data
and broader theory about how to overcome them.

We focus on the core components of R&D that

are widely reported and which facilitate cross-
country and regional comparison. These are Gross
Expenditure on R&D (GERD); Business R&D (Business
Enterprise R&D - or BERD); University R&D (Higher
Education R&D - or HERD); R&D by Government,
which includes the Research Councils (Government
R&D - or GovERD); and finally, R&D by other private
non-profit organisations.’

We also look at the difference between ‘traditional’
and ‘narrow’ or ancillary R&D. Traditional R&D

takes place when firms undertake R&D themselves,
acquire it from other sources, or purchase or license
patented or non-patented inventions or processes.
This form of R&D is normally tied directly to new
product or service development. On the other hand,
narrow R&D encompasses a basket of activities,
such as acquiring machinery or software, marketing
and market research, design, and training. ‘Full’

R&D encompasses both. This turns out to be a

vital distinction in Scotland, where the tendency of
firms to engage in ‘narrow’ R&D undermines the
effectiveness of the innovation system in growing
the economy.


http://www.ncub.co.uk/rdlandscape

The data raise tough questions for the Scottish innovation system.

Does Scotland need to attract larger establishments to increase
innovation, or is there another path to growth?

In what ways can
government, universities

and business work together
to increase firms' capacities
to search for, recognise,
evaluate, assimilate and
exploit geographically distant
knowledge? This ability is
called absorptive capacity.®

Graduates are vital to
increasing the value of
innovation. How does
Scotland retain the right
graduates in its innovative
business sectors?

Undertaking Full

R&D increases the likelihood
of ‘Blue-sky’ (radical) product
innovation in an economy
by 4:1.° How does the
Scottish system maintain or
increase such research and
facilitate stronger industrial
collaboration with it?

How does Scotland increase
the volume of younger
establishments in R&D
intensive sectors?

In general, how should
Scotland drive stronger

links between business and
universities? (Note: in services,
there are concerns that greater
university links may reduce
R&D spend if they lead to over-
reliance on universities).

It is not clear whether there are potential or actual R&D clusters
in existence in Scotland. If they do emerge it will be through a
combination of instruments such as R&D funding, intermediaries,
venture capital funds, competence centres, training, networking
and identity building, and university collaboration.®

Co-location in areas with

high R&D agglomeration
increases R&D spend, as does
reliance on certain industries
(e.g. chemicals, machinery

and equipment, precision
instruments, computing and
R&D services). Is this Scotland's
route to R&D growth?

Multi-regional enterprises tend to have their headquarters, and
do their innovation, in the South East of England. So how does
Scotland produce more single-plant businesses that push towards

a more rounded R&D pattern?

Greater US-ownership leads
to more R&D, EU-ownership
leads to less. What are

the potential incentives to
increase the former? And
what role do universities play?

A higher level of capital
intensity in service
industries, such as database
management, data
processing and hardware
consultancy, leads to greater
innovation. What are the
policy and business levers
to increase this level of
innovation? How does the
system promote a bigger
business commitment to ‘full’
R&D rather than the ‘make’
or ‘buy’ approach?



Table 1: Spending on R&D in Scotland by performing and funding sector, 2012°

Sector performing the R&D

£ million (current prices) Percent of total
[ (o]
o 2] e A2 =
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Sector providing
the funds
Government 126 95 58 1 279 6.5 4.9 3.0 0.1 14.4
Research Councils 50¢ 257 0 1 308 2.6 13.3 0.0 0.1 15.9
Higher Education 0 300 0 0 300 0.0 155 0.0 0.0 15.5
Funding Councils
Higher 1 38 0 0 40 0.1 2.0 0.0 0.0 2.1
Education
Business 32 4 563 2 639 1.7 2.1 29.1 0.1 33.0
Enterprise
Private 6 127 2 3 138 0.3 6.6 0.1 0.2 7.1
Non-Profit ’ ’ ’ ’ :
Overseas 17 115 97 2 231 0.9 5.9 5.0 0.1 11.9
TOTAL 233 973 720 9 1,935 12.0 50.3 37.2 0.5 100.0

a Figures in italics are based on applying UK percentages to column totals rather than actual estimates (amounts to 9.9% of all R&D).
b The underlying HESA data summed to £906 million; this column was then adjusted to agree with the GERD total of £973 million.

¢ Obtained by summing row figures.

d Obtained from www.rcuk.ac.uk/about/aboutrcs/research-funding-across-the-uk

Source: GERD, 2012 (row total); HESA data (Higher Education column); BERD (Business Enterprise column).

The basic R&D breakdown for Scotland is shown in Table 1. Within Scotland, these funds are linked through
various research and innovation pathways and initiatives, such as those identified in a 2006 report for the
Scottish Executive."

11 Roper et al. (2006). Note: In 2005 the Scottish Higher Education Funding Council (SHEFC) merged with Scottish Further Education Funding
Council to create the Scottish Funding Council (SFC). Whilst this chart is nine years old, it remains relevant for what it says about today's
innovation system.
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A comprehensive review of the data leads to five key findings.

01. R&D undertaken by Scottish universities is significantly above the UK average, and much of this is
linked to Science, Technology, Engineering and Maths (STEM).

02. Scotland performs in the mid-range of EU countries for R&D spend (significantly below Germany,
Sweden and Finland; but much better than Romania, Bulgaria, Greece, Slovenia and Turkey).

03. Scotland has one of the lowest R&D to GDP ratios in the UK, and it is declining, whereas some English
regions are increasing their spend.

04. Businesses in Scotland contributed only 3.1% of the £24.1bn invested in R&D in the UK in 2012, and
based on business spending on R&D alone, Scotland is the third worst-performing area. A significant
reason appears to be the type of R&D undertaken within Scottish industry. However, as we noted
earlier, there are variations within Scotland and in particular sectors.

05. The level of innovation cooperation between businesses and universities in Scotland is much lower
than the rest of the UK, as is the absorptive capacity of business, its ability to make the most of new
research knowledge.

Let us examine each of these in turn.



Figures 1 and 2 show the shares of total R&D spending
undertaken in Higher Education Institutes (HEIs) and by
businesses in Scotland and the UK.

Scottish universities spend proportionately more on R&D than do their
counterparts in other UK regions, and this has been rising over time
(up from 0.61% of GDP in 2001 to 0.71% in 2012). Their main sources
of R&D funds are the UK's Research Councils and the Scottish Funding
Council.'? By contrast, business R&D in Scotland has been generally
declining (0.6% to 0.52%). This challenge is fully acknowledged in the
Scottish Government's current economic strategy.'?

In the UK as a whole, business R&D is declining as a percentage of GDP,
but remains substantially higher than the volume of research funded in
and by universities. By contrast, most research in Scotland happens in
universities. Researchers in most of Scotland’s universities have done
considerably better than the UK average in attracting Research Council
and funding council revenue. Furthermore, almost 90% of Research
Council income in Scotland has been in support of STEM, which should
in principle drive productivity and growth.

The healthy research base of Scottish higher education means that
there is a potential platform upon which to expand Scottish R&D further.
However, the relatively low R&D spending of the Scottish business sector
shows that this research excellence is not spilling over into collaborations
with Scottish businesses. Nor is it producing the increases in productivity
needed to power the Scottish economy. The evidence of Scotland’s R&D
performance, relative to Europe and to the rest of the UK, demonstrates
clearly that Scotland needs new forms of connectivity and policy levers to
improve its performance. And it is to these that we now turn.

12 See Hughes et al., (2013) for a detailed explanation of this dual funding.
13 See www.gov.scot/Resource/0047/00472389.pdf
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At 1.6% of GDP in 2012, total R&D spending in Scotland was
significantly below the leading, mainly Northern EU countries,
but above those of Eastern Europe (see Table 2). Between 1997
and 2012, most countries increased their spending on R&D as a
percentage of GDP, especially those countries that were lowest
ranked in 1997, mainly Eastern Europe and Mediterranean nations.

However, countries with relatively high spending in 1997 (such as Finland,
Denmark, Germany, Switzerland, Austria, and France) also increased
spending to maintain their dominant position in 2012. Overall, there is
little evidence of any strong ‘catch-up’ or ‘convergence’ process occurring.
The UK was one of only four countries that actually decreased their
spending as a percentage of GDP, and as Scotland was not improving
relative to the rest of the UK for most of this period, it too was not
catching up, or reaching the ambitions of the Scottish Government.®

15 GDP estimates consistent with the 2012 UK Blue Book.
16 In the 2007 version of the National Performance Framework, the Scottish Government set a target of halving the difference between

Scotland’s total expenditure on R&D and the EU average total expenditure on R&D by 2011 (where total expenditure on R&D was expressed
as a percentage of GDP); see Scotland Performs National Indicator 1 at www.gov.scot/Topics/Statistics/About/NotesSP/TechnicalNotesSPNI1


http://www.gov.scot/Topics/Statistics/About/NotesSP/TechnicalNotesSPNI1

Table 2: Total R&D (BERD + HERD + GovERD + other) as a percent of GDP

Country 1997 2012 % change

mf= Finland 2.71 3.55 31.0
B mm  Sweden 3.47 3.41 1.7
mmm  Denmark 1.92 2.98 55.2
N cemany 2.24 2.98 33.0
Emm  Slovenia 1.27 2.80 120.5
BE  reonce 219 229 4.6
BB segum 1.83 224 224
= cstonia 0.57 218 2825
mmm  Netherlands 1.99 2.16 8.5
B 1.77 2.08 17.5
B CzechRepublic 1.03 1.88 82.5
B0 reland 1.27 1.72 35.4
==  United Kingdom 1.73 1.72 0.6
: = Norway 1.63 1.65 1.2
}x‘ Scotland 1.59

Portugal 0.57 1.50 163.2
= Luxembourg 1.46

= Hungary 0.71 1.30 83.1
T spain 0.80 1.30 62.5
BBy 1.02 1.27 245
Pl serbia 0.97

EEm  lithuania 0.54 0.90 66.7
_ Poland 0.65 0.90 385
Turkey 0.49 0.86 75.5
"B wvata 0.84

Slovakia 1.08 0.82 -24.1

Two important factors influencing R&D spend are the supply of scientists and technologists, and the volume
and research-intensity of innovating firms. As Table 3 shows, Scotland is below the European middle ground
in both. Scotland had 40% of ‘core’ sector firms producing a product or process innovation in 2008-2010
compared to the EU median of 46%. To reach the top decile, Scotland would require as many firms innovating
as Sweden (64%). In fact, innovation intensity in Scotland was on a par with that of Spain, Slovakia, and other
Eastern European countries, rather than with the Nordic countries or with much of Western Europe.

So, Scotland has some way to go in policy, practice and investment terms to drive its innovation system into
the top half of European performers, and to take advantage of its strong university R&D. But what of its
performance relative to the rest of the UK?



Table 3: Innovation and employment in Science and technology occupations, 2010/13

Country % of firms V\{ith eith.er product or % employed in Science
process innovations 2010? and Technology 2013

| Germany 84.9 38.5
e celand 75.3 38.1
BB sesum 68.3 36.3
= Luxembourg 66.1 56.9
B  Sweden 64.2 42.8
o Netherlands 62.3 39.4
B I reland 61.9 328
B cstonia 61.8 322
= Finland 61.4 41.8
Portugal 61.3 25.9
o Austria 58.1 35.4
= = Denmark 56.8 43.6
BE y 53.5 31.4
M serbia 53.2
oL Wwales 50.0 35.1

£ A Cyprus 47.7 31.2
Turkey 46.5 14.2
B Czech Republic 46.0 322
Emm Slovenia 45.9 34.4
BB ronce 45.4 36.6
: = Norway 44.6 40.1
S w 432 36.3
i Croatia 422 31.0
=U= Northern Ireland 41.8 33.8
N e 40.4 31.0
P scotland 39.6 33.1
T spain 38.6 284
Slovakia 372 277
B lithuania 29.9 34.0
o Hungary 24.4 30.9
B Bulgaria 234 23.6
— Latvia 22.1 29.4
mmm Poland 21.4 29.6
B B romania 18.9 19.1
E Greece 27.2
n Switzerland 42.6

a Core sectors are defined by the EU as: manufacturing; utilities; wholesale; transport, storage and communication (excluding postal
services); financial intermediation; computer and related; architecture, engineering and related technical business services; and technical
testing and analysis.

Source: Eurostat



Scotland’s total R&D spending in 2012 was just under 1.4% of GDP
(Figure 3). Compared to other UK regions, Scotland was significantly
outperformed by the East of England (3.4% of GDP) and the
South East (2.4%); but did better than the North East, Yorkshire-
Humberside, Wales and London', all of which were around 1%.

Scotland’s R&D performance is 44% of the East of England, and of the

lowest performing parts of the UK, only Scotland experienced a decline
between 2001 and 2012 while others improved. Northern Ireland saw a
65% gain, Yorkshire-Humberside grew by 14%, and the North East by 24%.

Looking in isolation at business spending on R&D, which is usually by
far the largest component of total R&D'®, Scotland was placed third
lowest overall in 2012. It had been fifth lowest in 2001, indicating a
relative fall in business R&D. Scotland’s business R&D was only 21% of
the East of England total, and firms in Scotland contributed only 3.1%

of the £24.1bn invested in R&D in the UK in 2012. Scottish companies
internally fund fewer R&D projects and receive relatively less overseas
funding for R&D than do companies in the rest of the UK. It could be
argued that Scotland'’s specific sector mix accounts for its lower business
R&D performance, perhaps by the absence of particular industries

with well documented higher R&D spending levels relative to their size.
These include precision manufacturing, computer services, and chemical
manufacturing. However, this explanation does not work, because
Scotland has a lower intensity of R&D across all business sectors.

17 London is an outlier, with R&D facilities more likely to be located around its periphery rather than in the capital city itself.
18 In the UK in 2012, BERD accounted for over 63% of all spending; in the East of England it was some 76%; and in the EU27 it was 63%.



Figure 3: R&D spending as a percentage of GDP, 2001 and 2012
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Within Scotland itself, R&D is distributed unevenly. 12 out of 18 Scottish areas have R&D stocks' below
£1 million - the red and white zones in Figure 4 - compared to, for example, Bristol, Cambridge, Slough and
Stevenage with around £4 billion, the dark green areas.

Figure 4: 2011-12 R&D stock by travel-to-work area (1998 definitions) £ million 2011 prices

747.4 - 6474.7
144.4-747.4
50.1-144.4
15.1-50.1
8.8-15.1
7.7-88
3.0-7.7
1.5-3.0
04-1.5
0.0-0.4

No data

19 The R&D stock is the sum of (constant-price) R&D expenditure over the past 5 years, allowing for depreciation. R&D stock can be considered
a measure of the stock of knowledge. A firm generates knowledge capital by investing in R&D. This knowledge is not ‘used up’in the
period in which the expenditure occurs; rather it can be used by (i.e. confers benefits to) the firm both in the year in which the expenditure
occurs and in subsequent years. It is therefore similar to a piece of machinery which can be used for a number of years after it is bought.






Our data show that lower R&D in Scotland translates into

lower levels of product and process innovation, and that this

is particularly true in manufacturing. For service industries,

the differences between Scotland and other parts of the UK

are generally smaller than for manufacturing, but even here,
Scotland is still placed bottom in terms of innovativeness.

We also know that the type of R&D undertaken matters for
innovation. When no R&D takes place the propensity to innovate
is very low. When ‘full' R&D spending is incurred (involving
‘traditional’ as well as ‘narrow’ R&D), the likelihood of product
innovation is 2.5 times higher in manufacturing and nearly three
times higher in services, compared to spending only on ‘narrow’
R&D (see Table 10.7 in Harris, 2015).



Firms ‘make’ their own R&D in-house, ‘buy’ it from outside, or ‘cooperate’ with others to develop it. Those that
combine ‘make’, ‘buy’ and ‘cooperate’ tend to spend more on R&D. However, Scottish manufacturing is much
more likely to be involved in ‘make only’ or ‘cooperate only’, while in other parts of the UK there is a greater
emphasis on R&D complementarity.

A firm's decision to invest in R&D depends on its assessment of the expected private costs and private
benefits of doing so. The key variables include the following:?°

N_ K
A-K

The role of
absorptive
Technological capacity
opportunity (i.e. the ability to
internalise external
knowledge)

GE

Markets served, Barriers to
especially through innovation, such as
exporting the cost of finance

In services, Scotland is significantly more likely than the UK as a whole to have establishments that carry out
just ‘make only’ R&D. There are, however, positive forces at work. For example, being located in Glasgow local
authority area increased the probability of ‘full' R&D by over 25% for manufacturing, and reduced ‘narrow’ R&D
by some 22%. Moreover, plants located in the Edinburgh local authority area had much higher average R&D
intensities. Aberdeen is ranked 8th out of the 288 travel-to-work areas in the UK for high R&D concentration.

The types of R&D spend in Scottish manufacturing and services are laid out in Table 4.

20 E.g. see Shefer and Frenkel (2005); Rogers (2002).

21 A consideration here is whether internal and external R&D are complements or substitutes, since firms have the option to choose various
approaches to undertaking R&D, akin to ‘make’ and/or ‘buy’ decisions. They can undertake R&D themselves and develop their own
technology (intramural R&D) and/or source externally (extramural R&D and/or licence know-how).



Table 4: Total spending (Emillion) on innovation investments, UK 2012 (only includes establishments engaged in spending)

Type of
spending

Manufacturing

[In]
(VAR
O 8
x
(0]
o
X c
O ®©

Scotland
GSE
Scotland
UK ex GSE
and Scot

GSE
UK ex GSE
and Scot

Scotland
GSE
Total

Only narrow R&D  141.0 1,469.4 145.4 96.7 1,675.6  2,356.6 237.7 3,145.0 2,502.0 5,884.6

‘Full’ spending 149.7 1,958.8 2,222.8 354.8 3,873.8 9,701.4 504.5 5,832.6 11,924.2 18,261.3
(of which:

. 704 1,055.9  1,449.5 227.9 2,994.2  7,705.2 298.3 4,050.1  9,154.7 13,503.2
Traditional R&D)
All spending 290.7 3,428.2 2,368.2 451.5 5549.4 12,0580 742.2 8,977.6 14,426.2 24,146.0

GSE: Greater South East
Source: weighted CIS data (question 5).

Lower R&D in Scotland translates into lower levels of innovation (although it should be noted that not all
establishments that innovate necessarily undertake R&D in the same, or adjacent years). Table 5 shows the
percentage of establishments that achieved a product innovation during 2010-12. This was just over 23% in
Scottish manufacturing - seven points lower than the South East. This innovation gap was also apparent in
process innovation and in more radical ‘blue-sky’ innovation.

So far, we have established that Scottish universities contribute disproportionately to R&D in Scotland, that
the types of R&D typically performed in Scotland do not maximise Scottish innovative potential, and that the
country lags behind comparable European countries and English regions. We turn now to the question of
collaboration between business and universities in Scotland and the ability of Scottish businesses to absorb
research from outside their firms - so - called absorptive capacity.



Table 5: Percentage of UK establishments introducing innovations, 2010-12

Product innovator?® Process innovator® ‘Blue-sky’ products© ‘Blue-sky’ processes*

Manufacturing

Scotland 23.2 11.9 1.1 &3

UK ex GSE and Scotland 27.1 16.8 13.6 3.8
GSE 30.3 18.2 17.1 4.6
UK 27.8 16.9 14.5 3.9
Services

Scotland 14.9 6.2 53 1.8
UK ex GSE and Scotland 15.6 9.0 5.9 2.1
GSE 16.6 9.4 7.3 1.8
UK 16.0 8.9 6.5 1.9
All sectors

Scotland 16.3 71 6.3 1.9
UK ex GSE and Scotland 17.9 10.6 7.5 2.4
GSE 18.4 10.6 8.6 2.2
UK 18.0 10.3 7.8 23

*suppressed for disclosure as cell <10 positive answers.

a Establishment introduced new or significantly improved goods or services.

b Establishment introduced new or significantly improved processes.

¢ Establishment introduced new or significantly improved goods or services that were new to the market.
d Establishment introduced new or significantly improved processes that were new to the industry.
Source: weighted CIS data (questions 6, 8, 10 and 12).

GSE: Greater South East.
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...the main function is to increase the number

and intensity of linkages among businesses,
between businesses and academia, among these
and policy agencies, and especially to stimulate
international linkages of all agents.”

Carlsson and Jacobsson (1997)

Levels of business cooperation with universities are much lower
in Scotland than in other parts of the UK (see Table 6). Indeed
they are so low that some cells are blank in the Community
Innovation Survey (CIS) from which the data is drawn because
there are too few reporting firms. 6.8% of manufacturing firms
in the South East engage with universities, a stark contrast with
Scotland where the figure is close to zero. And we should again
bear in mind that Scottish universities are very successful in
generating STEM research and development.

Scotland is therefore in danger of becoming a great innovation centre
for the rest of the UK. This has profound implications for absorptive
capacity and the growth of collaborative R&D in firms, but is it also a
great opportunity? The Scottish economy will benefit greatly from
significant increases in the capacity for firms in Scotland to absorb
university inventiveness.



Table 6: Percentage of establishments cooperating with universities/HEI's on innovation activities, UK 2012

European . At least one
P , Other countries .
countries location

UK regional UK national

Scotland

Manufacturing o & & & o

Services & % € € 1.9
All 1.2 1.1 & w2 2.1
UK ex GSE and Scotland

Manufacturing 3.3 3.6 0.3 0.5 7.0
Services 1.5 1.4 0.3 0.4 3.1
All 1.9 1.8 0.3 0.4 3.9

Greater South East

Manufacturing 3.1 4.7 1.2 1.6 6.8
Services 1.1 1.7 0.6 0.8 3.2
Total 1.4 2.1 0.7 0.9 3.7
UK

Manufacturing 3.1 3.8 0.6 0.8 6.7
Services 1.3 1.5 0.4 0.5 3.0
All 1.6 1.9 0.4 0.6 3.7

Establishments in the rest of the UK that invested in ‘full’ (‘traditional’ plus ‘narrow’) R&D had the highest levels of
absorptive capacity, while those only engaging in ‘narrow’ R&D had substantially lower levels. Underinvestment
in R&D may also be caused by insufficient interaction between innovation partners. This again points to the
challenge firms in Scotland have to absorb knowledge from the publicly-funded innovation system.

Absorptive capacity starts with firms looking to acquire and use external knowledge. It assumes that they
benefit from ‘spillovers’ from the innovative businesses, universities and public bodies which initially developed
these ideas, insights and practices, but which cannot or do not want to keep them to themselves. To be efficient
absorbers - or competent receivers - companies have to invest in their own internal capacity to understand and
act on research. The data point to this as a major area on which policy should focus in Scotland.

However, traditional thinking in this field is now giving way to a greater recognition of the role of networks
and collaboration as a means to foster greater productivity and innovation, particularly among smaller
firms. Strengthening the innovation process in Scotland must involve building network linkages between all
the players in the process, which will involve increasing connectivity and constructing more fat pipes (high-
bandwidth internet connections).?



Given the important role of tacit knowledge, this
systems approach invariably emphasises the
importance of face-to-face connections between
individuals. It recognises that diffusion primarily
emerges by means of social contacts and networks,
both physical and digital. This develops social capital
based on trust and reciprocity, and boosts what
have been termed ‘localised knowledge spillovers'.
As de Jong and Freel (2010) point out: “Geographical
proximity makes it more likely that firms will
encounter potential collaboration partners and,
after the collaboration takes off, it enables personal
and more frequent contacts easing the transfer of
tacit knowledge”. For this to work, firms with similar
competencies must develop strong ties, especially
when interactions and outcomes are accompanied
by a high degree of risk and uncertainty.

Firms' efficiency in exploiting tacit knowledge is only
one reason why policy should continue to place them
at the centre of the innovation debate. For example,
Veugelers (1997) found that “cooperation in R&D
has no significant effect on own R&D unless the
firms have an own R&D infrastructure, in which case
cooperation stimulates internal R&D expenditures”.
And Bonte (2004) found higher returns for West
German manufacturing when the share of external
(contracted-out) R&D rose, but also that if too much
of a capability is outsourced, it may be difficult for a
firm to (re-)integrate it into the firm's operations.

If Scotland is to increase its stock of the absorptive
capacity needed to balance its structural economic
challenges, it must focus on encouraging and
strengthening capabilities at the firm level
alongside the development of strong physical and
digitally-enabled business networks. This approach is
consistent with the role of market forces in determining
‘winners’. Encouraging ‘receiver competence’ will
ultimately strengthen the Scottish economy through

an overall improvement in the competitive process.
This insight outweighs the argument (often made

in this area) that helping firms provides an unfair
advantage that undermines competition.

This research has demonstrated that Scotland
has the need and capacity to grow its R&D and
innovation capability to European and

UK standards.

However, there are significant challenges to be
understood and overcome, and policy issues to be
debated and researched. These include, but are not
limited to, whether regional development should
focus on sectors of academic research strength as
opposed to responding mainly to industry demand,
and the attractiveness of focusing on already fast-
growing firms and sectors, rather than casting a wide
net to small companies in low-growth industries.

We will return to these issues in later publications.
To complement the quantitative economic approach
of this report, Growing Value Scotland now turns

to qualitative research on the relationship between
four vital business sectors and university and
publicly-funded innovation. We intend to merge

the insights from both in our final report and
recommendations in the spring of 2016.

23 Fritsch and Kauffeld-Monz (2010). See also The Brighton Fuse (2013):
www.ncub.co.uk/reports/the-brighton-fuse.html research as an
example of this in action.
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Increasing the volume, quality and intensity of university-business collaboration
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Driving more innovation and effective graduate talent development through collaboration
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Toolkit quality success stories, independent research and analysis, collaborative change
management programmes

120 corporates and universities, and UK-wide funding from the four higher education
funding councils, research councils and Innovate UK
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