









ANNEX A

ANALYSIS AND SUMMARY OF KEY DATA ABOUT THE  INNOVATIVE PERFORMANCE OF UK BUSINESSES; 

(a) Context
A.1
The UK’s under performance in creating wealth from its world class science base has been the subject of concern, inquiry and study ever since the country lost its industrial and technological leadership towards the end of the 19th century. An extensive range of different priorities and approaches have been pursued by successive Governments over the years. Yet the nature of the problem, possible solutions and the role of the Government remain among the most vexed policy issues of the age.

A.2
Among the commonly cited reasons are an anti-technology culture in the UK; a failure or inability within companies to exploit the opportunities of technology; more interest in science or financial performance than technology based innovation; a lack of enterprise, ambition, vision, drive and entrepreneurship; management and managerial weaknesses; risk aversion and too great a focus on the short term.

A.3
Others include a relatively small, undemanding domestic market; frequent boom and bust cycles with widely fluctuating interest and exchange rates; the haemorrhaging of the manufacturing base during the 1980s with two recessions and extensive corporate raiding by so called asset strippers; failings in Government policies, and a widely perceived flight of the nation’s most able young people from careers in science, engineering and technology in favour of such professions as medicine, finance, law, accountancy and the media.

(b) The new industrial revolution and technology based innovation by business

A.4
The profound changes that are occurring world wide are increasingly being seen in terms of a third industrial revolution. By this is meant one in which wealth creation and competitive advantage is becoming increasingly underpinned by creativity and knowledge rather than by just the ability to organise capital, labour and resources to make and run things efficiently and cost effectively. 

A.5
The innovation process by which new scientific and technical  knowledge is exploited by businesses is highly non linear, and varies considerably between sectors.  In health care for example links with basic leading edge research are crucial for pharmaceutical companies. In computer, electronics and telecommunications hardware, enabling technologies and applied research are normally more critical for the companies than basic research, although basic technological leadership can be hugely advantageous. 

A.6
In these and other engineering and physics based sectors, successful innovation lies in marrying leadership in core technology with the necessary complementary technologies and with rapid product deployment. While in others such as general manufacturing and distribution, companies add value by taking up and integrating the existing technologies of others in complex systems.  The development of IT applications, for example,  for conventional personal computers or for e-commerce, primarily involve the writing of software and traditional doctorate level research is unnecessary. 

A.7
Traditionally, the innovation activities of large, research intensive companies with their corporate R&D facilities and their links with sources of external S&T have been the prime movers in many sectors:

· creating new markets and other opportunities for other firms to follow. 

· playing a symbiotic role in the start up and growth of other new, technology based businesses. 

· providing the education and training ground for scientists, engineers and technologists at all levels;

· forming technological capability; and

· acting as the principal partners for universities for their teaching, research and such other activities as IPR licensing.

A.8
Over the last 10-15 years however, many of these companies have downsized, outsourced and re-engineered their R&D function in response to the globalisation of markets, manufacturing and S&T; the increasing pace of scientific and technological change, the rise of new technology sectors such as IT, advanced materials, and shorter product life cycles and the internationalisation of  leading edge S&T activities.

A.9
These and other, smaller technology based firms are increasingly innovating through new trans-national networks to meet their S&T requirements and to improve their R&D efficiency. Through these networks, they tap into relevant world class centres of S&T in university and other laboratories, forge new alliances and relationships with their suppliers, customers and users, and otherwise sharpen their competitive edge. 

A.10
With shortening product development and life cycles and rising competitive pressures, some have shifted their in-house R&D focus to near market development. 

A.11
Others have increased their reliance on universities for pioneering and applied activities, reduced or stopped their investment in long term, high risk, or speculative technological research, relying instead on shorter term, lower risk investment, S&T outsourcing, mergers, and the acquisition of smaller, high growth businesses. 

A.12.
Generally, as with other costs to businesses, there has been a downward pressure on R&D expenditure to secure efficiency savings.

(c) Innovation, Science and Technology Policies

A.13
Studies
 show a wide variation in the innovative performance of UK firms, both using measures such as R&D expenditure, but also in the numbers of firms reporting that they have marketed new or improved products. Furthermore, studies
 show that innovation styles tend to vary by firm, being a function of both technological, market and industry characteristics. 

A.14
Science and Technology (S&T) policy aims to ensure that an effective technology infrastructure exists to bridge the gap between the science base and business. Innovation policy on the other hand seeks to help businesses exploit knowledge effectively and improve the economic and social well-being of the UK
.   Together, the policies should combine to:  

· ensure that firms can access a wide range of technological knowledge sources, e.g. Universities, Research and Technology Organisations;

· help firms develop the absorptive capacity and complementary assets (in marketing, management and skills) which are essential to exploit scientific and technological knowledge into new, and successful, products, services or processes;

· help markets work more effectively thus removing barriers to the take up of new products or processes.

A.15
One goal of innovation policy is to ensure that the wide range of benefits of the science base are exploited by those firms that can use them effectively. The main benefits include: science and technology per se, e.g. in the form of a patentable invention, access to specialised sources of knowledge, access to networks and access to qualified people
. 

A.16
The contribution of the science base is also indirect in that its outputs feed other sources of technology - for example, postgraduates working in consultancy and other research based organisations. 

A.17
Further, innovation policy also serves to increase the pool of firms that can benefit from the science base - for example, by ensuring that they have access to sources of complementary skills or knowledge which they need.

(d) The UK’s Stock of Technologically Innovative Businesses
A.18
Data from the most recent EU Community Innovation Survey
 suggests

· Around  50% of UK businesses are innovators in the sense  that they recently introduced technologically new products, processes or services. Around 10% are novel innovators, (pioneers in introducing new to market products etc) and  40% are follower (catch up) innovators.
· 43 % of manufacturers are product innovators (  32 % follower, 11  % novel) and   24% are process innovators ( 16% follower and 8% novel ), while  in service sectors, some 50 % are new service innovators (43% follower, 7% novel) 

· Novel Innovators are much more likely to consistently engage in R&D;  invest more of their turnover in R&D and qualified personnel (R&D and Scientists and Engineers) form a greater share of their workforce.

· Follower innovators are much less likely to do R&D. They rely on other means of technology innovation - software development, process engineering, systems integration etc. - or by buying in and adapting existing technologies rather than developing their own. 

· The remaining 50% of  UK businesses do not engage in any form of technological development, R&D based or otherwise to any significant extent.

· Innovative firms (particularly novel innovators) account for a disproportionate share of economic activity:

	

	Number
	Distribution by sizeband (%) - employees
	Share of turnover

	
	
	< 250
	>250<1000
	> 1000
	%

	Novel innovators
	13700
	88
	10
	3
	31

	Follower Innovators
	63317
	96
	3
	1
	36

	Non/Low Innovators
	78216
	98
	2
	1
	33

	Total
	155233
	96
	3
	1
	100


· Around 20% of employment is in low/non-innovative SMEs, while  21% is

accounted for by very large novel innovators:

	
	SME
	medium  large
	large
	All

	Non / Low Innovator
	20%
	6%
	11%
	37%

	Follower
	14%
	8%
	9%
	31%

	Novel Innovator
	5%
	5%
	21%
	32%

	Employment in 000s

	4479
	2167
	4626
	11272

	
	40%
	19%
	41%
	100%


· Around  6 % of  UK business output is in novel products or services, and 16% in catch up products or services, with 78%  in unchanged products or services.

· The average degree of innovation and the economic contribution of innovations varies significantly across industrial and commercial sectors. Primary and energy industries and services including distributive trades, show the lowest overall innovation rates.

· Novel Innovators are more driven by market considerations – new markets or market share and adding to the product range. Followers are relatively more focused on cost reducing innovation, including reducing environmental impact. This difference in outlook may well explain the differences in the two groups propensity to engage in R&D and access the science base.

UK Sectors


· The following features distinguish the innovative performance of these three categories of businesses:

	Distinguishing Features
	Novel Innovators
	Follower innovators
	Non Innovators

	Share of turnover in 1996 from new or improved products
	40%
	29%
	3%

	Proportion of enterprises engaged continuously or occasionally in R&D between 1994-1996 
	76%
	18%
	13%

	R&D as % sales
	1.3%
	0.5%
	0.1%

	R&D staff as % of total employment
	3.7%
	1.8%
	0.4%

	Qualified Scientists and Engineers as a proportion of total employment
	6%
	5%
	2%


(e) The  UK’s stock of hi-growth businesses 

A.19
A relatively small number of fast growing enterprises tend to be the main source of innovations, wealth and jobs - mostly firms which are good at exploiting emerging or niche markets and technologies. Of the 168,000 enterprises registering for VAT in 1994, an estimated 8,400 had achieved annual turnover of £1 million or more by their fourth year of trading.  A further 6,900 enterprises had not yet done so, but had grown to employ 10 or more employees.  Recent research suggests that this proportion of roughly 9 per cent of firms being fast growth firms is remarkably consistent across size bands.

A.20
As for the relative innovation efforts of our small and large firms
:

· the  UK’s high technology sectors are dominated by large not small firms with the top 6 firms accounting for between 33% and 88% of value added;

· firms with over 99 employees average around 90% of business R&D; 

· new and small firms tend to introduce lower value innovations than larger firms. The sales value of over 100 award winning innovations introduced by these UK firms was found to be less that the value of just seven introduced by large established companies
; 

· some of these new, smaller firms are highly innovative and play an important role in innovation and product networks involving both large and small firms

· innovative and technology based firms ( both in the UK and in Europe) are no more likely to fail than other small firms. Like the general population of small firms, their death rate tends to be particularly high in the period immediately after start up
;  

· on average their rate of employment creation tends to be modest, at less than ten new jobs a year; 

· growth tends to be concentrated in a few firms. One recent study found 10% of the 149 firms sampled generated half of all the new jobs they created over a decade
.

A.21
Even among the fastest growing, the absolute number of jobs created over a decade tends to be counted in hundreds rather than thousands
. More generally, anecdotal and some quantitative data suggests that firms are tending to concentrate on their bottom line performance - efficiency and productivity gains - at the expense of top line growth  of  sales.  

A.22
For example, over a 15 year period from 1984, the FTSE 100 companies doubled their profits before tax and interest from 6.4% to 11.6% in 1997 while their revenue increased by 0.1% after allowing for inflation
. A notable common factor of all the top share price performers has been their success at growing income - often but not exclusively through mergers and acquisitions (M&As).

A.23
A  recent study
 suggests that within the UK and Europe, what distinguishes high performing, high growth businesses is that they are initiating/implementing change across most of the following elements of their business, not just a few of these:

Structures - decentralising, delayering and project related forms of activity organisation.

Processes - investment in IT, horizontal and vertical communications and new human resource practices

Boundaries - downscoping, outsourcing and strategic alliances.

(f) UK Business Expenditure on R&D

A.24
The 1999 R&D Scoreboard
 shows that a significant portion of the overall UK R&D investment (£10.9 billion) is in low intensity sectors. 

A.25
Of the top 16 UK companies, which also feature in the international top 300 list, three quarters of their turnover is in sectors with international average intensities of less than 2.5%.

A.26
In contrast, only a quarter (by turnover) of the top US and Japanese companies shown are in such sectors. In the chemicals and IT hardware sectors, the aggregated R&D intensity of UK companies is around a quarter of the international level. Only in the aerospace/defence and pharmaceutical sectors is UK R&D intensity higher then the international average.

A.27
Though they are not all in high-technology sectors, the top 16 UK companies (by R&D spend) which appear in the international list appear to be investing at about the expected level for a group with their mix of sectors (that is, their combined R&D intensity is only just below what it would be if they all invested at the international intensity rate for their sector)

A.28
The strongest featuring sector is pharmaceuticals with an R&D intensity of 15% - above the international average (13.5%). Others include aerospace & defence, and healthcare. 

A.29
In other prime ‘high-tech’ area of information and communication technology (ICT) hardware, there are no UK companies in the top 16. By way of comparison, US companies make up two thirds of the international ICT sector list, and account for over a quarter of the 130 US companies in the Scoreboard. Similarly, in the electronic and electricals areas, only GEC ( now Marconi)  features.

A.30
Below the top 16, the mix effect (including lower intensity sectors) is also important in explaining the gap between the UK and international levels of investment. However, under investment is also more apparent. Dividing the UK group roughly by size into FTSE listing categories shows the FTSE mid 250 group of 83 companies with the lowest R&D intensity (1.3%) of all the listing categories.

A.31
There are some smaller UK companies investing on a par with international counterparts. These are especially in the biotechnology related areas, although they also appear in the IT and electronics areas. 

A.32
In the high-tech physics based industries in the UK, automobiles and IT hardware sectors account for only 10% of total R&D whereas they make up nearer 50% of the total R&D shown by the top international companies. 

A.33
These results point to a relative dearth of big technology companies in the UK and especially in the physics based sectors, some of which are of vital significance to the future economy. The lack of some really big UK companies in high-tech sectors (outside pharmaceuticals) was confirmed by the bubble charts in the Scoreboard, which also showed that UK profitability levels were at least comparable with those shown internationally. 

A.34
While profit levels need to be treated with care (especially due to differences in accounting), this does raise the question whether UK companies are perceiving, if not experiencing pressures to constrain investment for growth in order to return high, short term profitability levels. If true, this could have grave consequences for the longer term health of the UK economy.

A.35
For instance among  the 550 UK companies in this Scoreboard, some 30 fell into a group which shared the common features of having sales of over £10m, an R&D intensity in excess of 2%, profitability of 10% and sales growth of at least 40% since 1994. 

A.36
This group was also characterised by a history of consistent R&D investment, typically well above their sector average. But even so only 10% of them are investing at an R&D intensity above 10% compared to around 40% of the some 250 companies in the equivalent group among the US firms
.

A.37
Almost 40% of UK Business R&D is undertaken by foreign affiliates:

	



A.38
Other notable features are:

· UK large firms perform a higher share of their technological activities outside the UK than those based in other countries of similar size : nearly 50% of US patenting by UK firms comes from subsidiaries or branches outside the UK.  The US is the most popular location for UK companies.

· Studies of the internationalisation of research and technology suggest that the increased globalisation of markets will speed up the process of localisation of innovation to certain world-leading clusters of linked actors. 

· Firms’ strategies are leading to a concentration of research and innovation activities in those countries where attractive markets, highly developed production structures and excellent research conditions coincide.

· The UK’s record in attracting Foreign Direct Investment in R&D suggests that we are well placed to take advantage of these trends. The UK attracts the greatest proportion of US and Japanese R&D facilities in Europe and a recent study on the location of mobile R&D in Europe shows that universities in the UK are at the forefront of attracting cohabitive R&D activities from overseas companies
.

· UK firms are well connected internationally, broadly on a par with the US and Japan, when relative size is taken into account.
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· There are no reliable time series revealing changes in the numbers of UK companies spending money on research and development. The changes which have occurred across broad product groups are:




(g) International Comparisons

(i)  Manufacturing
A.39
UK Business Expenditure on Innovation is near the bottom in manufacturing.
	




· The share of turnover in UK manufacturing devoted to a range of technological development activities, including intra-mural and extra-mural R&D, purchase of external technology, investment in connection with innovation and industrial design, is on average lower in the UK than the rest of Europe, at 3.2% of turnover against a European average of 3.8%.   This difference is mostly accounted for by large enterprises: 

	
	UK
	EC Average

	Small                                                                 
	3.3
	2.3

	Medium-sized                                                                
	2.9
	2.3

	Large                                                                 
	3.2
	4.4


· The proportion of innovators in small manufacturing firms in the UK is above the EU average, while at the same level as medium and larger enterprises:

	Shares of Manufacturing Enterprises who are Innovators, by Size and Country

	Group
	Germany
	France
	UK
	EC Average

	Small                                                                 
	63
	34
	54
	44

	Medium-sized                                                                
	70
	48
	59
	59

	Large                                                                 
	85
	75
	81
	81


· The contribution of innovation to manufacturing turnover is substantially lower in the UK than in most other EU countries. 



	Shares of innovations in sales in manufacturing, by size and country.

	Country
	Germany
	France
	UK
	EC Average
	

	Total
	43
	21
	23
	31
	

	Small                                                                 
	30
	8
	14
	15
	

	Medium-sized                                                               
	31
	14
	21
	22
	

	Large                                                                 
	47
	25
	25
	35
	






(ii) Services
A.40
The UK innovator share is similar to the EC average for services,  while the comparison across company sizes shows medium and large UK service enterprises with a  lower share of innovators than the EC average.

	Shares of Services Enterprises who are Innovators, by Size and Country

	
	Country
	Germany
	France
	UK
	EC Average

	10-49 
	Small                                                                 
	41
	25
	40
	37

	50-249
	Medium-sized                                                                 
	60
	33
	37
	49

	250 +  
	Large                                                                 
	83
	73
	55
	73


· In certain “high-technology” services sectors - transport and telecommunications services and R&D and  technical service sectors, UK spending on innovation at 3.8% of turnover is higher than the European average of 2.7%. 

· UK businesses in  services sectors are more innovative than in manufacturing.
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(iii) Business Expenditure on R&D

A.41
UK Business Expenditure on R&D per worker is among lowest of G5 countries.

	




· Even allowing for the fact that R&D spending tends to vary by sector and the sectoral differences across countries, UK businesses’ current overall R&D performance is weak with comparable (or better) performance to their major competitors in only two industries: drugs and metal products. 

· R&D spending tends to vary by sector, so poor performance could reflect different mix of economic activity across countries.  

· However, even taking this into account, UK businesses’ R&D performance is weak with comparable (or better) performance to their major competitors in only two industrial sectors, pharmaceuticals and electrical machinery.

(iv) Patenting
A.42
Notwithstanding the caveats which surround the use of patent data, the data suggests that the UK has some way to go to catch up with German and US innovative capacity. The US is pulling ahead, at least in terms of patents granted in its own market, and the UK is not catching up with Germany. This may reflect relatively low levels of R&D spending although there is also some evidence that business perceptions of the strength of intellectual property protection in the UK are below the average for other countries surveyed.

	[image: image3.wmf]US and EU Patents

0

50

100

150

200

250

UK

Germany

France

Italy

US

Canada

Japan

(per million of the 

population)

US Patents Granted (in 1998)

EU Patent Applications (in 1995)

Source: US Patent and trademark Office, European Patent Office




· The relatively poor showing of the UK in patenting is consistent with the results of a study carried out for the US Council on Competitiveness
. 

· The US Council’s index, based on patents data and determinants of innovation performance, shows the UK languishing at the bottom of the table of countries surveyed, with an expected patent output per head only about one third of the level of top-tier innovators.

(v) Sources of Information and Innovation

A.43
Data from the Community Innovation Survey also suggests that UK firms draw on extensive range of  information sources for innovation, with a strong customer focus. Around:

· 10,000 (c 8% of the total) draw on the science base as a direct source of technological knowledge. 

· 3500 do R&D, employ Qualified Scientists and Engineers (QSEs)
 and use science base sources;

· another 4000 use the science base, undertake R&D, but have no QSEs;

· around 500 use the science base with QSEs but no R&D. 

· Whether UK firms use the science base as a direct source of knowledge for technological innovation depends on their own in-house resources. Undertaking R&D appears to be the dominant factor in their capacity to access science base knowledge. Around:

· 1200 do R&D, employ QSEs and collaborate formally with the science base;

· a further 1500 collaborate with the science base, undertake R&D, but have no QSEs;

· firms with QSEs but no R&D rarely collaborate formally  with the science base.

· These figures suggest that undertaking R&D is normally a pre-requisite before firms participate in collaborative projects with the science base i.e. they first need to develop the capacity to adapt and develop science and technology.

· A significant number of firms access science base knowledge, or engage in formal collaborations, without employing QSEs. This may reflect the fact that many universities are offering short courses (e.g. in IT)
 which place less demands on the competencies of beneficiary firms.

· Indirect sources of science base derived knowledge are of quantitatively greater significance than the direct links with the science base.  This applies to “Knowledge Pools” – such as computerised technical databases, professional conferences and patent disclosures,  and to standards and regulations. Around

· 9000 enterprises do R&D, employ QSEs and derive information from knowledge pools;

· a further 11000 derive information from knowledge pools, and undertake R&D, but have no QSEs;

· some 3000 have QSEs but no R&D and derive information from knowledge pools.

· Generally firms look more to technology intermediaries for knowledge than to direct contact with the science base. This is because the intermediaries act as technology translators - partly because they “speak the same language”  as the companies they seek to help but also because intermediaries offer “technology” as opposed to “science”. Around

· 6300  enterprises do R&D, employ QSEs and source technology from intermediaries;

· a further 7700 undertake R&D, but have no QSEs, and derive technological information from intermediaries;

· some 2300 have QSEs but do  no R&D and derive technological information from intermediaries. 

· Over 7000 enterprises use the science base and intermediaries, nearly 30000 use intermediaries solely and around 2800 use the science base solely.

	Sources of S&T: % Ranking of Key Sources
	Manufacturing sector
	Service sector

	
	UK
	EU average
	UK
	EU Average

	Sources within the enterprises                            
	43
	51
	38
	52

	Other enterprises within the enterprise group             
	19
	26
	29
	39

	Competitors                                               
	17
	18
	20
	19

	Clients or customers                                      
	54
	46
	65
	38

	Consultancy enterprises                                   
	2
	4
	10
	11

	Suppliers of equipment; material; components or software    
	23
	19
	27
	18

	Universities or other higher education institutes         
	4
	5
	4
	5

	Government or private non-profit research institutes      
	2
	3
	7
	3

	Patent disclosures                                        
	4
	3
	0
	1

	Professional conferences; meetings; journals                
	5
	8
	8
	15

	Computer based information networks                       
	3
	4
	9
	11

	Fairs and exhibitions                                     
	15
	21
	17
	17

	
	
	
	
	


Typology

A.44
Broadly, a “technology” based company is one whose business growth and success is dependent upon the development of one or more technologies or on the development of  products, processes or services which require significant technological innovation.

A.45
A number of different yardsticks are possible for identifying such companies. For instance, the so-called “Butchart” criteria, uses R&D intensity and the proportion of full time employees hold a first degree of equivalent in any scientific or engineering discipline (i.e. Qualified Scientists or Engineers (QSEs)) as follows:


(i) R&D/Sales ratio higher by 20% or more than average for all industries; or


(ii) R&D/Sales ratio above this average (but by less than the 20% mark) but 
with a ratio of administrative, technical and clerical staff above average.

A.46
A more limited set of criteria was adopted in the “ Williams” Group Report
 on the Financing of High Technology Businesses, (1998) to define a “ high “ technology company”, namely one:

(i) which spends 10% or more of its annual sales revenue  (expenditure) on research and development ( according to the Frascati definition but excluding research in the humanities and social sciences ) undertaken by itself in the UK and at a minimum annual cost of £50,000, or

(ii) for which at least 30% of its full time employees are qualified scientists or engineers whose work for the company is principally to develop or introduce new technology based products, processes or services.

 services.

A.47
More qualitative descriptors of course can also be used along the lines of “ a technology based company is one whose products or services depend to a significant extent on the application of scientific or technological skills or knowledge, whether it be a novel application of advanced technology to provide a totally new product or service, or an application of existing technology in an innovative manner”.
 

A.48
This latter definition allows the following further distinctions to be made. These have been used in some of the tables above:


(i) Novel innovators i.e. companies which introduced a technologically new or 
improved product between 1994-1996 that was also new to their market;


(ii) Follower Innovators i.e. companies which introduced a technologically 
new or improved product or process between 1994-1996 but excluding the 
Novel 
Innovators; and

(iii) Innovatively backward i.e. companies which did not introduce any new products or processes between 1994-1996. 
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ANNEX C

GLOSSARY OF TERMS

Basic Research is experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundation of phenomena and observable facts, without any particular application or use in view. This can be sub-divided into two categories:
Pure-basic Research is carried out for the advancement of knowledge, without working for long-term economic or social benefits, and with no positive efforts being made to apply the results to practical problems or to transfer the results to sectors responsible for its application. This is sometimes called “blue skies” or “basic, curiosity driven” research.

Orientated-basic Research is carried out with the expectation that it will produce a broad base of knowledge likely to form the background to the solution of recognised or expected current or future problems or possibilities. This is sometimes called “basic technological research”

Applied Research is also original investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards a specific practical aim or objective. It can also be split into two categories:


Strategic-applied Research is directed toward practical aims, but has not yet 
advanced to the stage where eventual applications can be clearly specified.


Specific-applied Research will have quite specific and detailed products, 
processes, systems, etc., as its aims.

Experimental- Development Research is systematic work drawing on existing knowledge gained from research and practical experience that is directed to producing new materials, products or devices; to installing new processes, systems or services; or to improving substantially those already produced or installed.

Innovation is the process by which ideas and knowledge are exploited for business purposes, It encompasses not only the creation of a new product, production process or service but also the systems, processes, organisations, structures and all other aspects of a company’s existing or future competitive edge such as distribution, marketing, and branding and indeed the creation of a brand new market. The process draws on a range of intellectual and other inputs including knowledge of markets, customers,  competitors, science, engineering and technology.

Science is the body of existing knowledge and understanding about way the world works , sometimes called the “laws of nature”, and is the result of basic scientific research, primarily motivated by the desire to add to the existing stock of knowledge for its own sake..

Engineering is the creative process and the “know how” of converting existing knowledge and experience into something useful.

Technology is the end product of the creative process by which existing knowledge and experience is developed and applied to produce something useful, for instance a product, process, system or methodology. Science and engineering produce technology which can be pushed by scientific research. Conversely scientific research can be pulled by technology.

Enabling Technology is generic or thematic in nature, offering a range of new technological opportunities for further research and development with the aim of commercial application and exploitation but not of nature which provides sufficient benefits to justify commercial investment in its creation. Using the above definitions, orientated basic and strategic applied research are the principal sources of such technology.

Technology based businesses are those that risk significant investment in the creation and application of technology to add value to their products, processes or services. It includes companies which invest in research and development, as well as those which procure technology, for instance in the form of a machine, and adapt substantially through their creativity for a new purpose or application. It also encompasses companies engaged in the development of new software. These sorts of businesses are normally identified by either or both the intensity of their expenditure on research or development and the proportion of qualified scientists and engineers in their work force. Between 5-10% of UK manufacturing companies fall with its scope at present.

Engineers and Technologists are people with the knowledge and skills to turn scientific knowledge into something practical and useful, whether that be a product, a process, a system or a methodology.  (This report does not distinguish between engineers and technologists).

Exploitation is the application of science and technology by business to make money.

Clusters are concentrations of interconnected companies, specialised suppliers, service providers, firms in related industries and associated institutions with a particular geographical area, sector of business or field of technology. The scale, intensity and nature of these interconnections determines the synergistic effects of this concentration but successful clusters share a number of common features, namely:

· a strong science base

· an entrepreneurial culture

· a group of growing companies

· the ability to attract key staff

· premises and infrastructure

· the availability of risk finance

· excellent business support services

· the presence of large companies in the same or related technology or business sector

· a skilled workforce

· effective networking among the constituents and others

· a supportive policy environment

A nation’s innovative capacity means the ability of its business base to produce a continuous stream of products, processes and services based on new technology. The main

main components are:

· the number and quality of people engaged in technology development in the public and private sectors, as well as the nature and characteristics of their work;

· the basic research and technological infrastructure including the science and engineering base; research and technology organisations; public policies and expenditure on science, technology, and education including that concerning technology transfer and diffusion, the “stock” of basic scientific technological knowledge and expertise for commercialising ideas; and the international connections;

· businesses and their networks constituting the country’s industries, sectors and clusters including the capacity and capabilities of these firms for absorbing and exploiting new science and technology;

· the links and interactions between these firms/network and this basic research and technological infrastructure including such technology and knowledge transfer/diffusion mechanisms as industrial research and technology organisations, and as UK examples the new Faraday Partnerships and the Teaching Company Scheme;

· the willingness and ability individual firms to invest in technology based growth. Ultimately, this latter element is the most imprint one in terms of the nation’s prosperity and quality of life.

All OECD and many other countries are seeking to strengthen this national capacity by developing suitable policies for science, technology, technology diffusion and innovation. What seems to make the competitive difference is the cultural, institutional and organisational setting in which technological innovation occurs. 

� See for example: ‘Technology sources for SMEs’ by Lambert R and J Barber in New technology Based Firms in the 1990s V5 edited by R Oakey and Wim During, Paul Chapman Publishing Ltd 1998.


� K Pavitt, ‘Sectoral Patterns of Technological Change: Towards a Taxonomy and a Theory’ Science Policy Research Unit, 1983. 


� JS Metcalfe ‘Innovation as a policy problem: new perspectives and old on the division of labour in the innovation process’ Paper presented at Robinson College, Cambridge. November 1998.


� ‘The Relationship between Publicly Funded Basic Research and Economic Performance’, A SPRU Review, Report prepared by the Science Policy Research Unit for HM Treasury (1996). 


� The sampling frame included  enterprises (not companies) in most production and service sectors with 10 or more employees (i.e. micro firms were excluded). These enterprises accounted for 57% of all non-agricultural business employment.  Some 2400 responses were received, from a relevant population of over 155000. The figures presented are based on the survey results grossed up to the population level. They are threforeare indicative of orders of magnitude. The survey was limited to firms with more than 10 employees in most production and service sectors. These firms accounted for 57% of all non-agricultural business employment in the UK.


� Grossed up survey figures not adjusted to the business population.


� Small Firms and Employment Creation in Britain and Europe,  CRIC Briefing Paper No 2, March 1999.“


� B Tether (1998) Small  and Large Firms, Sources of Unequal Innovation, Research Policy, 27, pp 725-745.


� P Westhead and D Storey (1994), An Assessment of Firms located on and off Science Parks in the UK” HMSO, London. Indeed the evidence suggests that innovative and technology based ventures are more likely to survive than new firms generally.


� B Tether and S Massini (1998), Employment Creation in small technological and design innovators in the UK during the 1980s, BS, Small Business Economics, 11, 353-370.


� Tether and Massini (1998) op cit.


� What’s driving your share price today ? AT Kearney, London, 1999.


� Organising to improve company performance, Warwick Business School, March 1999.


�The UK R&D Scoreboard 1999, DTI, June 1999.


� Industry & R&D, Tubbs M, Physics World, October 1998.


 6   “Britain’s Research and Development Capability” Invest in Britain Bureau 1998, ref. IBB/PUB/R&D/1998 URN 98/620


� Unless otherwise indicated the main source for this data is the Community Innovation Survey


� “World Competitiveness Yearbook”, Institute for Management Development, Geneva, June  1999.


� Michael  Porter and Scott Stern “The Innovation Index - New Challenges to America’s Prosperity”, US Council on Competitiveness, 


� The survey defines a QSE as someone who holds at least a first degree in a science or engineering subject. 


� See ‘Industry-University Co-operation Survey’, Department of Trade and Industry, 1996.


�  Additionally,  the EU definition of a small and medium sized enterprise was adopted by this Group to give meaning to the adjective “emerging”, namely “ an enterprise with not more than 250 employees, no more than  25% owned directly or through an intermediary organisation, by enterprises not satisfying these criteria; and with either a turnover of not more than ECU 40 million or a balance sheet of not more than ECU 27 million.


� The Financing of Technology-based Small Firms, Bank of England, 1996.
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Source: Eurostat (Community Innovation Survey)
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