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UK R&D Strengths in IT, Electronics and Communications (ITEC) and Creative Content Industries (CCI)

Executive Summary

1. The UK has a large ITEC sector in comparison to other countries at a similar state of development, but this contains an unusually large service component.  

2. According to official statistics, the UK ITEC sector has a low R&D spend relative to other countries as a proportion of turnover.  In part, this may reflect the high degree of orientation in the UK ITEC sector towards services, which until recently recorded low levels of R&D activity.  It may also reflect that there are fewer fiscal incentives to undertake (and record) R&D in the UK than in many other industrialised countries.

3. The main survey recorded some 30,000 working in ITEC R&D in 2000, representing around two-thirds of the total population of ITEC R&D employees estimated to be in the UK private and public sectors. 

4. The firm level survey identified that the UK is particularly strong in communications R&D, in both hardware and network management software aspects.  The UK also had a strong presence in Internet, user applications software, middleware, photonic components and microelectronics.  These six fields accounted for more than half (53%) of R&D effort in UK-based firms.  

5. In relation to application areas for ITEC R&D defence, transport, e-commerce, together with manufacturing and robotics, finance, banking and accounting and education and training defence accounted for nearly half (46%) of recorded R&D effort in the identified application areas. A number of organisations stated that the computing and communications technologies they were developing were too generic to be identified as applying to individual fields. 

6. In terms of the wider R&D base, a large majority of respondents considered the overall quality of R&D workers to be a major UK strength.  However, concerns were expressed about the ability of the higher education infrastructure to provide sufficient numbers to meet the requirements of industry.  As such, the problem that the UK faces is not in any of the particular technological fields identified for this study, but rather the problem of sufficient scale both within firms and universities. 

7. A final problem for the UK as a whole, which was repeatedly expressed in the ITEC sector, was that the creation of technologies in Britain was not the problem, rather it is the effective utilisation of technologies.  The ability to translate technological developments undertaken the world over into products and services that are commercially marketable is a key issue for UK ITEC R&D in the future. 

1 Introduction

This report has been prepared by the ESRC Centre for Research in Innovation and Competition (CRIC) and Policy Research in Engineering, Science and Technology (PREST) of the Federal School of Business and Management at the Universities of Manchester and UMIST, in response to a Call for Tender
 relating to a study of United Kingdom (UK) research and development (R&D) strengths in Information Technology, Electronics and Communications (ITEC) .  The study was commissioned by the Department of Trade and Industry, on behalf of the Information Age Partnership task group on ITEC R&D Strengths.

The main objectives of the study are to map and measure UK R&D strengths in ITEC fields of activity using both primary and secondary material.  This includes: 1) an analysis of large UK R&D facilities operating in each main ITEC field of activity and those R&D intensive Small and Medium-sized Enterprises (SMEs) active in the ITEC sector; 2) assessment of strength and quality of academic research in the ITEC fields; and, 3) using further secondary data and related surveys provide additional evidence of strengths and weaknesses of the UK in the ITEC technological fields.

In the report, Section 2 provides a broad overview of the UK’s growth and development in the ITEC sector within an international context and an analysis of the growth and nature of ITEC R&D in Britain.  Section 3 outlines the detailed methodological design of the study.  Section 4 investigates in detail specific ITEC technological fields in terms of exploring their strengths and weaknesses, together with an analysis of particular key R&D application areas.  Section 5 focuses on the UK as place to do ITEC R&D, this includes the advantages and opportunities that the UK provides in terms of supporting R&D as well as examining disadvantages and barriers.  The role of universities and the wider UK R&D infrastructure is also explored here.  Lastly, Section 6 provides a short overview and synthesis of ITEC R&D in the UK.

Research and the application of knowledge has been highlighted as a key requirement for the development of the economy.  Thus, as Stephen Byers, the former Secretary of the State for Trade and Industry has commented:

“Knowledge needs to be created, located and adapted and exploited.  Applying knowledge to develop new products, new processes and new services which reduce costs, meet customer demands and open market opportunities.  The knowledge-driven economy has as its cornerstone learning, skills, innovation and enterprise.” 
 

Similarly, Lord Sainsbury, the Minister for Science and Innovation has recently noted:

“Success depends on how well our assets of knowledge, skills and creativity are exploited…….  innovation and technology become ever more important in the knowledge driven economy…..”

However, it is “by no means a foregone conclusion that the UK will make the most of the potential benefits of the knowledge driven economy – individuals and government need to work together to take advantage of the opportunity.” (DTI 1998, 9).   As part of this process, it is important we understand the nature and extent of UK knowledge economy, specifically here the role of R&D, so that we can effectively harness it for the long term growth and prosperity of Britain. 

2.
ITEC R&D: The UK in Perspective 

2.1 
Introduction

Section 2 will seek to provide an in-depth evaluation of the strengths of the ITEC research and development activity in the UK by taking a sectoral and technological field perspective.  Section 2.2 begins with a general review using the latest OECD data.  Section 2.3 then provides a more detailed analysis using data from the DTI R&D Scoreboard before it then analyses data emerging from the survey on R&D activities.  The last section makes a number of general conclusions about the UK’s capabilities with regard to ITEC R&D.    

2.2
ITEC Growth and Development

ITEC is a major component of the UK economy (Figure 2.1).  The UK has the third largest number of people employed in the ITEC sector in 1997 in the Organisation for Economic Cooperation and Development (OECD) area with some 1.11 million workers (8.7% of the OECD total; after the US with 35.3% and Japan with 16.1%) and has been defined as a being within a select group of ‘High Intensity ITEC’ countries (together with Finland, Hungary, Ireland, Korea, Sweden and the US; see OECD 2000a, 12 and 31).  Similarly, a greater proportion of UK trade (14.9%) is based on the ITEC sector than either the OECD or European Union (EU) averages.

Growth of the ITEC sector also appears strong in the UK.  The ITEC sector has had a much higher long-term growth rate than the economy as a whole, with growth accelerating in the 1990s to about 10% per annum (CRIC 2000, 24).  Equally, not only is trade in goods and services already high, but the trade deficit of £2.6 billion in 1998 is forecast to become a trade balance of £2 billion by 2005 (CRIC 2000, 26). 

Lastly, the UK has a relatively strong growth rate between 1992 and 1999 in ITEC patents granted by the United States Patent Office, with an annual growth rate of around 12% per annum, above that for the EU as a whole (although below that of all OECD member states; OECD 2000b, 9). 

On this broad level, the UK appears to be well placed to develop a full and balanced knowledge-based economy.  However, there are a number of what might be termed as peculiarities of the UK ITEC system.  There are two facets of the UK ITEC sector which might be considered as both significant and special.  These are:

1) That ITEC services play a much more important role in the UK than in virtually any other developed economy.  Thus, over half of all ITEC employment in the UK is in the ITEC service sector with only Norway, Belgium and Denmark have higher proportions of their ITEC workforce in services.  

2) The UK has apparently a relatively low of spend in ITEC R&D.  Its share of OECD R&D expenditure in the ITEC sector is reported as just 2.8%, this compares with the UK’s share of the OECD workforce of 8.7% (Section 2.3). 

2.3 UK Research Profile

The relative R&D specialisation of the UK in terms of ITEC is below the EU and OECD average (as reflected by the ratio of ITEC R&D to total BERD).  Again the ITEC service sector in the UK makes up a greater proportion of R&D in ITEC (nearly a third) compared with other major industrialised countries, with only Iceland, Australia, Greece, Denmark and Norway having higher proportions.  As a mirror image to this, the proportion of manufacturing related R&D in the ITEC sector is particularly low (under half of total R&D expenditure; with only Norway, Australia, Mexico and Iceland having lower proportions) and compares with percentage figures of between 80-90% in Korea, Finland, Japan, Netherlands, Germany and Ireland (OECD 2000a, 25). 

An often used source of analysis in relation to R&D activity has been data collected for the R&D Scoreboard (DTI 2000a).  The Scoreboard highlights some of the wider characteristics of the UK IT hardware, electronics & electrical and software industries, in particular noting in its sectoral analysis of R&D activity that UK R&D intensity was much lower for these three sectors than that of its compiled international R&D intensity. 

The Scoreboard also found that foreign-owned companies play an important role in UK R&D activity in the IT hardware and software sectors accounting for around 40% of the total.  However, as the report notes “Their R&D intensity is less than the UK sector average and hence less than UK companies in those sectors.  [The] Electronic and electrical [sectors] again shows a lower overseas R&D intensity” (DTI 2000a).  The report concludes that the UK is weak in R&D activity in these physics-based sectors compared with internationally.  Much has been of the weakness of the UK ITEC sector in terms of R&D compared with pharmaceuticals and bioscience sector.  There are few large domestically-owned companies and although foreign-owned companies are important for supporting R&D in the UK there are only handful of companies that spend more than £50 million on R&D in this country.  

Using the latest DTI (2000a) R&D Scoreboard as a base there were only nine firms that spent more than £50 million in 1999 in the UK across the four industry sectors that were studied: electronic and electrical, IT hardware, software and services and telecommunications.  These were, in order of R&D expenditure: Marconi (£471 million), Invensys (£378 million), BT (£345 million), IBM (£118 million), ICL-Fujitsu (£107 million), Nokia (£73 million), Misys (£70 million), Hewlett-Packard (£65 million) and NCR (£65 million).  By contrast, Siemens’ total R&D expenditure (£3,133 million) alone still accounts for more than the total estimated R&D expenditure in the UK for all the four industry sectors combined (Figure 2.1; see CRIC 2000, 21).  Indeed in all the sectors, apart from software and services, the top ranked company (Invensys, Marconi and BT) was six to seven times larger in R&D terms than the second placed R&D operator (Tables 2.1 and 2.2).  As noted earlier, the weakness of the Electronic and Electrical sector in terms of R&D activity relative to overseas countries has been particularly highlighted and more detailed research appears to confirm this.  Not only is absolute spend lower, but R&D as a percentage of sales is also significantly lower.  Thus the top five UK R&D spenders in the electronic and electrical sector had an average R&D ratio of 4.1% (total spend £569.7 million) compared with the top five internationally of 7.1% (total spend £10,076 million; Table 2.1).

Although it is important to note the analysis in the R&D Scoreboard because it is widely quoted and commented upon within the UK, and is a useful starting point in a review of R&D activity within Britain, care should be taken in interpreting the data within the Scoreboard.  The data has certain significant limitations which need to be treated with caution.
  In particular, the level of R&D expenditure attributed to both UK-owned and foreign-owned companies can significantly over- and under- record  the actual level of R&D activity within the UK. 

In terms of over-representation, the analysis implies that all, or primarily all, R&D expenditure and funding by UK-owned firms is undertaken in the UK.  Although for some UK-owned ITEC firms R&D activity can be largely, or occasionally solely, concentrated within the UK, for some companies with a wide international spread of corporate activity, R&D spend and jobs in the domestic UK economy can be very low.  A case in point here is Invensys where virtually all its R&D expenditure and therefore employment is undertaken in North America and only a small part of its R&D activity is undertaken in the UK (see Table 2.1). Under-representation of R&D activity, by contrast, can often occur with foreign-owned companies where their UK-domiciled subsidiary only partially covers all the R&D activity in the UK.  An example here is that for Nortel Networks which reported an R&D spend in the UK for its UK subsidiary of some £27 million in 1999, even though it recorded a £270 million spend in 2000 as part of the ITEC survey.      

Figure 2.1
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The totals for all UK companies are shown in the first column in each set of four

Table 2.1  Top ITEC R&D Spenders in the UK: Electronic & Electrical and IT Hardware, 1999

	Company
	Rank
	UK R&D Expenditure

(£ millions)


	UK Sales Turnover

(£ millions)


	UK R&D as % of Sales
	UK R&D Change, 1995-9

(1995=100)



	Electronic and Electrical



	Invensys
	1
	378.0
	9,034
	4.2
	261

	Thales* 
	2
	49.9
	1,048
	4.8
	77

	Philips Electronics
	3
	49.5
	1,189
	4.2
	174

	Siemens
	4
	49.0
	2,391
	2.0
	37

	Spirent
	5
	43.3
	675
	6.4
	226

	Astec
	6
	23.6
	403
	5.9
	610

	Fairey
	7
	17.1
	275
	6.2
	191

	Pace
	8
	11.8
	183
	6.4
	347

	Oxford Instruments
	9
	11.6
	161
	7.2
	111

	Domino 
	10
	8.0
	134
	5.9
	124

	
	
	
	
	
	

	IT Hardware



	Marconi
	1
	471.0
	5,437
	8.7
	109

	Nokia
	2
	73.2
	1,036
	7.1
	406

	Hewlett-Packard
	3
	64.9
	2,529
	2.6
	218

	NCR
	4
	64.7
	528
	12.3
	265

	Motorola
	5
	46.9
	3,718
	1.3
	128

	Nortel Networks
	6
	27.2
	1,276
	2.1
	n.a.

	ARM
	7
	17.0
	62
	27.4
	678

	Filtronic
	8
	16.2
	187
	8.7
	1,540

	Psion
	9
	10.7
	150
	7.3
	192

	Toshiba
	10
	6.5
	284
	2.3
	n.a.

	
	
	
	
	
	


* formerly Thompson-CSF, which acquired Racal

Source: compiled from DTI R&D Scoreboard, 2000a

Table 2.2 Top ITEC R&D Spenders in the UK: Software and Services and Telecommunications, 1999

	Company
	Rank
	UK R&D Expenditure

(£ millions)


	UK Sales Turnover

(£ millions)


	UK R&D as % of Sales
	UK R&D Change, 1995-9

(1995=100)



	Software and Services 



	IBM
	1
	117.9
	5,201
	2.3
	102

	ICL-Fujitsu
	2
	106.9
	3,356
	3.2
	62

	Misys
	3
	70.3
	582
	12.1
	1,106

	Merant
	4
	34.3
	215
	16.0
	128

	Sage
	5
	29.9
	307
	9.7
	378

	Sema
	6
	27.7
	1,410
	2.0
	172

	Logica
	7
	16.9
	659
	2.6
	256

	CMG
	8
	13.0
	609
	2.1
	443

	Bright Station
	9
	11.8
	171
	6.9
	507

	Rebus
	10
	11.1
	104
	10.7
	125

	
	
	
	
	
	

	Telecommunications



	BT
	1
	345.0
	18,715
	1.8
	122

	Vodafone
	2
	46.0
	7,873
	0.6
	170

	Cable & Wireless
	3
	12.0
	9,201
	0.1
	13

	Orange
	4
	4.0
	1,213
	0.3
	n.a

	
	
	
	
	
	


Source: compiled from DTI R&D Scoreboard, 2000a

2.4
Conclusions

The UK clearly has a relatively strong and vibrant ITEC sector, reflected in its overall absolute size, its growth rate and narrowing trade gap.  However, this is counter-balanced by its low absolute and relative R&D spend and there appears to be no discernible shift in this low level of R&D activity.  

In part this may reflect the high degree of orientation in the UK ITEC sector towards services which until recently have recorded low levels of R&D activity.  On this basis there may be a more positive future for the UK R&D base in ITEC, as software and IT service companies are expanding their research and development effort. Section 4 will explore these actual and potential R&D strengths in more detail. 

3.
Study Framework and Methodology

3.1
Outline

This study provides a review of UK strengths in R&D activities associated with the ITEC fields of R&D.  The study presents a number of main areas of enquiry, centred on an aggregate overview of R&D activity in the ITEC sectors and a more detailed analysis of UK strengths (including industry, higher education and other public R&D sectors) which have emerged from the data.     

There is unfortunately limited information available on the R&D activities of the UK ITEC technology based industries.  The study has built upon the earlier Directorate General for the Research Councils (DGRC) study undertaken by the Centre for Research in Innovation and Competition (CRIC) on the UK information and communication technology based industries (Tether et al. 2000), but has also used other secondary data and publications to analyse the research and development profile of the sector. 

3.2
Survey Framework

Given the paucity of existing R&D data the study based much of its analyses on three primary data and information sources.  These were: 

a) a postal and email-based questionnaire survey; 

b) an email-based survey of ITEC research active university departments in the UK; and

c) a more detailed interview survey of a cross-section of leading firms, organisations and universities in the ITEC sector. 

Organisations that were therefore involved in the survey came from three main research and development communities, namely (see Appendix 3 for further details):

1) Firms undertaking R&D associated with the ITEC activities.  These firms in turn can be divided between: a) large and medium sized firms involved in R&D activity in the UK; and b) indigenous, small firms undertaking significant R&D and/or innovation.

2) Universities with 4, 5 and 5* rated departments involved in ITEC relevant R&D.

3) Other public research institutes and organisations undertaking relevant R&D activity, such as the BBC, NPL and the Rutherford Appleton Laboratory (RAL).

3.3
Further Issues

An important element in the study has been to provide an analysis of R&D strengths in ITEC sectors, but also to map these onto areas identified as being strategically important and to the UK economy. It should be recognised that there are pools of ITEC R&D activity which have not been fully covered by the survey because of resource constraints.  These areas cover those sectors whose primary activities are not in the ITEC field, but who may undertake some ITEC-related research and development in relation to its application to other branches of science and industry.  Such sectors include financial and business services, the pharmaceutical industry, the automotive sector and instrumentation (Section 4.3).     

It is also important to note here that although much effort was expended on including SME R&D activity in the survey and that the response rate from small firms was good (Appendix 3; Table A3.2), small firm R&D activity is still likely to be under-recorded in the overall survey results.

4.
ITEC Research Fields: Strengths and Weaknesses

4.1 Introduction

This chapter forms the main analysis of the responses to the questionnaire survey of firms and organisations involved in ITEC R&D.  The next section analyses the specific R&D strengths of the respondent firms according to the technological fields outlined in Appendix 2 (Table A2).  Further details of the survey including the number of respondents and response rates are provided in Appendix 3. 

4.2
Aggregate UK ITEC Research and Development Activity

The survey recorded almost 30,000 R&D workers involved across the ITEC technological fields (Section 4.3) amongst 411 firms and organisations surveyed as part of the study.
  A further 66 firms and organisations that responded recorded no R&D activity. The number of R&D workers charted by the survey equates to about three-quarters of the total industrial R&D employment population in the ITEC sectors using the Office of National Statistics (ONS) data which estimates a total ITEC R&D workforce of some 37,000 in 1999 (Table 4.1).  This figure is also similar to that derived from the 1996 UK Community Innovation Survey (CIS) of 31,200 R&D employees in four Standard Industrial Classification (SIC) sectors; namely, computers (SIC 30), electronics (SIC 32), telecommunications (SIC 64) and computer services (SIC 74).

Systems and software research and development accounted for some 57% of total R&D effort within the firms, with the remainder, 43%, accounted for by the hardware side of ITEC research and development.  Not too much should be made of the systems-software/hardware split, as the distinction is often arbitrary and blurred, with some systems work associated with hardware development.  In relation to those R&D workers employed by manufacturing firms and those by service firms there was an almost an equal split with around 15,000 in each category of firm.  Amongst those respondents that manufacture, about half their total R&D effort was on ‘systems and service’ activities, whilst amongst the non-manufacturers about 30% of their R&D effort was on components and equipment.  This shows that whether or not a firm is involved in manufacturing is not a particularly good guide to the orientation of their R&D effort.

Table 4.1
Survey of Enterprises R&D – 1999

	Sector
	R&D Employees
	Qualified Scientists and Engineers



	
	Thousands (FTEs)



	Office Equipment and Computers
	2
	1

	Electrical Machinery and Apparatus
	6
	4

	Radio, TV and Communications Equipment
	12
	9

	ITEC Hardware (Subtotal)
	20
	14

	
	
	

	Post and Telecommunications
	6
	4

	Computer Related Activities
	11
	6

	ITEC Software  and Services (Subtotal)
	17
	10

	ITEC Sectors Total
	37
	24

	
	
	

	Other Related:
	
	

	Precision Instruments
	8
	6

	Research and Development Services
	10
	8

	
	
	

	All R&D in the UK 
	153
	92


Source: ONS (2001)

It should be noted that R&D activity in the UK more widely may be under-recorded.  This is because until recently there have been few specific incentives to undertake and therefore to record activity in the UK, unlike many other industrialised countries.  There are tax relief and tax credits now available for SMEs, but for large UK and foreign-owned companies there are virtually no fiscal incentives for undertaking R&D in Britain 
.  As such, companies have had little incentive to record R&D activity that they are in fact carrying out.  Thus, although companies are officially undertaking R&D activity on the basis of the revised Frascati definition (Appendix 1) they often do not recognise that they are doing such work.  On this basis, the profile of R&D is lower than actually occurs and this is probably reflected in both official ONS statistics and in relation to this survey as well.   

Providing a total figure for ITEC R&D activity in the UK is extremely difficult.  However, the following estimates are provided to provide an overall gauge of R&D ITEC activity in the UK.  They include: a) the 37,000 FTE equivalent number of R&D employees in the ‘Business Enterprise’ sector provided by ONS (‘narrow estimate’); b) an estimate of 3,500 for university ITEC FTE equivalent R&D workers in the ‘Higher Education’ sector outlined later in Section 5.3; and c), an estimate (based on survey responses, private communications and secondary data) of a further 6,500 FTE equivalent R&D employees in public research establishments and corporations
 and non-profit organisations (‘Other’ sector).  If under a), the Business Enterprise sector, a further 3,500 R&D employees are included to take account of the inclusion of smaller R&D players
 and those involved in ITEC-related research outside the five ITEC sectors listed in Table 4.1, this raises the Business Enterprise sector total to 40,500.   Combining these three groups leads to an grand total of some 50,000 FTE equivalent R&D staff; producing a final estimated range of between 45,000 and 55,000 R&D employees working in the ITEC sector. 

4.3
Research Strengths by Technological Fields

Based on the responses from the main survey, the two most important R&D fields were associated with communications technologies.  The most important Technological Field (TF) in terms of R&D activity, as measured by Full Time Equivalent (FTE) R&D employees, was ‘communications equipment’ (TF 11) where 12% of all R&D workers in the participating firms were actively engaged in R&D in this field (Table 4.2).  The next most important category was ‘communications network systems and software’ (TF 14) activity with 9% of the total R&D workforce recorded.  

Table 4.2
ITEC Technological Fields: Distribution of R&D Employment 

	Technological Field
	R&D Employment

(FTE)*
	As % of Total Recorded R&D Employment

	TF 1 – Silicon Microelectronics
	       1,446  
	5

	TF 2 – III-V Microelectronics 
	          575 
	2

	TF 3 – Photonic Components 
	       1,519 
	5

	TF 4 – Output Devices 
	          418 
	1

	TF 5 – Storage Technologies 
	          349 
	1

	TF 6 – Power Source Technologies 
	          113 
	0

	TF 7 – Sensor and Actuator Developments 
	          762 
	3

	TF 8 – Communication Components 
	       1,142 
	4

	TF 9 – Interconnect and Packaging Technologies 
	       1,130 
	4

	TF 10 – Broadcast Equipment 
	          833 
	3

	TF 11 – Communications Equipment 
	       3,623 
	12

	TF 12 – Computers 
	          250 
	1

	TF Other Equipment (Control, Test, Instrumentation)
	          367 
	1

	(Hardware Subtotal)
	      12,527 
	43

	TF 13 – Internet 
	       2,533 
	9

	TF 14 – Communications Networks 
	       2,721 
	9

	TF 15 – Sensor and Imaging Systems 
	          690 
	2

	TF 16 – Computer Architecture 
	          671 
	2

	TF 17 – Software Methods 
	       1,248 
	4

	TF 18 – Pattern and Behavioural Recognition
	          199 
	1

	TF 19 – Speech Processing 
	          200 
	1

	TF 20 – Data Management 
	       1,063 
	4

	TF 21 – Middleware 
	       1,807 
	6

	TF 22 – High/User Applications 
	       2,019 
	7

	TF 23 – Games and Toys 
	          496 
	2

	TF 24 – Digital Media and Content Generation 
	          593 
	2

	TF 25 – Human Factors 
	          774 
	3

	TF 26 – Graphics and Animation 
	          511 
	2

	TF 27 – Reliability 
	       1,043 
	4

	TF Security and Encryption 
	          121 
	0

	(Systems and Software Subtotal)
	      16,689 
	57

	TF 28 Other 
	          170 
	1

	Total Across All Technological Fields 
	     29,386
	100

	Estimated Remainder
	       7,614 
	

	Total** 
	37,000


	


Notes:

*  For many respondents, the summed number of R&D workers engaged in the various technological fields exceeded their total R&D employment.  This is because many workers are engaged in more than one field.  To avoid double counting the data are shown using proportional allocations of R&D workers across the various technological fields within each responding firms.  For example, if a firm stated it had 20 R&D employees, but 5 worked in each of 5 technological fields, the proportional allocation of R&D workers to each of these fields would be 4 not 5.  Hence, the total number of people working on each technological field will often be higher than that shown here.

**  Narrow ONS estimate.

The next three most important ITEC technological fields were also associated with systems and software, and covered: Internet (TF 13), high/user level applications (TF22) and middleware (TF 21).  These top five technological fields accounted for over 43% of the total recorded R&D effort in the participating firms (as measured by their R&D employees).  In terms of the overall emphasis in R&D activity, systems and software research and development accounted for 57% of total R&D effort within the firms.  The study employed twenty-seven categories of technological fields, with the smallest number of R&D workers allocated to power source technologies (TF 6).  In total about 660 R&D workers could not be placed within these designated categories and were initially allocated to the ‘Other’ (TF 28) category. 

However, two broad groups within this field were identified as ‘other equipment’ associated with R&D work on ITEC related control, test and instrumentation equipment and another group employed in security and encryption related software work.  These two groups were allocated 367 and 121 R&D staff respectively, leaving just 170 in the remaining ‘Other’ group (TF28).  It should be noted that neither security nor instrumentation/process control R&D is fully covered by this survey, as the survey focused on the core ITEC based enterprises, rather than on enterprises in other sectors, such as instrumentation and security, which often use electronics based technologies (Section 3.3).  There is, however, significant R&D in these sectors.  The ONS (2001) records, for example, about 8,000 R&D workers in instrumentation in the UK.

Overall, three quarters of the respondents declared that they were active in at least one of the systems and software technological fields and almost three quarters declared engagement in one or more of the hardware technological fields (Table 4.3).  Amongst the various fields, the greatest participation was in Internet (TF 13), Data Management (TF 20) and User Applications (TF 22).  Excepting the ‘Other categories’, the lowest level of participation was in III-V microelectronics.

The concentration of effort in these activities was also analysed.  Overall, the five respondents with the largest number of R&D workers accounted for 38% of the total effort, whilst the top 10 respondents in terms of the number of R&D workers accounted for more than half the total R&D workforce.  There is also a high degree of concentration in all of the individual technological fields.  Only in power source technologies (TF 6), computers (TF 12), pattern recognition and speech processing (TF 18/19) and data management (TF 20) did the five respondents with the largest number of R&D workers (for the field in question) not account for at least half the total R&D workforce for that field.  Photonic components (TF 3) and internet and packaging technologies (TF 9) recorded the highest level of concentration, with the five respondents with the largest number of R&D workers in these fields accounting, respectively, for  86% and 80% of the total effort in the fields.

Table 4.3
ITEC Technological Fields: Participation and Concentration 

	Technological Field
	% 
Active in
	% of effort in Top 5
	% of effort in Top 10

	TF 1 – Silicon Microelectronics
	19
	69
	85

	TF 2 - III - V Microelectronics 
	6
	74
	95

	TF 3 – Photonic Components 
	11
	86
	96

	TF 4 – Output Devices 
	15
	65
	79

	TF 5 – Storage Technologies 
	14
	58
	74

	TF 6 – Power Source Technologies 
	11
	32
	54

	TF 7 – Sensor and Actuator Developments 
	15
	65
	81

	TF 8 – Communication Components 
	28
	49
	68

	TF 9 – Interconnect and Packaging Technologies 
	19
	80
	88

	TF 10 – Broadcast Equipment 
	13
	78
	91

	TF 11 – Communications Equipment 
	28
	64
	82

	TF 12 – Computers 
	18
	40
	56

	TF Other Equipment (Control, Test, Instrumentation)
	4
	85
	96

	(Hardware Subtotal)
	64
	44
	58

	TF 13 – Internet 
	45
	62
	74

	TF 14 – Communications Networks 
	38
	74
	82

	TF 15 – Sensor and Imaging Systems 
	18
	58
	71

	TF 16 – Computer Architecture 
	18
	74
	82

	TF 17 – Software Methods 
	31
	58
	71

	TF 18/19 - Pattern Recognition/Speech Processing
	18
	38
	59

	TF 20 – Data Management 
	42
	46
	58

	TF 21 – Middleware 
	25
	70
	82

	TF 22 – High/User Applications 
	40
	42
	58

	TF 25 – Human Factors 
	17
	74
	86

	TF 23/24 and 26 – Games, Media, Content, Graphics
	29
	53
	75

	TF 27 – Reliability 
	29
	57
	68

	TF Security and Encryption 
	1
	n.a.
	n.a.

	(Systems and Software Subtotal)
	75
	44
	55

	TF 28 Other 
	6
	n.a.
	n.a.

	Total Across All Technological Fields 
	100
	38
	51


Across ‘hardware’ as a whole, the five respondents with the greatest number of R&D workers (active in the hardware fields) accounted for 44% of the total R&D workforce in these activities; whilst the top 10 respondents accounted for 58% of the R&D workforce engaged in hardware R&D.  The proportions were very similar for software and systems, with the top five respondents by software and systems R&D employment accounting for 44% of the total R&D workforce engaged in these activities, and the top 10 accounting for 55% of the workforce.  However, beyond this, it is interesting to note that similar firms tend to dominate both hardware and software and systems.  The top five systems and software respondents also account for 18% of the total R&D employment in hardware (and the top 10 account for 24%), whilst the top five by hardware R&D employment also account for 22% of systems and software R&D employment (and the top 10 account for 34%).

It is, therefore, interesting to analyse the orientation of the largest R&D players in the various  technological fields.  This was investigated by identifying the five ‘biggest players’ (top 5) as those respondents with the largest number of R&D workers (these account for 44% of the total R&D workforce recorded), and as ‘small players’ those firms with no more than 20 R&D employees (there are 279 such enterprises amongst the respondents).

For a ready appreciation of the R&D size orientation, a simple quotient is used.  This divides the share of total R&D employment amongst the set of enterprises in question, that is by dividing the number of enterprises in a particular technological field (or set of fields) by the share of R&D workers in the same field (or fields) amongst all the respondents.  Consequently, scores of 1 indicate the set of firms has the same share of R&D workers in that field as the sample as a whole, whilst scores above 1 indicate a heavier than expected concentration (on the basis of the overall share) of R&D effort amongst that size, and scores below 1 indicate a lower than expected effort in the technological field (or fields) in question.  Table 4.4 provides the results of this analysis. 

Technological fields that had above average levels of ‘big R&D players’ were perhaps unsurprisingly concentrated in some hardware areas, where heavy investments preclude the participation of smaller firms and organisations.  This was particularly true for interconnect and packaging technologies (TF 9), photonic components (TF 3), and communications equipment (TF 11).  In systems and software, the high presence of the top five in internet (TF 13) and  communications networks (TF 14) is particularly notable.

Small R&D players in the UK were strongly represented in other parts of the hardware side, most notably in computers (TF 12) and storage technologies (TF 5).  Other technological fields where small players were also important in the UK were in output devices (TF 4), sensors and imaging systems (TF 15), pattern recognition and speech processing (TF 18/19) and data management (TF 20).

Table 4.4
Orientation by Research Size in ITEC Technological Fields 

	Technological Field
	Quotients
 for Top 5
	Quotients for 
Small Players

	TF 1 – Silicon Microelectronics
	0.66
	0.62

	TF 2 - III - V Microelectronics 
	1.15
	0.19

	TF 3 – Photonic Components 
	1.40
	0.33

	TF 4 – Output Devices 
	0.00
	1.53

	TF 5 – Storage Technologies 
	0.00
	2.42

	TF 6 – Power Source Technologies 
	n.a.
	n.a.

	TF 7 – Sensor and Actuator Developments 
	0.87
	1.00

	TF 8 – Communication Components 
	1.05
	1.31

	TF 9 – Interconnect and Packaging Technologies 
	2.06
	0.86

	TF 10 – Broadcast Equipment 
	0.64
	0.68

	TF 11 – Communications Equipment 
	1.27
	0.44

	TF 12 – Computers 
	0.00
	4.24

	TF Other Equipment (Control, Test, Instrumentation)
	0.00
	2.56

	(Hardware Subtotal)
	1.04
	0.88

	TF 13 – Internet 
	1.43
	1.04

	TF 14 – Communications Networks 
	1.74
	0.60

	TF 15 – Sensor and Imaging Systems 
	0.27
	1.82

	TF 16 – Computer Architecture 
	1.17
	1.13

	TF 17 – Software Methods 
	1.11
	1.15

	TF 18/19 - Pattern Recognition/Speech Processing
	0.12
	1.69

	TF 20 – Data Management 
	0.31
	2.63

	TF 21 – Middleware 
	1.05
	0.57

	TF 22 – High/User Applications 
	0.42
	1.36

	TF 25 – Human Factors 
	1.37
	0.68

	TF 23 / 24 and 26 – Games, Media, Content, Graphics
	0.41
	1.05

	TF 27 – Reliability 
	0.75
	0.83

	TF Security and Encryption 
	0.00
	0.00

	(Systems and Software Subtotal)
	0.98
	1.08

	TF 28 Other 
	0.00
	2.08


Notes:

The Top 5 are the five respondents with the largest total number of R&D employees (in these ITEC fields). The ‘smaller players are those with no more than 20 R&D employees.  For ready appreciation of the R&D size orientation a simple quotient is used.  This divides the share of total R&D employment amongst the set of enterprises in question that is in a particular technological field (or set of fields) by the share of R&D workers in the same field (or fields) amongst all the respondents.  Consequently, scores of 1 indicate the set of firms has the same share of R&D workers in that field as the sample as a whole, whilst scores above 1 indicate a heavier than expected concentration (on the basis of the overall share) of R&D effort amongst that size, and scores below 1 indicate a lower than expected effort in the technological field (or fields) in question.  

Those technological fields where both the top five and the smaller players score less than 1 are those in which mid-sized R&D players are particularly strong.  Such technological fields include silicon microelectronics (TF 1), broadcast equipment (TF 10) and reliability (TF 27).  

4.4
Research Applications

About 80% of the respondents provided information on the application fields.  A significant proportion, however, found it difficult to identify broad application areas as outlined in the survey material.  This particularly applied to communication equipment manufacture and service companies, where identifying final end users by sector was often impossible (see also university responses; Section 5.5.2).  One large organisation noted that, although there was a reasonably clear idea of how emerging technologies must be applied, in proportional terms 70% to 80% of their research and development work was not on applications but rather was focused on developing specific platforms and tools.  Others stated that computer and telecommunications technologies were ‘too generic’ to be identified as being applied to the particular fields identified.

Of the various application areas identified, E-Commerce and Manufacturing and Robotics  were the two most commonly identified as being an application field for responding firms and organisations (Table 4.5, column a)). Other important application areas for ITEC research and development (aside from the ‘Other’ category) were Finance, Banking and Accounting, Security, Transport and Education and Training.  The application fields which had the fewest responses were Agriculture and Advertising. 

Turning to responses weighted by R&D workforce (Table 4.5, column b)), the picture changes dramatically with Defence standing out as a key application area accounting for all effort, followed by Transport and E-Commerce with much lower shares of 8% and 7% respectively.  This shift is accounted for by the size of Qinetiq
 R&D included here.  Qinetiq, formally known as DERA, recorded some 12,000 employees in 2000, with a high proportion employed in R&D
.

When the participation of the respondents is weighted by their ITEC R&D workforce, it can be seen that more than a third of the respondents were unable to allocate their R&D efforts to application fields (see the Unassigned row, Table 4.5).  As this is a larger share than the un-weighted sample, this shows that it tended to be larger firms that were unable to allocate their R&D efforts to application fields.  This is understandable for two reasons.  First, the communications sector (which develops universally applied technologies) tends to be dominated by large firms and organisations, but secondly smaller firms tend to work closer to market, and therefore find it easier to identify application fields.  

Table 4.5
  Research Commitment by Application Field 

	Application Fields
	a)

% of Respondents 
Engaged in*
	b)

Allocation of Applications Effort weighted by total ITEC R&D Workforce


	c) Concentration of Effort within Top 5 for Each Application Field



	E-Commerce
	40%
	7%
	54%

	E-Science
	10%
	1%
	82%

	Finance, Banking and Accounting
	24%
	5%
	58%

	Security
	23%
	2%
	67%

	Television
	10%
	3%
	86%

	Digital Media Production and Post Production
	15%
	2%
	65%

	Healthcare
	18%
	2%
	73%

	Transport
	22%
	8%
	82%

	Defence
	21%
	16%
	92%

	Education and Training 
	21%
	5%
	87%

	Manufacturing and Robotics 
	37%
	5%
	32%

	Leisure Products and Services
	13%
	3%
	73%

	Agriculture
	2%
	<1%
	95%

	Advertising
	7%
	<1%
	86%

	Other
	32%
	10%
	n.a.

	Unassigned
	n.a.
	37%
	n.a.

	Total
	
	100%


	


Notes:

*
Amongst the 366 respondents (including Qinetiq/DERA) providing these data.
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The companies and organisations were also analysed according the R&D size of the respondent (Table 4.6).  The application areas associated with larger R&D players were in Defence, Transport, Healthcare and Education and Training.  Small R&D players were associated with Manufacturing and Robotics, Digital Media and Healthcare applications.  Medium sized R&D players seem to have a greater prominence in E-Science, Television and Leisure Products and Services.

4.5
Conclusions

The study highlights the communications and systems and software strength of UK ITEC research and development, confirming more general studies outlined in Section 2.  In particular the strength of the communications equipment and networks fields stand out, followed by the internet and high level/user applications.  

In relation to application areas for ITEC research and development, in terms of ‘R&D spread’ E-Commerce, Manufacturing and Robotics and Finance, Banking and Accounting recorded high levels of participation by respondent firms and organisations.  In terms of application areas weighted  R&D effort (‘R&D depth’) Defence, followed by Transport and E-Commerce were the most important areas.   The analysis also reveals the continuing significance of large R&D players in the ITEC field.  However, care must be taken in not over-stressing this finding as the survey is likely to have under-reported small firms R&D and those technological fields where small players are strong.

Table 4.6
  Research Commitment in Application Field by Large and Small Players

	Application Fields
	Quotients

for Top 5
	Quotients for 
Small Players



	E-Commerce
	0.66
	1.45

	E-Science
	0.58
	1.10

	Finance, Banking and Accounting
	0.45
	0.79

	Security
	1.00
	1.05

	Television
	0.15
	0.77

	Digital Media Production and Post Production
	0.26
	1.98

	Healthcare
	1.55
	1.77

	Transport
	1.68
	0.89

	Defence
	1.93
	0.20

	Education and Training 
	1.65
	0.59

	Manufacturing and Robotics 
	0.16
	2.18

	Leisure Products and Services
	0.16
	0.71

	Agriculture
	n.a.
	n.a.

	Advertising
	n.a.
	n.a.

	Other
	0.09
	1.64


Notes:

*
Amongst the 366 respondents (including Qinetiq/DERA) providing these data.
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5.
The UK as a Base for ITEC Research

5.1 Introduction

All firms interviewed felt that the UK still retained key strengths in basic R&D capability covering the ITEC technological fields.  One major multinational company still saw strong basic R&D capabilities in its core technologies being located in the UK, but the key development of such technologies, after the basic scientific research, would be done outside the UK and that first manufacture of the products arising from this whole process would also be undertaken elsewhere.  Overall, key UK research and development strengths identified were:

· Quality of R&D workforce 

· Creativity and work ethic

· Demanding/deregulated market

· Quality of basic research system and university research

· Global perspective and contacts

These aspects of the UK’s R&D strengths in ITEC will be explored in more detail below.  

5.2 Advantages of the UK and Perceived Strengths

5.2.1
Research Strengths

The relative merits of the UK as a place to do R&D is reflected in Table 5.1 where firms indicated what factors they saw as being important in terms of R&D location (these are ranked in order of importance in Table 5.1) and where they see the UK in terms of its relative strengths and weaknesses.  The most highly rated factor (77%) is the quality of R&D staff and this is also where the UK rates very highly, with 73% of the respondents seeing this as a UK strength, whilst a much smaller proportion (12%) saw it as a UK weakness.  However, the next most important location criteria is the quantity of R&D workers and this is where the UK scores much less favourably, with 45% of respondents seeing it as a UK weakness and only 23% seeing it as a UK strength. 

Other factors seen as a relative strength in the UK are the technological expectations of UK based customers, the quality of technological activities undertaken, and the quality of the science base (Table 5.1).

Table 5.1
Relative Merits of the UK as a Place to Undertake Research

	Location Factor


	% citing as Important or Very Important
	UK’s Relative Position
	% identifying this as a UK 
Strength
	% identifying this as a UK Weakness 

	Quality of R&D Workers in Your Field


	77


	Quality of the UK's R&D Workers


	73


	12

	Quantity of R&D Workers in Your Field


	57


	Quantity of the UK's R&D Workers


	23


	45

	Quality of Technical, Non R&D Workers


	51


	Quality of the UK's Technical, Non R&D Workers


	33


	20

	Significance of Total Sales to the Customer Base
	48


	Significance of the UK Market to Total Sales
	35


	41

	Quality (i.e., Demanding Nature) of the Customers


	44


	Technological Expectations of UK Based Customers


	44


	20

	Quality of Applied Science/Engineering/Design Undertaken by Universities
	41


	Quality of Applied Science/Engineering/Design done by UK Universities
	25


	31



	Tax Regime for Encouraging the Conduct of R&D
	39


	UK's Tax Regime for Encouraging R&D
	10


	62

	Quantity of Technical, Non R&D Workers
	34


	Quantity of Technical, Non-R&D Workers Available
	15


	36

	Willingness of Universities to Work with Industry


	33


	Willingness of UK Universities to Work with Industry


	32


	28

	Quality of Basic Science Undertaken by Universities


	30


	Quality of Basic Science Undertaken in UK Universities


	37


	27

	Quality of Science/Engineering/Design Undertaken by Government Labs and Non-Profit Research Institutions


	28


	Quality of the Science/Engineering/Design done by UK Government Labs and Non-Profit Research Institutions


	29


	28

	Quality of Technological Activities Undertaken by Other Companies at or Near the Location


	21


	Quality of Technological Activities Undertaken by Other Companies in this Field in the UK


	41


	24


5.2.2
Barriers to ITEC Research in the UK

It is impossible to discuss the research and development strengths and how these may be further developed without considering barriers to R&D and the overall weaknesses in the R&D system.  Companies were invited both in the questionnaire and interview surveys to identify what they see as the key barriers and weaknesses to undertaking ITEC R&D in the UK.    

The biggest disadvantage to undertaking ITEC R&D appears to be the lack of skilled research workers and graduates (Table 5.2).  This echoes the concerns highlighted by the Information, Communications and Media (ICM) Panel of the Foresight Programme which noted the urgent shortage of people for highly-skilled ITEC jobs (Foresight 2000, 10).  A major foreign-owned multinational corporation interviewed noted there appeared not to be specific shortages in certain technological fields, but rather a more endemic shortage of ‘good people’ and this reflected the poor state of mathematics, computing and engineering knowledge amongst the UK workforce.

Companies with ITEC R&D operations in the UK have sought to overcome these shortages via two mechanisms; either by recruiting staff from overseas; and/or establishing research centres where skilled labour is more readily available.  One major North American company with R&D operations in the UK had sought to recruit research engineers from Turkey, Australia and France, but had been hampered by UK immigration controls.  Another, smaller ITEC company, however, had no problems in fast-tracking people with scarce IT skills from Russia.  The second strategy implies expanding overseas.  Marconi has recently announced the establishment of a £50 million R&D facility in India.  BT has a long established research and software design centre in India which is operated as a joint venture and employs 500 staff.  The FI Group has recently acquired an Indian company with software research facilities in India, whilst Ubinetics, a fast growing telecommunications company has set up a small centre in Bangalore.

Overall, there is little doubt that the UK R&D sector in ITEC (and other activities) would be larger were the higher education system able to deliver more highly and appropriately trained scientists and engineers.

Table 5.2
Key Barriers to Growth in ITEC R&D 

	1. Skill shortages/lack of high quality graduates/postgraduates/R&D workers 

2. Lack of funding support 

3. Financial constraints and scale of investment in R&D  

4. Quality of applied science

5. Poor general IT skill levels

6. Stock market short-termism restricting ability to invest in medium/long term

7. General availability of staff/shortage of staff 

8. Lack of investment for companies who do not fit high technology SME criteria and profile

 


5.3
The Research Infrastructure: The Role of Universities 

5.3.1
Outline

There are two major roles which universities and higher education colleges play in ITEC R&D.  Firstly, as a source for specialist R&D covering the ITEC fields; and secondly, as a source for human capital for the wider R&D system covering industry, academia and the public sector.  This section will seek to examine the following issues in relation to the higher education sector and its research and development activity:

i) identify those universities and departments active in the broad field of ITECs;

ii) more specifically, within key, research active departments analyse their research strengths across the identified ITEC technological fields;

iii) outline broad patterns of ITEC R&D interaction and support between universities and industry; and 

iv) the level of training and education provided by Higher Education Institutions in the ITEC sector.  

5.3.2
Overall ITEC Research Capacity of Universities

In terms of the overall level and pattern of university ITEC research expertise across the UK, the most recent and reliable data remains that collected for the 1996 Research Assessment Exercise (RAE), undertaken by the Higher Education Funding Council for England (HEFCE), the Higher Education Funding Council for Wales (HEFCW) and the Scottish Higher Education Funding Council (SHEFC).  The RAE identified two core research areas for assessment relating to ITEC sectors, namely ‘Computer Science’ and ‘Electrical and Electronic Engineering’ with a total of 1,530.5 (Table A4.1) and 1,203.5 (Table A4.2) research active staff respectively in these fields.  A third field identified by the RAE is Physics which recorded some 1,516.5 research active (Table A4.3), although only a proportion of staff will be involved in ITEC research activities.  If half of all Physics staff are estimated to be involved in ITEC research (which is likely to be a considerable over-estimate) some 3,500 university research-active staff are likely to be involved in ITEC R&D activity in the year 2000.  If we divide this figure by two (as most research active staff have heavy teaching and administrative duties) so that their FTE weighting is 0.5, this produces a figure of 1,750.  However, the RAE does not count all research staff and up to 34%
 of research staff may not be included.  If this is correct (and using the initial 3,500 non-equivalent figure for the 34% additional calculation) a further 1,803 research staff should be added to the adjusted research active total, bringing the overall total to some 3,550 researchers working in ITEC in the higher education sector (Section 4.2). This is likely to be a generous estimate, even with the growth in some of the funding areas (however, see below) between 1996 and 2000
.

Using Higher Education Statistics Agency (HESA) data shows that funding levels for three core ITEC-related areas
, a) Electrical, Electronic and Computer Engineering, b) IT and Systems Sciences, and c) Computer Software Engineering (a new field which was created in 1998-9), have increased at current prices over the period 1994-1995 to 1999-2000 (Figure 5.1; Table A4.4)). However, the funding pattern in real terms (Figure 5.2) actually shows a picture of stagnation, with the 1999-2000 figure only marginally above the 1994-1995 level (Table A4.5). It should also be noted that the three funding streams that make up the combined total show different trends and these are discussed in more detail in Section 5.3.4.  Underlying funding for these research activities comes from a variety of sources, including industrial funding (Section 5.3.4), but also central government monies through the national Higher Education Funding Councils, the Office of Science and Technology and the Research Councils (most notably here EPSRC (Appendix 5) and PPARC (Appendix 6)) and the European Commission (Table A4.9).

 5.3.3
University ITEC Research Activity

As noted in Sections 3.2 and 3.3, the study also undertook an email-based survey of university departments which were seen to be active in ITEC relevant research areas, namely Computer Science, Electronic and Electrical Engineering and Physics departments.  Those from 5*, 5 and 4 rated departments under the 1996 RAE were selected for survey as these were the dominant research departments in these three fields.  In relation to Computer Science, some 37 university departments were rated 4 or above, amounting to some 43% of computer science university departments in the UK and containing some 825 research active staff (56%) of total research active staff in computer science departments (Tables A4.1 ). The pattern of highly rated research was distributed similarly for electrical and electronic engineering departments where some 26 (31.3%) rated 4 or above in the 1996 RAE out of a total of 63, and these departments accounted for just under 60% (696) of all research active staff within this category (Tables A4.2).  A higher concentration of research staff was evident in physics where 87% of all research active staff being located in departments rated 4 or above (Table A4.3).

Figure 5.1
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Notes:

The figure shows the level of industrial funding across the whole university sector and the proportion of total funding for university research which comes from industry in the ITEC areas identified and over the period, 1994/1995 to 1999/2000.  The left hand scale of the graph shows the total industrial funding in thousands of pounds for the all ITEC-related research fields.  The right hand scale shows the proportion of total funding for university research that comes from industry.

Source: PREST based on HESA HOLIS Database

Figure 5.2
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The figure shows the level of industrial funding across the whole university sector and the proportion of total funding for university research which comes from industry in the ITEC areas identified and over the period, 1994/1995 to 1999/2000.  The left hand scale of the graph shows the total industrial funding in thousands of pounds for the all ITEC-related research fields.  The right hand scale shows the proportion of total funding for university research that comes from industry.

Source: PREST based on HESA HOLIS Database

In relation to the survey, a total of 97 university departments were contacted and just under half (46.6%) responded with some 30 (30.9%) completing the questionnaire (Table A3.4).  A high proportion of 5* rated departments responded to the survey.  The university departments were asked to indicate the research monies from all sources they received under each of the ITEC technological fields already identified for the year 2000.  They were also asked how relevant the research that was being funded was to certain application areas.  However, in this latter context, though, final application areas were often difficult to identify for academic researchers, especially for more basic or more widely applicable pieces of research.

In relation to ITEC hardware fields, the most significant research and development areas in terms of funding were in communications equipment, sensor and actuator developments and communication components, followed by silicon microelectronics, photonic components and III-V microelectronics (Figure 5.3; see Table A4.6 for details).  By contrast, broadcast equipment, power source technologies, interconnect and packaging technologies and output devices appeared to receive little substantial research and development funding. 

Turning to the systems and software ITEC technological fields, the most important research and development areas were reliability, sensor and imaging systems and pattern and behaviour recognition software (Figure 5.4; Table A4.7).  Software methods, computer architecture and communications networks also received significant funding. 

In relation to application areas (Figure 5.5; Table A4.8), healthcare, e-science and education and training scored highly in terms of where academics thought their research was relevant or very relevant.  The fields of advertising, agriculture and leisure products and services were seen as having much less relevance to such university–based research.  

Figure 5.3
University Departmental Research Income: ITEC Hardware Fields, 2000
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Figure 5.4
University Departmental Research Income: ITEC Systems and Software Fields, 2000
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Figure 5.5
ITEC Application Areas of University Research
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5.3.4
Industry-Academic ITEC Links 

An important indication of the overall health and strength of the science base relating to the ITEC fields being discussed and its inter-linkage with industry can be seen in terms of industry funding of universities research in ITEC.  As noted earlier, HESA identifies three main ‘cost centres’ covering the main ITEC fields, namely: a) Electrical, Electronic and Computing Engineering, b) IT and Systems Sciences and c) Computer Software Engineering.  For HESA purposes ‘industry’ funding covers “all research grants and contract income from industrial and commercial companies and public corporations (defined as publicly owned trading bodies, usually statutory corporations, with substantial degree of financial independence) operating in the UK.” 
 

Over the period, 1994-1995 to 1999-2000 industry research funding for these combined research fields grew at current prices from £106 million in 1994-1995 to just under £122 million in 1999-2000, with a significant rise in funding from 1997-1998 (Figure 5.1; Appendix A4.4).  In real terms industry funding for the combined sectors increased by just under 73% (Table A4.5).  Given overall static funding conditions noted in Section 5.3.2, industry funding became proportionally much more significant as a funder of university ITEC research activity (thus industry funding as a proportion of all funding grew from 10.50% in 1994-1995 to 18.02% in 1999-2000).

Not too much will made of different funding levels between the three research fields, because much of the disruption in funding patterns is due to the emergence of a new Cost Centre field, Computer Software Engineering (Figure 5.8), which led to a commensurate drop in IT & Systems Sciences (Figure 5.7) (and probably a slight fall in Electrical, Electronic and Computer Engineering income as well; Figure 5.6).  Thus, industry research income for Electrical Electronic and Computer Engineering, more than doubled (103%) for the period 1994-5 to 1997-8, although it fell back somewhat for 1998-9 before recording some £15.3 million industry research support out of a total of £82 million for 2000 (a share of 18.6%; Figure 5.6), still somewhat lower than the 1997-1998 figure (due no doubt to some monies being reallocated under Computer Software Engineering).  Computer Software Engineering (Figure 5.8) had the highest ratio of industry funding support in 1999/2000 with 19.52%, followed closely by Electrical, Electronic and Computer Engineering with 18.61% (Figure 5.6), and a much lower ratio for IT & Systems Sciences (Figure 5.7) at  11.83% (see also Table A4.4).  

Figure 5.6
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Notes:

The figure shows the level of industrial funding across the whole university sector and the proportion of total funding for university research which comes from industry identified over the period, 1994/1995 to 1999/2000.  The left hand scale of the graph shows the total industrial funding in thousands of pounds for the research field.  The right hand scale shows the proportion of total funding for university research that comes from industry.

Source: PREST based on HESA HOLIS Database

Figure 5.7
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Notes: 

The figure shows the level of industrial funding across the whole university sector and the proportion of total funding for university research which comes from industry over the period, 1994/1995 to 1999/2000.  The left hand scale of the graph shows the total industrial funding in thousands of pounds for the research field.  The right hand scale shows the proportion of total funding for university research that comes from industry.

Source: PREST based on HESA HOLIS Database

Figure 5.8
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The figure shows the level of industrial funding across the whole university sector and the proportion of total funding for university research which comes from industry over the period, 1994/1995 to 1999/2000.  The left hand scale of the graph shows the total industrial funding in thousands of pounds for the research field.  The right hand scale shows the proportion of total funding for university research that comes from industry.

Source: PREST based on HESA HOLIS Database

5.3.5
University ITEC Education and Training 


An important role for universities is not just in terms of their research provision, but also in their education and training of people in association with the Research Councils, most notably here the Engineering and Physics Research Council (EPSRC; Appendix 5).  Using data from HESA, the number of postgraduate students in its definition of ITEC rose by 22% over the four-year period of 1994/95 to 1998-99 from 18 thousand to 22 thousand (Table 5.3).  However, despite industry concerns about the lack of trained staff in research and product development, the number of students with tuition fees primarily paid by industry has nearly halved over the same period.   

In part this may reflect a more fundamental switch to supporting undergraduate courses.  Thus Marconi is developing a three year B.Eng. course with the University of Warwick where the students will be full time employees of Marconi and spend 75% of their three years within the company.  However, postgraduate programmes run for specific companies do exist, such as BT’s MSc course on telecommunications engineering based at University College London (UCL) strengthened by the co-location of UCL researchers at BT’s Adastral Park, Martlesham. Similarly, Filtronic fund PhD students and run an in-house MSc taught by staff at Filtronic and from Leeds University.  All the work for the Masters is done inside the company.  Filtronic also run an undergraduate course at Leeds called ‘Analysis and Business in Communications IT’.

The creation of specialised, bespoke courses for individual companies by universities is a reflection of other systemic changes in the nature of education and training provision covering ITEC personnel.  Staff are being recruited from a much wider variety of entry routes associated with the emergence of lifelong learning and re-skilling by existing workers.  More fundamentally companies have begun running their own training and postgraduate courses.  This development has emerged from the United States, where over 40% of US companies in the Fortune 500 list host a corporate university (Kenney-Wallace 2000, 76).  Thus, for example, Motorola University has existed for some time, and there are other corporate universities run by large ICT companies, including AT&T Learning Center, Dell University and Microsoft University which offer excellent and well-funded training and education schemes in vocational areas associated with technical and engineering skills.  This said, there are many others which have very little in common with a traditional university.

Table 5.3  Number of Postgraduate Students Registered in the UK in the Field of ITEC

	
	1994-95
	1995-96
	1996-97
	1997-98
	1998-99



	a) Total postgraduate students


	18,097
	18,846
	19,501
	20,725
	22,085

	b) UK industry funded students


	882
	712
	539
	444
	492

	c) b) as a % of a)


	5.4
	4.3
	3.2
	2.5
	2.5




Source: PREST based on HESA statistics

In the UK the most visible corporate university is BAe Systems’ ‘Virtual University’ together with Unipart’s ‘U’; although other companies such as BT and Marconi are considering setting up similar ventures. Some view these institutions as marking a fundamental shift in training and education.  Kenney-Wallace (2000, 61) notes “Traditional universities are no longer the dominant players in the creation and communication of knowledge, especially in cyberspace.  Just-in-case education has moved to just-in-time and just-for-you, as self-managed computer-based learning plays an increasing and natural role for individuals and families.”   Some have gone further and see the rise of corporate universities as a further sign of the eventual demise of the traditional, independent and public university concept.  Nonetheless such corporate universities, even from overseas, undoubtedly have some effect on reducing the demand for courses and degrees run by UK universities.  Many Motorola employees in Britain, for example, spend time on courses run by Motorola University in Schaumburg, Illinois.   The ICM Panel of the Foresight Programme noted a further barrier to the supply of suitably qualified ITEC manpower as being the difficulties of attracting and retaining qualified teaching and research staff in subjects related to ITEC.  This could in part be eased by improving incentives for recruitment (Foresight 2000, 10).

5.4
Conclusions

Companies, organisations and universities all had views on how the science base and university infrastructure could be improved.  The chronic shortage of IT workers was, not unexpectedly, highlighted by virtually all firms.  The quality of UK ITEC research and development was highly rated and undoubtedly many respondents still felt that world-class research was being undertaken in British universities.  However, one leading academic felt that part of the problem was that this excellence was highly dispersed amongst university departments and that as a result the UK lacked critical mass in almost all areas of research.  He stated:  “there is a problem of scale and scatter”.  UK universities, therefore, simply do not have the capacity to deal with the increasingly complex, systemic and large-scale research projects that industry seeks help with from universities.  Instead most university departments were only capable of dealing with ‘penny packet’ bits of research that could be undertaken by a single researcher working on his or her own, or by a small research team.

The ITEC situation in UK universities was contrasted with the United States, and in particular such institutions as the MIT Media Lab which on its own received more research monies from industry than the whole of ITEC activities within the entire the UK university system.  Increasingly UK universities are being side-lined to minor research tasks and this is reflected in the overall static funding levels in real terms for ITEC research fields.
  

There are a number of schemes to create virtual centres of excellence by EPSRC and the Mobile Communications virtual centre of excellence involving 25 industrial members and seven universities has been widely acclaimed by survey respondents.  However, overall survey firms felt that there should be fewer, but much larger university departments working in ITEC research, perhaps specialising and becoming centres of excellence in their own right.  This view was not, however, unanimous.

6.
ITEC R&D: Review and Synthesis

The UK has a large ITEC sector in comparison to other countries at a similar state of development, but this includes especially an unusually large service component.  Another striking feature of the UK’s ITEC sector is its apparently low absolute and relative R&D spend relative to other countries.  In part, this may reflect the high degree of orientation in the UK ITEC sector towards services which until recently have recorded low levels of (formal) R&D activity.  It may also reflect that there are fewer fiscal incentives to undertake (and record) R&D in the UK.  This noted, the UK has only a small number of companies that are very R&D intensive.  In the main these tend to be smaller companies (such as ARM, TTP Communications and Ubinetics) rather than larger companies, although there are one or two large company exceptions (for example, Marconi).

It would appear that there is no inherent barrier to undertaking R&D intensive activities in the UK (the UK pharmaceuticals sector is also successful and R&D intensive).  The main question is why are there relatively few companies in the UK that undertake R&D, particularly at a high level of intensity.  A key reason is likely to be the availability of R&D personnel.  Most of the firms interviewed and surveyed stressed the importance of having highly qualified R&D personnel; they also noted the general lack of availability of such personnel. 

The firm and organisation level survey identified the UK is particularly strong in communications R&D, in both hardware and network management software aspects (Section 4.3).  The UK also has a strong presence in Internet, user applications software, middleware and photonic components.  This emphasis on communications technology is also mirrored by university research activity (Section 5.3.3) and by funding flows via the EPSRC (Appendix 5) and the European Commission (Appendix 4) (see Table 6.1)

In relation to application areas for ITEC R&D (Section 4.4) and in terms more specifically of ‘R&D spread’, E-Commerce, Manufacturing and Robotics and Finance, Banking and Accounting recorded high levels of participation by respondent firms and organisations.  In terms of ‘R&D depth’ (where responses were weighted by R&D effort) Defence, followed by Transport and E-Commerce were the most important areas.  These three areas accounted for just under a third of weighted research and development effort in all the application fields.

Table 6.1
Comparison of ITEC Research Commitment in the UK, 2000: Rankings 

	Top 5 
	Survey: 

R&D Activity -

Firms & Organisations


	Survey:

R&D Activity -

Universities 
	EPSRC: 

Funding Flows
	EC:

Funding Flows

	1.
	Communications equipment
	Communications equipment
	Silicon microelectronics
	Communication networks

	2.
	Communication networks
	Reliability
	Communication networks
	Software methods

	3.
	Internet
	Sensor & actuator

developments
	Communications equipment
	Pattern & behavioural recognition

	4.
	High Level/User applications
	Communication components
	Software methods
	Photonic components

	5.
	Photonic components
	Sensor & imaging systems
	III-V microelectronics
	Sensor & imaging systems/

Broadcast equipment


Source: compiled from Tables 4.2; A4.7; A4.8; A5.3; A4.9

In terms of the wider research base, aside from the availability of skilled personnel, the issue concerns the ability of the higher education infrastructure to provide R&D capacity on a sufficient scale to meet the requirements of industry was identified as a significant problem.  As such, arguably the main problem the UK faces is not the scale of effort in any of the particular technological fields identified in this study, but rather the scale of effort across the sector as a whole and by both firms and universities.  However this is particularly true within university departments, where although there are people of world class status in many if not all of the technological fields, these are few in number. 

A final problem for the UK, which is also true of sectors other than ITEC, is the effective utilisation of technologies developed the world over.  Basic research is worldwide; arguably what matters for commercial success is not the holding of a competitive advantage in the production of basic research in any particular technological field, but rather the ability to translate technological developments undertaken the world over into products and services that are commercially marketable.  In the past the UK’s ITEC R&D activity has been too focused on technologies rather than on commercial applications, partly because of its former over-reliance on the defence industry for funding. 
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Appendix 1: Definition of Research and Development

Definition

The definition of Research and Development used in the study has been that developed and agreed by OECD (1994, 7) member states, namely as:

“comprising creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock if knowledge to devise new applications.”   

More specifically R&D activity is divided into three activities: basic research, applied research and experimental development.  As such (OECD 1994, 7):

“Basic research is experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundations of phenomena and observable facts, without any particular application or use in view.”

“Applied research is also original investigation in order to a acquire new knowledge.  It is, however, directed primarily towards a specific practical aim or objective.”

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

Services and Software

Given the strength of the UK in ITEC services the study sought to stress the role of R&D in services and design activity.  In this respect, software is a key element here and the OECD (1994, 12) have noted:

“For a software development project to be classified as R&D, its completion must be dependent on the development of a scientific and/or technological advance, and the aim of the project must be resolution of a scientific and/or technological uncertainty on a systematic basis.  In addition to software which is part of an overall R&D project, research and development associated with software as an end-product should also be classified as R&D….  (Software may also be) “an integral part of many projects which of themselves have no elements of R&D.  The software development component of such projects, however, may be classified as R&D if an advance occurs in the areas of computer software.  Advances in software are normally incremental rather than evolutionary.  Therefore, an upgrade, addition or change to an existing programme or system may be classified as R&D if it embodies scientific and/or technological advances which result in an increase in the stock of knowledge.  Use of software for a new application or purpose, however, does not by itself constitute an advance.”             


Design 

Design work can also include an R&D component, as the OECD (1994, 14) note: 

“There are… some elements of design work which should be included as R&D. These include plans and drawings aimed at defining procedures, technical specifications and operational features necessary to the conception, development and manufacturing of new products and processes.” 

Such a definition however is still largely manufacturing-centric and ignores the increasing importance of innovative design components in services related to ITEC.

Appendix 2: Definition of Sector Coverage and Classification

Central to the growth of information and communication technologies has been the development and adoption of applications which have brought together informatics and telecommunications and which has led increasingly blurring between different sectors and technologies.  This blurring is problematic though in that it makes clear definitions and categorisations of what is in the information and communication technology sector extremely difficult.  The broad classification and sector coverage adopted by the study was that outlined by the IAP Working Party and is listed in Table A1. 

Various studies have sought to categorise IT sectors (see, for example, Miles 1990) and on e study for the European Commission sought to classify ITEC sectors into four main categories (Smith System Engineers/ISIS/PREST 1997), which include:

Enabling and Component Technologies: includes Integrated Circuits, microelectronics, optronics and cables;

Core IT Systems: covers general purpose systems, such as computers, digital and other advanced communication networks;

Major IT Intensive Applications: examples of his category include office automation software and advanced manufacturing processes.

Embedded Systems: these are systems, such as electronic data exchange equipment that must be integrated into larger systems (either IT systems or other systems) in order to be exploited.  Only research into the IT component should be included, not research into the whole system.  Automotive electronics is an important sector in this category.

On the basis of this categorisation an indicative list has been compiled:

Enabling and Component Technologies

· integrated circuits (including Si, GaAs and optical chips)

· microwave devices

· quantum devices

· ASICs

· switches

· energy sources

· transmission media (cables and fibres)

· operating systems   

Table A2.1: ITEC Technological Fields – Hardware

	ITEC Technological Field

	1. Silicon microelectronics

(incl. processing; design)

	2. III-V Microelectronics

(incl. processing; design)

	3. Photonic components

(incl. lasers and amplifiers; MUXs & switches; fibre; lasers & LEDs; detectors & images)

	4. Output devices

(incl. displays; audio; printers)

	5. Storage technologies

(incl. magnetic disc; tape; optical)

	6. Power source technologies

(incl. batteries; photovoltaics)

	7. Sensor and actuator 

developments

(incl. biosensors; piezoelectric; magnetic)

	8. Communication components

(incl. amplifiers; filters) 

	9. Interconnect and packaging technologies

	10. Broadcast equipment

(incl. professional broadcast equipment; digital TV; set-top boxes)

	11. Communications equipment

(incl. Handsets; base stations; antennae; Optical communications equipment; switchers & routers; fixed and mobile communications equipment)

	12. Computers

(incl. PCs; palmtops; games consoles)


Table A2.1(Continued): ITEC Technological Fields – Systems and Software

	ITEC Technological Field

	13. Systems & software: internet

	14. Systems & software: communication networks

(incl. network architecture; network management; billing; encryption) 

	15. Systems & software: sensor & imaging systems 

(incl. radar; sonar; medical & other imaging systems)

	16. Systems & software: computer architecture

(incl. parallel &distributed systems; neural networks)

	17. Systems & software: software methods

(incl. AI; software automation; expert systems; agents)

	18. Systems & software: pattern & behavioural recognition

(incl. video; OCR; image processing; security systems; agents)


	19. Systems & software: speech processing

(incl. speech recognition; speech synthesis)

	20. Systems & software: data management

(incl. search engines; databases; data mining)

	21. Systems & software: middleware

(incl. Java Virtual machines)

	22. Systems & software: high/user level applications

(incl. DVD authoring tools; accounting software; CAD software)

	23. Systems & software: games & toys

	24. Systems & software: digital media & content generation

	25. Systems & software: human factors 

	26. Systems & software: graphics & animation

(incl. data visualisation)

	27. Systems & software: reliability

(incl. formal methods)


Core IT Systems

· computers

· clients

· servers

· telecommunication systems (focusing on digital systems, LAN, WAN. ISDN, broadband and mobile)

· satellites

· broadcasting systems

· multimedia

· applications development software

· software engineering systems and frameworks

· applications software

Major IT Intensive Applications

· manufacturing automation (including robotics, process control, CAE and CIM)

· office automation

· industry specific applications software (such as CAD and DTP) 

· simulation and modelling

· system and network management systems

· service platforms (such as Internet and EDI)

Embedded Systems

· processor and communications systems embedded in any device, adding functionality whilst typically only a small element of the price

· software for embedded systems

· standards for interconnection (such as CeBus)

The above list sets out a classification according to research or technological fields however there are an increasing number of areas which are more ‘horizontal’ or generic in nature.  Thus the Esprit programme recognised a range of important generic activities:

· integrated circuit design

· nanofabrication

· databases and information retrieval

· algorithms

· formal methods

· human-computer interaction

· neural networks

· uncertainty and fuzzy logic

· symbolic computing

· training

Table A2.2  Information and Communication Technologies - Industrial Classifications 

	ISIC Rev 3
	SIC 1992
	Description



	
	
	Manufacturing



	3000
	30.00
	Manufacture of office, accounting and computing machinery   

	3130
	31.30
	Manufacture of insulated wire and cable 

	3210
	32.10
	Manufacture of electronic valves and tubes and other electronic components

	3220
	32.20
	Manufacture of television and radio transmitters and apparatus for line telephony and line telegraphy

	3230
	32.30
	Manufacture of television and radio receivers, sound or video recording or reproducing apparatus, and associated goods

	3312
	33.20
	Manufacture of instruments and appliances for measuring, checking, testing, navigating and other purposes, except industrial process control equipment

	3313
	33.30
	Manufacture of industrial process control equipment



	
	
	Services



	5150
	51.60
	Wholesale of machinery, equipment and supplies*

	7123
	71.33
	Renting of office machinery and equipment (including computers)

	6420
	64.20
	Telecommunications

	7200
	72.00
	Computer and related activities

	
	
	


Notes:

*  Where possible the OECD asked member countries to only include the wholesaling of ICT goods listed in the manufacturing section above

Source: complied from OECD (2000, 7) and Tether et al. (2000)

Appendix 3: Questionnaire Survey - Background Information 

a)  Survey Framework
1) Compilation of ITEC ‘Population’ List

A considerable amount of time was spent establishing a ‘population’ list of all firms and organisations involved in undertaking significant amounts of R&D activity within the relevant ITEC fields.  This in turn involved a number of sub-components: a) developing lists of all large and medium sized UK and foreign owned companies undertaking R&D activity in Britain covering the selected fields; b) a schedule of all UK Higher Education Institution (HEI) departments and other public research institutes which are involved in the listed fields; and c) compilation of a list of new and small firms making a significant contribution to R&D and/or innovation in the relevant sectors.  A variety of data sources were used, including The DTI R&D Scoreboard, OneSource, Bowker-Saur’s European R&D Database and other academic (such as Chang 2001 for IC companies in the UK) and published sources.  A final, but important, phase of this work was the verification, ‘cleaning’ and final compilation of the total ‘population’ list. 

2) Questionnaire Design

This formed an important phase in the study, not only in terms of developing a short questionnaire with appropriate indicators and asking relevant questions, but also in order to achieve a high response rate and a standardised format.

3) Survey Work

The survey was based on following main phases of work:

a) Pilot Survey: Testing the robustness and validity of the questionnaire.  On the basis of the feedback, the questionnaire was redesigned and where appropriate the survey framework adjusted.

b) Main Survey: This involved the postal questionnaire survey of all companies (and a small number of key research organisations involved in the field) across all ITEC sectors undertaking significant amounts of R&D.  A separate email based survey of university departments involved in ITEC related subjects also formed part of the study.

c) Non-Response, Follow-Up Work and Data Checking: This phase of the survey started in parallel with the main survey and was associated with sending another copy of the questionnaire, followed by a request by post and telephone calls to provide data for three core questions.   Additional checks and verification on the quality of the responses was made by telephone.  The overall response rate for the company survey is indicated in Table A3.1, Table A3.2 provides a more detailed breakdown of survey respondents, whilst Table A3.3 indicates response rates for IAP member organisations and Table A3.4 response rates under the university survey.  See section b) below for more detailed review of the survey response profile.

d) Interview Survey: The interview survey of selected firms, university departments and other relevant organisations in the technological fields to gain more qualitative information on strengths and trends in the sector.


e) Data Cleaning and Statistical Analysis:  This stage involved the final collation and cleaning of the data, followed by the main statistical analysis of the data for descriptive and analytical purposes. 

f) Statistical Analysis and Synthesis: This last stage of the survey was the final synthesis and analysis of all the data collected in the survey.  The identification of key areas of research and development strength in the UK have been outlined for policy advice. 

b) Survey Sample and Response Profile

This list of companies targeted comprised 2,009 firms.  This list was constructed from the following sources – in the following order:

1.
The Information Age Partnership (IAP) Members 

2.
Non IAP members amongst the firms listed on The R&D Scoreboard (1999/2000) in Information Technology Hardware, Electronics and Electrical, Media and Photography, Software and IT Services, Support Services and Telecommunications (plus some from Aerospace and Defence, Engineering and Machinery, Household Goods, Leisure and Hotels)

3.
R&D units of foreign owned ITEC companies – list from DTI (and not included amongst 1 or 2 above)

4.
Companies listed on the London Stock Exchange engaged in: electronic and electrical equipment, IT hardware; software and computing services; telecommunications (and not included amongst 1, 2 or 3 above).

5.
Recent SMART Award winning firms – identified as developing ITEC products or services (and not included amongst 1 to 4 above).

6.
Ad hoc suggestions of Peter Batchelor, Bryan Wilson, Jeremy Howells and Bruce Tether (companies thought to be undertaking ITEC R&D but not identified by the above sources).

7.
A random selection of (mainly small private) companies (with 5+ employees) engaged in Electronics, Computing, Telecommunications or Software Services (and not identified by the above sources).  These enterprises were identified as a random sample from the OneSource list of companies.

Table A3.1
Sampling Frame and Response Rate for the Company and Organisational Survey

	
	Description


	

	1)
	Total sampled
	2009

	2)
	Total responses
	588

	3)
	Positive responses
	411

	4)
	Response - inappropriate inclusions*
	66

	5)
	Negative responses 
	114

	6)
	Response rate**
	29.3

	
	
	


Notes

*
No R&D recorded

**
Defined as 2) a proportion of 1).

Overall a positive response rate of 20% was achieved, but this varied between the different company types targeted (see Table A3.2).

· Most effort was placed on extracting responses from the IAP member firms and from the R&D Scoreboard companies, as these are likely to dominate R&D activities in the UK.  In both cases a response rate of over 40% was achieved, which is excellent for a voluntary survey, and particularly one that demanded detailed and commercially sensitive information from the respondents.

· The response from the companies listed on the London Stock Exchange (LSE) was low, at just 6%.  It should be noted, however, that this is a list of the LSE companies that are neither IAP members nor companies on the R&D Scoreboard – many will not therefore conduct R&D, and the survey will have been discarded as irrelevant.  Moreover, this group is comprised mainly of large firms, amongst which it can be difficult to identify a respondent capable of providing the detailed information required by the survey for the whole company group.

· The response rate from the SMART award winners is reasonable, given that these (generally small) firms are more frequently targeted by surveys than most firms (these firms are more likely to suffer from survey fatigue).

· At almost 20%, the response rate from the random selection of mainly small companies taken from the OneSource list is good, particularly considering the firms sampled tend to be small and many will not be conducting R&D.  On the other hand, amongst those that do conduct R&D the survey was in general fairly easy to complete because most of these firms only have a few R&D employees, and their R&D activities are restricted to a few technological areas.

· The responses from the Foreign-Owned R&D units and from the Ad Hoc Suggestions lists were disappointing.  One possibility particularly with the foreign-owned R&D units is that the firms were less inclined to assist because their R&D is less embedded in the UK than is the case with the domestic companies.  They may have been less inclined to assist the project for this reason.  Meanwhile the ad hoc list includes many small companies that are in such dynamic activities that they often have little time to provide answers to detailed questionnaires such as that of this survey.

Table A3.2 
The Sample of Companies Targeted and the Survey Response

	Source from which 
Company was Identified


	Number Targeted


	Number of Positive Responses*


	Positive Response Rate %


	Other R&D Estimates#


	% with R&D Figures or Estimates



	IAP Members List


	36
	18
	50
	2
	56

	R&D Scoreboard


	202
	86
	43
	84
	84

	Foreign R&D Units


	36
	5
	14
	30
	97

	London Stock Exchange Listed Companies
	101
	6
	6
	0
	6

	SMART Award winners


	118
	20
	17
	0
	17

	Ad hoc Suggestions


	93
	8
	9
	0
	9

	Random Selection of Mainly Smaller Companies
	1423
	268
	19
	0
	19

	Total Sample


	2009
	411
	20
	118
	26


Notes:

* Positive Responses are Firms who have R&D Employees and filled in the Technology Field and Application Field Questions. For example, three IAP members claimed not to undertake any ITEC R&D in the UK.

# Other R&D estimates are derived from various sources, including data from other research, but most is derived from the R&D Scoreboard.  Using a regression from the Community Innovation Survey which regressed (in log-log form) the R&D expenditures by R&D employment for the ITEC sector firms, we are able to estimate the likely R&D employment from the reported R&D expenditures on the R&D scoreboard.  We emphasise this approach merely provides an estimate, not an accurate assessment.  

Table A3.3
IAP Member Organisation Responses

	
	 Company
	Response

	1. 
	ARM Holdings 
	Responded 

	2. 
	BBC
	Responded

	3. 
	BSkyB plc
	Responded

	4. 
	BT 
	Responded 

	5. 
	Bull Information Systems 
	Responded 

	6. 
	Cable and Wireless
	Non-response

	7. 
	Cap Gemini UK 
	Responded

	8. 
	Carlton Communications
	Non-response 

	9. 
	Cisco Systems
	Non-response

	10. 
	CMG Admiral
	Responded

	11. 
	EDS- Scicon 
	Responded

	12. 
	Ericsson 
	Responded

	13. 
	Hewlett Packard UK
	Responded

	14. 
	IBM UK 
	Responded 

	15. 
	ICL 
	Responded 

	16. 
	Intel Corporation UK 
	Responded 

	17. 
	Marconi
	Responded

	18. 
	Microsoft (UK)
	Non-response

	19. 
	Motorola 
	Responded

	20. 
	Nortel Networks  
	Responded 

	21. 
	Novell (UK) 
	Responded 

	22. 
	Oracle Corporation UK 
	Responded  

	23. 
	Pearson
	Responded 

	24. 
	Philips Electronics UK 
	Responded 

	25. 
	Random House UK   
	Responded 

	26. 
	Reed Elsevier
	Non-response

	27. 
	Research Machines 
	Responded

	28. 
	Reuters 
	Responded

	29. 
	Sun Microsystems 
	Responded 

	30. 
	Thus 
	Responded

	31. 
	Vodafone 
	Responded 


Table A3.4
Sampling Frame and Response Rate for the University Department Survey

	Subject area
	Number contacted
	Positive responses
	Number refused to complete 
	Number of non-responses


	Responses by RAE ratings

	Computer Science 
	40
	15 (37.5%)
	4 (10%)
	21 (52.5%)
	5*:  3

5:  4

4:  8

	Electronic and Electrical Engineering
	22
	5 (22.7%)
	5 (22.7%)
	12 (54.6%)
	5*:  2

4:  3

	Physics
	35
	10 (28.6%)
	6 (17.1%)
	19 (54.3%)
	5:  3

4:  7

 

	Total
	97
	30 (30.9%)
	15 (15.5%)
	52 (53.6%)
	5*:  8

5:  4

4:  8


Appendix 4: Summary of ITEC Related University Research Activity 

The following tables in this section provide an outline description of the 1996 Research Assessment Exercise (RAE) ratings for Computer Science, Electrical and Electronic Engineering and Physics departments, listing key institutions and participating researchers.

Tables A4.1, A4.2 and A4.3 show summary descriptions for Computer Science and Electrical and Electronic Engineering and Physics.

Table A4.4 uses HESA funding statistics for the two core ITEC areas covered by the data, namely Computer Science and Electrical and Electronic Engineering.

Tables A4.5, A4.6 and A4.7 provide survey response breakdowns for research funding in the relevant technological fields and by application area.

Table A4.8 indicates the level of European Union funding of R&D in UK universities.

Table A4.1 Summary of Results from 1996 ‘Computer Science’ RAE: Participating Institutions and Active Researchers

	Computer Science


	Institution
	Research Active Staff (FTE)

	RAE 96 Rating: 5*
	Imperial College of STM
	    46

	
	University of Oxford
	    40

	
	University of Glasgow
	    32.3

	
	University of York
	    31.3

	
	University of Cambridge
	    25

	
	University of Warwick
	    21

	
	(sub-total)
	  195.6  (13%)

	RAE 96 Rating 5
	University of Edinburgh
	    80.2

	
	University of Manchester
	    54

	
	University of Newcastle
	    31

	
	University of Bristol
	    21.5

	
	Lancaster University
	    19

	
	University of Dundee
	    12.5

	
	University of Southampton
	19

	
	University College London
	27

	
	University of Bath
	    11

	
	(sub-total)
	  275.2  (18%)

	RAE 96 Rating: 4
	Institutions: 24
	  414.6  (27%)

	RAE 96 Rating: 3a
	Institutions: 16
	  281  (18%)

	RAE 96 Rating: 3b
	Institutions: 7
	    91.6  (6%)

	RAE 96 Rating: 2
	Institutions: 16
	  173.7  (11%)

	RAE 96 Rating: 1
	Institutions: 10
	    98.8  (7%)

	Total
	Number of Institutions: 88
	

	Total
	Number of Research Active Staff (Category A):
	1530.5


Source: compiled from NISS, HEFC RAE Results

Table A4.2  Summary of Results from 1996 ‘Electrical and Electronic Engineering’ RAE:  Participating Institutions and Active Researchers

	Electrical & Electronic Engineering


	Institution
	Research Active Staff (FTE)

	RAE 96 Rating: 5*
	University of Southampton
	    50.4

	
	University of Surrey
	    46.4

	
	University of Edinburgh
	    31

	
	University College London
	    29

	
	University of Sheffield (Electrical and Electronic Engineering)
	    30

	
	(sub-total)
	  186.8  (16%)

	RAE 96 Rating 5
	University of Strathclyde
	    43.3

	
	Imperial College of STM
	    40

	
	University of Glasgow
	    39

	
	The Queen’s University of Belfast
	    26

	
	University of Bristol
	17

	
	University of Sheffield (Electrical Control)
	    16

	
	Queen Mary and Westfield College
	    15

	
	UMIST (Instrumentation)
	    12

	
	(sub-total)
	  208.3  (17%)

	RAE 96 Rating: 4
	Institutions: 14
	  335  (28%)

	RAE 96 Rating: 3a
	Institutions: 7
	  135.8  (11%)

	RAE 96 Rating: 3b
	Institutions: 9
	  134.4  (11%)

	RAE 96 Rating: 2
	Institutions: 10
	  113.1  (9%)

	RAE 96 Rating: 1
	Institutions: 12
	    90.1  (8%)

	Total
	Number of Institutions: 65
	

	Total
	Number of Research Active Staff 

(Category A):
	1203.5


Source: compiled from NISS, HEFC RAE Results

Table A4.3 Summary of Results from the 1996 ‘Physics’ RAE: Participating Institutions and Active Researchers

	Physics
	Institution
	Research Active Staff (FTE)



	RAE 96 Rating: 5*
	University of Cambridge
	111

	
	University of Oxford
	107

	
	(sub-total)
	218 (14%)

	RAE 96 Rating: 5
	University of Birmingham
	65.5

	
	University of Bristol
	48

	
	University of Durham
	49

	
	Imperial College of STM
	82.2

	
	University of Leeds
	25.5

	
	University of Leicester
	34.3

	
	University of Liverpool
	33

	
	University of Manchester
	63

	
	University College London
	63

	
	University of Edinburgh
	47.6

	
	The Queens University of Belfast
	50

	
	(sub-total)
	561.1 (37%)

	RAE 96 Rating: 4
	Institutions: 26
	553.4 (36%)

	RAE 96 Rating: 3a
	Institutions: 7
	131 (9%)

	RAE 96 Rating: 3b
	Institutions: 3
	23.4 (2%)

	RAE 96 Rating: 2
	Institutions: 3
	16.6 (1%)

	RAE 96 Rating: 1
	Institutions: 4
	13 (1%)

	Total
	Number of Institutions: 56
	

	Total
	Number of Research Active Staff (Category A)
	1516.5


Source: compiled from NISS, HEFC RAE Results

Table A4.4
Total and Industrial Funding by ITEC Related Academic Cost Centre for the UK University Sector: 1994-1995 to 1999-2000, Current Prices

	  a) Electrical, Electronic & Computer Engineering (Area 20)

	Period
	All Sources of Funding (£000s)
	Industry Funding

(£000s)
	Industry Share of All Funding

	1994/1995
	67,043   
	7,988
	11.91%

	1995/1996
	69,547
	8,776
	12.62%

	1996/1997
	71,405
	10,028
	14.04%

	1997/1998
	98,289
	16,216
	16.50%

	1998/1999
	79,088
	12,479
	15.78%

	1999/2000
	82,041
	15,266
	18.61%



	  b) IT & Systems Sciences (Area 25)

	Period
	All Sources of Funding (£000s)
	Industry Funding (£000s)
	Industry Share of All Funding

	1994/1995
	39,019
	3,152
	8.08%

	1995/1996
	36,646
	4,587
	12.52%

	1996/1997
	36,466
	4,716
	12.93%

	1997/1998
	19,688
	2,149
	10.92%

	1998/1999
	14,336
	827
	5.77%

	1999/2000
	14,046
	1,662
	11.83%



	  c) Computer Software Engineering (from 1998-1999)* (Area 39)

	Period
	All Sources of Funding (£000s)
	Industry Funding (£000s)
	Industry Share of All Funding



	1998/1999
	25,584
	5,081
	19.86%

	1999/2000
	25,828
	5,042
	19.52%



	  d) All Areas (a) +b) +c))

	Period
	All Sources of Funding (£000s)
	Industry Funding (£000s)
	Industry Share of All Funding



	1994/1995
	106,062
	11,140
	10.50%

	1995/1996
	106,193
	13,363
	12.58%

	1996/1997
	107,871
	14,744
	13.67%

	1997/1998
	117,977
	18,365
	15.57%

	1998/1999
	119,008
	18,387
	15.45%

	1999/2000
	121,915
	21,970
	18.02%




Notes:

· This cost centre was newly created in the 1998-99 period.

Table A4.5
Total and Industrial Funding for Combined ITEC Related Academic Cost Centres for the UK University Sector: 1994-1995 to 1999-2000, Real Terms

	Year
	All Sources of Income in Real Terms

(£ thousands)
	Industry Income in Real Terms

(£ thousands)
	Industry Share of Income (Percentage)

	1994-1995
	106,062
	11,140
	10.50

	1995-1996
	103,972
	13,084
	12.58

	1996-1997
	102,597
	14,023
	13.67

	1997-1998
	108,158
	16,836
	15.57

	1998-1999
	107,653
	16,633
	15.45

	1999-2000
	106,738
	19,235
	18.02


Notes:

*
Calculated from Retail Price Index (RPI) data from ONS
Table A4.6
University Departmental Research Income: ITEC Hardware Fields, 2000 

	ITEC Field
	Research Income

(£000s)



	
	0-24.9
	25-249.9
	250-999.9
	1,000+



	Silicon microelectronics
	24
	2
	3
	1

	III-V microelectronics
	25
	2
	3
	0

	Photonic components
	22
	5
	3
	0

	Interconnect & packaging technologies
	27
	3
	0
	0

	Output devices
	29
	0
	1
	0

	Storage technologies
	27
	2
	1
	0

	Power source technologies
	29
	1
	0
	0

	Sensor & actuator developments
	19
	7
	2
	2

	Communication components
	23
	4
	2
	1

	Broadcast equipment
	29
	1
	0
	0

	Communications equipment
	25
	4
	0
	1


Table A4.7
University Departmental Research Income: ITEC Systems and Software Fields, 2000

	ITEC Field
	Research Income (£000s)



	
	0-24.9
	25-249.9
	250-999.9
	1,000+



	Internet
	24
	6
	0
	0

	Communications networks
	22
	7
	1
	0

	Computer architecture
	18
	11
	1
	0

	Software methods
	15
	15
	0
	0

	Data management
	24
	5
	1
	0

	Reliability
	24
	4
	1
	1

	Sensor & imaging systems
	22
	7
	0
	1

	Speech processing
	27
	3
	0
	0

	Pattern & behaviour recognition
	24
	3
	3
	0

	Middleware
	25
	5
	0
	0

	Graphics & animation
	24
	6
	0
	0

	User level applications
	24
	6
	0
	0

	Digital media & content generation
	23
	6
	1
	0

	Games and Toys
	30
	0
	0
	0

	Human factors
	24
	5
	1
	0


Table A4.8
ITEC Application Areas of University Research

	ITEC Application Field
	Very Relevant
	Relevant
	Not Relevant



	E-commerce
	3
	12
	12

	E-science
	6
	13
	8

	Finance, Banking & Accounting
	3
	8
	16

	Security
	5
	9
	13

	TV
	1
	11
	15

	Digital Media Production
	4
	5
	18

	Healthcare
	7
	14
	6

	Transport
	3
	7
	17

	Defence
	5
	13
	9

	Education & Training
	5
	14
	8

	Leisure Products & Services
	0
	10
	17

	Agriculture
	0
	5
	22

	Advertising
	0
	1
	26




Table A4. 9
European Sponsorship of ITEC Research in Universities, 2000 

	Technological Fields
	M-euros 
	£ million
	% of Total
	Approximate FTE R&D equivalent* 

	Hardware


	
	
	
	

	TF 1- Silicon Microelectronics
	1.752
	1.086
	4
	22

	TF 2 - III-V Microelectronics
	0.237
	0.147
	1
	3

3

	TF 3 – Photonic Components
	2.922
	1.812
	7
	36

36

	TF 4 – Output Devices
	0.559
	0.347
	1
	7

7

	TF 5 – Storage
	0.536
	0.332
	1
	7

7

	TF 6 – Power Sources
	0
	0.000
	0
	0

0

	TF 7 – Sensors and actuators
	1.157
	0.717
	3
	14

14

	TF 8 – Communications Components
	0.16
	0.099
	0
	2

	TF 9 – Interconnect and Packaging
	0
	0.000
	0
	0

0

	TF 10 – Broadcast Equipment
	1.9
	1.178
	5
	24

24

	TF 11 – Communications Equipment
	1.123
	0.696
	3
	14

14

	TF 12 – Computers
	1.64
	1.017
	4
	20

20

	Total
	11.986
	7.43132
	29
	149

149

	Systems and Software


	
	
	
	

	TF 13 – Internet
	1.294
	0.802
	3
	16

	TF 14 – Communication Networks
	10.55
	6.541
	25
	131

131

	TF 15 – Sensor and Imaging Systems
	1.89
	1.172
	5
	24

24

	TF 16 – Computer Architecture
	1.69
	1.048
	4
	21

21

	TF 17 – Software Methods
	5.51
	3.416
	13
	68

68

	TF 18- Pattern and Behavioural Recognition
	3.86
	2.393
	9
	48

48

	TF 19 – Speech Recognition  
	0
	0.000
	0
	0

0

	TF 20 – Data Management
	0.92
	0.570
	2
	11

11

	TF 21 – Middleware
	0.293
	0.182
	1
	4

4

	TF 22 – High/User Level Application Software
	0
	0.000
	0
	0

0

	TF 23 – Games and Toys
	0.576
	0.357
	1
	7

7

	TF 24 – Digital Media & Content Generation
	1.633
	1.012
	4
	20

20

	TF 25 – Human Factors
	0
	0.000
	0
	0

0

	TF 26 – Graphics and Animation
	1.332
	0.826
	3
	16

16

	TF 27 – Reliability
	0
	0.000
	0
	0

0

	Total
	29.548
	18.31976
	71
	366

366


Notes:

*
Based on an approximate staffing cost of £50,000 per annum

Appendix 5: Engineering and Physics Research Council Information Technology and Computer Science Programme

The sectoral structure of the Information Technology and Computer Science (IT&CS) programme within the Engineering and Physics Research Council (EPSRC) has evolved to match the rapid evolution in the technology and in the market place. The structure reflects recent developments in technology and the growing emphasis on systems.  Thus the importance and strength of the UK photonics sector was given recognition by the establishment of a new Masters training programmes in photonics that has been set up by EPSRC in response to industrial demand.  

Table A5.1      EPSRC IT & Computer Science Programme Structure

	Physical Layer
	Computational Theory
	Software Technologies
	People & Interactivity
	Systems Level Technologies

	Applications

	· Electronic Devices & Subsystems
· Optical Devices & Subsystems
· Biological Devices
· Displays
· Optoelectronic Devices & Circuits
· Systems on a Chip
· VLSI Design
· Digital Signal Processing
· Radio Frequency (RF) & Microwave Technology
· Optical Communications

	· Fundamentals of Computing & Artificial Intelligence
· New & Emerging Computing Paradigms
	· User Interface Technologies
· Artificial Intelligence Technologies
· Parallel Computing
· Neural Computing
· Multimedia
· Information & Knowledge Management
· Software Engineering
· Image & Vision Computing
	· Human-Computer Interaction
· Cognitive Science & its Applications
· Vision, Hearing & Other Senses
· Human Communication
	· Systems Methodology & Architecture
· Systems Integration
· Networks & Distributed Systems
· Mobility
· Modelling & Simulation
	· Domain-driven Technologies


Table A5.2
EPSRC Support by Research Area: IT & Computer Science Programme: 1999-2000

	Research field
	Total Value (£)
	Number of Projects



	Artificial intelligence technologies
	18,449,436
	104

	Biological devices
	2,583,058
	15

	Cognitive science and its applications
	5,411,103
	35

	Digital signal processing
	20,149,632
	102

	Displays
	2,311,236
	11

	Electronic devices and subsystems
	45,830,976
	87

	Fundamentals of computing & artificial intelligence
	14,604,556
	114

	Human communication
	7,689,224
	55

	Human-computer interactions
	12,429,676
	76

	Image and vision computing
	36,468,143
	129

	Information & knowledge management
	28,293,260
	92

	Mobility
	2,986,809
	6

	Modelling & simulation
	2,974,081
	12

	Multimedia
	7,439,576
	27

	Networks & distributed systems
	24,907,969
	116

	Neural computing
	7,913,083
	34

	New & emerging computer paradigms
	1,194,385
	11

	Optical communications
	16,282,456
	65

	Optical devices and subsystems
	17,083,088
	80

	Optoelectronic devices & circuits
	56,857,526
	119

	Parallel computing
	10,211,694
	51

	Radio frequency and microwave technology
	17,569,047
	82

	Software engineering
	20,326,533
	97

	Systems integration
	1,597,227
	8

	Systems methodology & architecture
	3,618,544
	14

	Systems on a chip
	3,750,827
	19

	User interface technologies
	9,960,328
	58

	Vision, hearing and other senses
	3,952,287
	27

	VLSI design
	16,118,410
	40

	Totals 
	418,964,170
	1686


Source: EPSRC Research Portfolio 

Table A5.3
EPSRC Support by ITEC Technological Fields

	Technological Field
	3 year commitment

(£ millions) 


	%
	Person-years per year 

	Hardware
	
	
	

	1.   Silicon
	25.7
	11
	143

	2.   III-V
	16.2
	7.1
	90

	3.   Photonic components
	10.6
	4.7
	59

	4.   Output devices
	4.8
	2.1
	26.9

	5.   Storage
	13.7
	6
	76

	6.   Power sources
	7.3
	3.2
	40

	7.   Sensors, actuators
	6.4
	2.8
	36

	8.   Communication components
	10.3
	4.5
	57

	9.   Interconnect
	1.6
	0.7
	9

	10. Broadcast equipment
	nsi
	
	

	11. Communication equipment
	17.4
	7.6
	96

	12. Computers
	-
	
	

	
	
	
	

	Systems and Software
	
	
	

	13. Internet
	nsi
	
	

	14. Communication networks
	18.8
	8.2
	104

	15. Sensors and imaging systems
	13.2
	5.8
	73

	16. Computer architecture
	13.0
	5.7
	72

	17. Software methods
	17.1
	7.5
	95

	18. Pattern recognition
	12.3
	5.4
	69

	19. Speech processing
	3.7
	1.6
	20

	20. Data management
	3.9
	1.7
	21

	21. Middleware
	nsi
	
	

	22. High level software
	10.9
	4.8
	61

	23. Games and toys
	-
	
	

	24. Digital media and content
	1.9
	0.8
	11

	25. Human factors
	8.4
	3.7
	47

	26. Graphics and animation
	6.2
	2.7
	35

	27. Reliability
	nsi
	
	

	Security and encryption
	nsi
	
	

	Other
	3.8
	1.7
	21

	TOTAL


	228
	100
	1265


Notes:

The topics were then mapped onto the major fields, and the sum of the commitment attributed to each field found. The commitment was summed over the last three years in order to smooth out the effect of large grants. The total commitment for three years was £228 million over 24 of the 28 fields with a further category for expenditure where the relevant field was unclear. This corresponds to £76 million per annum. Assuming that each researcher involves total expenditure of £100,000 per annum and that 60% of this is found by EPSRC, i.e. £60,000 per annum this corresponds to 1,265 person-years or 422 researchers each year.

nsi 
not separately identified





-
no identified funding

Source: compiled by Bryan Wilson 13.06.01

Appendix 6: Particle Physics and Astronomy Research Council Programme Profile

Particle Physics and Astronomy Research Council (PPARC) funds research in: Particle Physics; Cosmology; Astronomy and Space Science.  PPARC’s budget  was £189 million in 2000 of which the Office of Science and Technology’s share is £186.7 million.  Some £82.4 million is spent on research grants and £80.8 million on international collaboration arrangements.   See Table A6.1 for details of PPARC’s long term research programme which has relevance to some areas of ITEC R&D in the UK. 

Table A6.1
PPARC’s Long Term Technology Plan, 2000: Detectors, Instruments, Data Acquisition and Control Systems and Accelerators

· Detectors

                                     1.1 Charge Coupled Devices & IR detector arrays 

                                     1.2 Active pixel sensors 

                                     1.3 Cryogenic photon detectors 

                                     1.4 Hybrid detectors 

                                     1.5 Scintillation detectors 

                                     1.6 Vacuum tube 

                                     1.7 mm/sub-mm 

                                     1.8 Other novel detectors 

· Instruments

                                     2.1 Electronics 

                                     2.2 Optoelectronics 

                                     2.3 Optical technologies 

                                     2.4 Optics 

                                     2.5 Optical components 

                                     2.6 Telescopes 

                                     2.7 Spectroscopy 

                                     2.8 Antennae 

                                     2.9 Cryogenic systems 

                                     2.10 Transmitters and receivers 

                                     2.11 Gas analysers 

                                     2.12 Magnetometers 

                                     2.13 Stable structures 

· Data Acquisition and Control Systems

                                     3.1 High volume and high speed data processing 

                                     3.2 Artificial intelligence 

                                     3.3 Autonomy/control 

                                     3.4 Image processing 

· Accelerators
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Notes


� Tender reference: CII6/ITEC/TENDER/00. 





� DTI/DfEE (2000) “Knowledge 2000 Conference”, 7 March 2000. London. (http://www.dti.gov.UK/knowledge2000).


 


� Lord Sainsbury, Keynote Address on the Knowledge Economy, University of Central Lancashire, Preston, 9 January, 2001. 





� There have been a number of discussions surrounding the R&D Scoreboard; see, for example, Black, S. (1997) “Glaxo and EMI: A Tale of Two Companies” Financial Times, 01.08.97. 





� This figure rises to 33,386 for application area responses; see Section 4.4.  





� This figure should not be regarded as an accurate estimate and the number of UK ITEC R&D workers should not be interpolated from these data.





� The initiative was introduced on 1 April 2000 for companies employing fewer than 250 employees; see DTI (2000b), Inland Revenue (1999; 2000) and UK Treasury (2000) for further details.





�  This includes Qinetiq (see note 10 below) and NPL Management Limited here, even though under formal definitions they could now be re-allocated to the Business enterprise sector category.





�  The ONS tends to target known R&D players in it surveys.





� Qinetiq changed its name in July 2001 from DERA, an agency of the Ministry of Defence, as part of its re-organisation programme. 





� Estimated to total some 4,000 staff.





� An average generated for all research areas (Higher Education Funding Council for England, 2000, 8).  Other analysis suggests an even higher figure of 41% (“Two in five academics now short term” Research Fortnight 25, November, 1998). 





� It should be noted, however, that there have been a number of closures and mergers of departments in these three fields over this time period. 





� These heading titles relate to cost centres and are different from the RAE 1996 research field heading titles; see discussion in Section 5.3.4.





�  Inflation index calculated as following: 1994-1995 (Base) = 100.00; 1995-1996 = 102.14; 1996-1997= 105.14; 1997-1998= 109.08; 1998-1999= 110.55; 1999-2000= 114.22.





� It should be noted, therefore, that part of these monies includes contract work which may be outside the formal definition of R&D, although this is likely to be small.


 


� New initiatives introduced in 2001 may to some extent compensate for the funding decline in real terms in the two core ITEC related areas. In November 2000 and May 2001 respectively, the Joint Research Councils (JRC) launched the E-Science and Basic Technology programmes.  These programmes have a combined budget of  £139 million.  The E-Science programme has a core component to develop and broker generic technology solution and generic middleware to enable e-science and form the basic for new commercial e-business software.  The Basic Technology Programme involves the creation of new capabilities in areas such as nano-technology, imaging, photonics and sensors.
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		94-95		67043		7988		11.91%				yes				94-95		7988		67043		11.91%

		95-96		69547		8776		12.62%				yes				95-96		8776		69547		12.62%

		96-97		71405		10028		14.04%				yes				96-97		10028		71405		14.04%

		97-98		98289		16216		16.50%				yes				97-98		16216		98289		16.50%

		98-99		79088		12479		15.78%				yes				98-99		12479		79088		15.78%

		99-00		82041		15266		18.61%				yes				99-00		15266		82041		18.61%

		IT & Systems Sciences (Area 25)														IT & Systems Sciences 25

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		39019		3152		8.08%				yes				94-95		3152		39019		8.08%

		95-96		36646		4587		12.52%				yes				95-96		4587		36646		12.52%

		96-97		36466		4716		12.93%				yes				96-97		4716		36466		12.93%

		97-98		19688		2149		10.92%				yes				97-98		2149		19688		10.92%

		98-99		14336		827		5.77%				yes				98-99		827		14336		5.77%

		99-00		14046		1662		11.83%				yes				99-00		1662		14046		11.83%

		Computer Software Engineering (from 1998-1999) Area 39														Computer Software Engineering (from 1998-1999) 39

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		98-99		25584		5081		19.86%				yes				98-99		5081		25584		19.86%		#

		99-00		25828		5042		19.52%				yes				99-00		5042		25828		19.52%		#

		All Areas (from 1994-2000)														All Areas

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		106062		11140		10.50%				yes				94-95		11140		106062		10.50%

		95-96		106193		13363		12.58%				yes				95-96		13363		106193		12.58%

		96-97		107871		14744		13.67%				yes				96-97		14744		107871		13.67%

		97-98		117977		18365		15.57%				yes				97-98		18365		117977		15.57%

		98-99		119008		18387		15.45%				yes				98-99		18387		119008		15.45%

		99-00		121915		21970		18.02%				yes				99-00		21970		121915		18.02%
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		Electrical, Electronic & Computer Engineering														Electrical, Electronic & Computer Engineering

				All Sources of Funding		Industry Funding		Industry Share of All						Mistaken				All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		67043		7988		11.91%								94-95		67043		7988		11.91%				yes

		1995/1996		69547		8776		12.62%								95-96		69547		8776		12.62%				yes

		1996/1997		71405		10028		14.04%								96-97		71405		10028		14.04%				yes

		1997/1998		98289		16216		16.50%								97-98		98289		16216		16.50%				yes

		1998/1999		79088		12479		15.78%								98-99		79088		12479		15.78%				yes

		1999/2000		82041		15266		18.61%								99-00		82041		15266		18.61%				yes

		IT & Systems Sciences														IT & Systems Sciences

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		19688		3152		16.01%								94-95		19688		3152		16.01%				yes

		1995/1996		36466		4587		12.58%								95-96		36466		4587		12.58%				yes

		1996/1997		36646		4716		12.87%								96-97		36646		4716		12.87%				yes

		1997/1998		39019		2149		5.51%								97-98		39019		2149		5.51%				yes

		1998/1999		14336		827		5.77%								98-99		14336		827		5.77%				yes

		1999/2000		14046		1662		11.83%								99-00		14046		1662		11.83%				yes

		Computer Software Engineering (from 1998-1999)														Computer Software Engineering (from 1998-1999)

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1998/1999		25584		5081		19.86%								98-99		25584		5081		19.86%				yes

		1999/2000		25828		5042		19.52%								99-00		25828		5042		19.52%				yes

		All Areas														All Areas

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		86731		11140		12.84%								94-95		86731		11140		12.84%				yes

		1995/1996		106013		13363		12.61%								95-96		106013		13363		12.61%				yes

		1996/1997		108051		14744		13.65%								96-97		108051		14744		13.65%				yes

		1997/1998		137308		18365		13.38%								97-98		137308		18365		13.38%				yes

		1998/1999		119008		18387		15.45%								98-99		119008		18387		15.45%				yes

		1999/2000		121915		21970		18.02%								99-00		121915		21970		18.02%				yes





		

						Actual Figures																		Adjusted Figures

						Actual Data																		Incremental Data Deflator Assumption % =		2.75

						Year No		Year		All Sources of Funding		Industry Funding		Industry Share of All		Actual Increase Year on Year %		Over Whole Period		Base Year = 1994-1995				Year No		Delfator Multliple		Actual Increase Year on Year % Adjusted		Over Whole Period		Base Year = 1994-1995

						0		94-95		106062		11140		10.50%		0.00		0.00		100.00				0		106062		0.00		0.00		100.00

						1		95-96		106193		13363		12.58%		0.12		0.12		100.12				1		103273		-2.63		-2.63		97.37

						2		96-97		107871		14744		13.67%		1.58		1.71		101.71				2		102020		-1.21		-3.91		96.19

						3		97-98		117977		18365		15.57%		9.37		11.23		111.23				3		108509		6.36		2.40		102.31

						4		98-99		119008		18387		15.45%		0.87		12.21		112.21				4		106447		-1.90		0.36		100.36

						5		99-00		121915		21970		18.02%		2.44		14.95		114.95				5		106049		-0.37		-0.01		99.99

						Adjusted Figures

						Incremental Data Deflator Assumption = RPI

						Year No		Year		Actual Historic Costs		Historic Costs Increase Year on Year %		Historic Costs Increase Over Whole Period		RPI Deflator % Chain Base		Deflated Figures Base 1994-1995		Real Terms Increase Year on Year %		Real Terms Increase from Year 0 Over Whole Period		Inflation Rate Base Year = 1994-1995

						0		94-95		106062		0.00		0.00		NA		106062.00		0.00		0.00		100.00

						1		95-96		106193		0.12		0.12		2.14		103971.97		-1.97		-1.97		102.14

						2		96-97		107871		1.58		1.71		2.94		102597.31		-1.32		-3.27		105.14

						3		97-98		117977		9.37		11.23		3.75		108157.62		5.42		1.98		109.08

						4		98-99		119008		0.87		12.21		1.35		107653.37		-0.47		1.50		110.55

						5		99-00		121915		2.44		14.95		3.32		106737.97		-0.85		0.64		114.22

						Base Calculation

								Base				Deflator

						1994				144.7

						1995		100.00		149.8

						1995				149.8

						1996		102.14		153		2.14

						1996				153

						1997		105.14		157.5		2.94

						1997				157.5

						1998		109.08		163.4		3.75

						1998				163.4

						1999		110.55		165.6		1.35

						1999				165.6

						2000		114.22		171.1		3.32





		

				Adjusted Figures All Income

				Incremental Data Deflator Assumption = RPI

				Year No		Year		Actual Historic Costs		Historic Costs Increase Year on Year %		Historic Costs Increase Over Whole Period		RPI Deflator % Chain Base		Deflated Figures Base 1994-1995		Real Terms Increase Year on Year %		Real Terms Increase from Year 0 Over Whole Period		Inflation Rate Base Year = 1994-1995

				0		94-95		106062		0.00		0.00		NA		106062.00		0.00		0.00		100.00

				1		95-96		106193		0.12		0.12		2.14		103971.97		-1.97		-1.97		102.14

				2		96-97		107871		1.58		1.71		2.94		102597.31		-1.32		-3.27		105.14

				3		97-98		117977		9.37		11.23		3.75		108157.62		5.42		1.98		109.08

				4		98-99		119008		0.87		12.21		1.35		107653.37		-0.47		1.50		110.55

				5		99-00		121915		2.44		14.95		3.32		106737.97		-0.85		0.64		114.22

				Adjusted Figures Industry Income

				Incremental Data Deflator Assumption = RPI

				Year No		Year		Actual Historic Costs		Historic Costs Increase Year on Year %		Historic Costs Increase Over Whole Period		RPI Deflator % Chain Base		Deflated Figures Base 1994-1995		Real Terms Increase Year on Year %		Real Terms Increase from Year 0 Over Whole Period		Inflation Rate Base Year = 1994-1995

				0		94-95		11140		0.00		0.00		NA		11140		0.00		0.00		100.00

				1		95-96		13363		19.96		19.96		2.14		13084		17.45		17.45		102.14

				2		96-97		14744		10.33		32.35		2.94		14023		7.18		25.88		105.14

				3		97-98		18365		24.56		64.86		3.75		16836		20.06		51.14		109.08

				4		98-99		18387		0.12		65.05		1.35		16633		-1.21		49.31		110.55

				5		99-00		21970		19.49		97.22		3.32		19235		15.65		72.67		114.22

				Year No		Year		All Sources of Income in Real Terms		Industry Income in Real Terms		Industry Share of Income

				0		94-95		106062		11140		10.50%

				1		95-96		103972		13084		12.58%

				2		96-97		102597		14023		13.67%

				3		97-98		108158		16836		15.57%

				4		98-99		107653		16633		15.45%

				5		99-00		106738		19235		18.02%
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Sheet1

		Electrical, Electronic & Computer Engineering														Electrical, Electronic & Computer Engineering 20

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		67043		7988		11.91%				yes				94-95		7988		67043

		95-96		69547		8776		12.62%				yes				95-96		8776		69547

		96-97		71405		10028		14.04%				yes				96-97		10028		71405

		97-98		98289		16216		16.50%				yes				97-98		16216		98289

		98-99		79088		12479		15.78%				yes				98-99		12479		79088

		99-00		82041		15266		18.61%				yes				99-00		15266		82041

		IT & Systems Sciences														IT & Systems Sciences 25

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		39019		3152		8.08%				yes				94-95		3152		39019

		95-96		36646		4587		12.52%				yes				95-96		4587		36646

		96-97		36466		4716		12.93%				yes				96-97		4716		36466

		97-98		19688		2149		10.92%				yes				97-98		2149		19688

		98-99		14336		827		5.77%				yes				98-99		827		14336

		99-00		14046		1662		11.83%				yes				99-00		1662		14046

		Computer Software Engineering (from 1998-1999)														Computer Software Engineering (from 1998-1999) 39

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		98-99		25584		5081		19.86%				yes				98-99		5081		25584				#

		99-00		25828		5042		19.52%				yes				99-00		5042		25828				#

		All Areas (from 1994-2000)														All Areas

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		106062		11140		10.50%				yes				94-95		11140		106062

		95-96		106193		13363		12.58%				yes				95-96		13363		106193

		96-97		107871		14744		13.67%				yes				96-97		14744		107871

		97-98		117977		18365		15.57%				yes				97-98		18365		117977

		98-99		119008		18387		15.45%				yes				98-99		18387		119008

		99-00		121915		21970		18.02%				yes				99-00		21970		121915
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		Electrical, Electronic & Computer Engineering														Electrical, Electronic & Computer Engineering

				All Sources of Funding		Industry Funding		Industry Share of All						Mistaken				All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		67043		7988		11.91%								94-95		67043		7988		11.91%				yes

		1995/1996		69547		8776		12.62%								95-96		69547		8776		12.62%				yes

		1996/1997		71405		10028		14.04%								96-97		71405		10028		14.04%				yes

		1997/1998		98289		16216		16.50%								97-98		98289		16216		16.50%				yes

		1998/1999		79088		12479		15.78%								98-99		79088		12479		15.78%				yes

		1999/2000		82041		15266		18.61%								99-00		82041		15266		18.61%				yes

		IT & Systems Sciences														IT & Systems Sciences

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		19688		3152		16.01%								94-95		19688		3152		16.01%				yes

		1995/1996		36466		4587		12.58%								95-96		36466		4587		12.58%				yes

		1996/1997		36646		4716		12.87%								96-97		36646		4716		12.87%				yes

		1997/1998		39019		2149		5.51%								97-98		39019		2149		5.51%				yes

		1998/1999		14336		827		5.77%								98-99		14336		827		5.77%				yes

		1999/2000		14046		1662		11.83%								99-00		14046		1662		11.83%				yes

		Computer Software Engineering (from 1998-1999)														Computer Software Engineering (from 1998-1999)

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1998/1999		25584		5081		19.86%								98-99		25584		5081		19.86%				yes

		1999/2000		25828		5042		19.52%								99-00		25828		5042		19.52%				yes

		All Areas														All Areas

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		86731		11140		12.84%								94-95		86731		11140		12.84%				yes

		1995/1996		106013		13363		12.61%								95-96		106013		13363		12.61%				yes

		1996/1997		108051		14744		13.65%								96-97		108051		14744		13.65%				yes

		1997/1998		137308		18365		13.38%								97-98		137308		18365		13.38%				yes

		1998/1999		119008		18387		15.45%								98-99		119008		18387		15.45%				yes

		1999/2000		121915		21970		18.02%								99-00		121915		21970		18.02%				yes
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Sheet1

		Electrical, Electronic & Computer Engineering (Area 20)														Electrical, Electronic & Computer Engineering 20

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		67043		7988		11.91%				yes				94-95		7988		67043

		95-96		69547		8776		12.62%				yes				95-96		8776		69547

		96-97		71405		10028		14.04%				yes				96-97		10028		71405

		97-98		98289		16216		16.50%				yes				97-98		16216		98289

		98-99		79088		12479		15.78%				yes				98-99		12479		79088

		99-00		82041		15266		18.61%				yes				99-00		15266		82041

		IT & Systems Sciences (Area 25)														IT & Systems Sciences 25

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		39019		3152		8.08%				yes				94-95		3152		39019

		95-96		36646		4587		12.52%				yes				95-96		4587		36646

		96-97		36466		4716		12.93%				yes				96-97		4716		36466

		97-98		19688		2149		10.92%				yes				97-98		2149		19688

		98-99		14336		827		5.77%				yes				98-99		827		14336

		99-00		14046		1662		11.83%				yes				99-00		1662		14046

		Computer Software Engineering (from 1998-1999) Area 39														Computer Software Engineering (from 1998-1999) 39

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		98-99		25584		5081		19.86%				yes				98-99		5081		25584				#

		99-00		25828		5042		19.52%				yes				99-00		5042		25828				#

		All Areas (from 1994-2000)														All Areas

				All Sources of Funding		Industry Funding		Industry Share of All										Industry Funding		All Sources of Funding		Industry Share of All

		94-95		106062		11140		10.50%				yes				94-95		11140		106062

		95-96		106193		13363		12.58%				yes				95-96		13363		106193

		96-97		107871		14744		13.67%				yes				96-97		14744		107871

		97-98		117977		18365		15.57%				yes				97-98		18365		117977

		98-99		119008		18387		15.45%				yes				98-99		18387		119008

		99-00		121915		21970		18.02%				yes				99-00		21970		121915
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		Electrical, Electronic & Computer Engineering														Electrical, Electronic & Computer Engineering

				All Sources of Funding		Industry Funding		Industry Share of All						Mistaken				All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		67043		7988		11.91%								94-95		67043		7988		11.91%				yes

		1995/1996		69547		8776		12.62%								95-96		69547		8776		12.62%				yes

		1996/1997		71405		10028		14.04%								96-97		71405		10028		14.04%				yes

		1997/1998		98289		16216		16.50%								97-98		98289		16216		16.50%				yes

		1998/1999		79088		12479		15.78%								98-99		79088		12479		15.78%				yes

		1999/2000		82041		15266		18.61%								99-00		82041		15266		18.61%				yes

		IT & Systems Sciences														IT & Systems Sciences

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		19688		3152		16.01%								94-95		19688		3152		16.01%				yes

		1995/1996		36466		4587		12.58%								95-96		36466		4587		12.58%				yes

		1996/1997		36646		4716		12.87%								96-97		36646		4716		12.87%				yes

		1997/1998		39019		2149		5.51%								97-98		39019		2149		5.51%				yes

		1998/1999		14336		827		5.77%								98-99		14336		827		5.77%				yes

		1999/2000		14046		1662		11.83%								99-00		14046		1662		11.83%				yes

		Computer Software Engineering (from 1998-1999)														Computer Software Engineering (from 1998-1999)

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1998/1999		25584		5081		19.86%								98-99		25584		5081		19.86%				yes

		1999/2000		25828		5042		19.52%								99-00		25828		5042		19.52%				yes

		All Areas														All Areas

				All Sources of Funding		Industry Funding		Industry Share of All										All Sources of Funding		Industry Funding		Industry Share of All

		1994/1995		86731		11140		12.84%								94-95		86731		11140		12.84%				yes

		1995/1996		106013		13363		12.61%								95-96		106013		13363		12.61%				yes

		1996/1997		108051		14744		13.65%								96-97		108051		14744		13.65%				yes

		1997/1998		137308		18365		13.38%								97-98		137308		18365		13.38%				yes

		1998/1999		119008		18387		15.45%								98-99		119008		18387		15.45%				yes

		1999/2000		121915		21970		18.02%								99-00		121915		21970		18.02%				yes
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Sheet2

				1998 Sales in £ millions		1998 R&D spend in £ millions

		Siemens, Germany		42473		3280		For E&E		1

		Matsushita Electric, Japan		42047		2561		For E&E		2

		Asea Brown Boveri, Switzerland		18555		1480		For E&E		3

		Philips, The Netherlands		21497		1445		For E&E		4

		Canon, Japan		15058		943		For E&E		5

		General Electric, USA		59995		924		For E&E		6

		Sharp, Japan		9543		705		For E&E		7

		Sanyo Electric, Japan		9943		505		For E&E		8

		GEC, UK		6269		394		For E&E		9

		Ricoh, Japan		7476		373		For E&E		10

		Rockwell International, USA		4111		304		For E&E		11

		Emerson Electric, USA		8082		295		For E&E		12

		Honeywell, USA		5065		290		For E&E		13

		Matsushita Electric Works, Japan		6037		281		For E&E		14

		Groupe Schneider, France		5100		265		For E&E		15

		Sumitomo Electric, Japan		6911		244		For E&E		16

		Eaton, USA		3982		201		For E&E		17

		JVC, Japan		4881		201		For E&E		18

		Fuji Electric, Japan		5238		192		For E&E		19

		Lahmeyer, Germany		3806		167		For E&E		20

		Olympus Optical, Japan		1945		151		For E&E		21

		Japan Radio, Japan		1471		141		For E&E		22

		Bull, France		2648		136		For E&E		23

		Minolta, Japan		2611		129		For E&E		24

		Perkin-Elmer, USA		920		109		For E&E		25

		Alps Electric, Japan		2691		102		For E&E		26

		Teradyne, USA		761		98		For E&E		27

		Yokogawa Electric, Japan		1625		95		For E&E		28

		IBM, USA		49085		3183		For IT-H		29

		Lucent Technologies, USA		18119		3062		For IT-H		30

		Compaq Computer, USA		18734		2734		For IT-H		31

		Hitachi, Japan		44850		2722		For IT-H		32

		Northern Telecom, Canada		10563		2530		For IT-H		33

		Ericsson Telefon, Sweden		13676		2078		For IT-H		34

		Fujitsu, Japan		26562		2063		For IT-H		35

		NEC, Japan		26115		2031		For IT-H		36

		Hewlett-Packard, USA		28285		2016		For IT-H		37

		Motorola, USA		17669		1839		For IT-H		38

		Toshiba, Japan		29083		1721		For IT-H		39

		Intel, USA		15791		1607		For IT-H		40

		Alcatel, France		19999		1253		For IT-H		41

		Bell Canada, Canada		10743		1143		For IT-H		42

		Mitsubishi Electric, Japan		20254		1053		For IT-H		43

		Cisco Systems, USA		5084		970		For IT-H		44

		Nokia, Finland		9405		940		For IT-H		45

		Texas Instruments, USA		5085		725		For IT-H		46

		Sun Microsystems, USA		5885		715		For IT-H		47

		Xerox, USA		11046		627		For IT-H		48

		Seagate Technology, USA		4098		486		For IT-H		49

		Applied Materials, USA		2449		377		For IT-H		50

		STMicroelectronics, France		2386		367		For IT-H		51

		National Semiconductor, USA		1525		352		For IT-H		52

		3Com, USA		3258		350		For IT-H		53

		Advanced Micro Devices, USA		1528		341		For IT-H		54

		Cabletron Systems, USA		828		305		For IT-H		55

		Ascend Communications, USA		889		290		For IT-H		56

		Silicon Graphics, USA		1864		276		For IT-H		57

		LSI Logic, USA		896		259		For IT-H		58

		OKI Electric, Japan		4076		226		For IT-H		59

		NCR, USA		3910		214		For IT-H		60

		EMC, USA		2389		213		For IT-H		61

		Omron, Japan		3261		213		For IT-H		62

		Qualcomm, USA		2012		210		For IT-H		63

		Quantum, USA		3489		193		For IT-H		64

		Apple Computer, USA		3571		186		For IT-H		65

		Micron Technology, USA		1810		163		For IT-H		66

		Kyocera, Japan		3863		163		For IT-H		67

		Storage Technology, USA		1357		149		For IT-H		68

		General Instrument, USA		1195		147		For IT-H		69

		Tokyo Electron, Japan		2430		143		For IT-H		70

		Analog Devices, USA		740		132		For IT-H		71

		Murata Manufacturing, Japan		1929		128		For IT-H		72

		Dell Computer, USA		10965		126		For IT-H		73

		Casio Computer, Japan		2675		122		For IT-H		74

		Tektronix, USA		1254		122		For IT-H		75

		Tellabs, USA		998		122		For IT-H		76

		Nikon, Japan		1982		115		For IT-H		77

		Harris, USA		2338		110		For IT-H		78

		Kla-Tencor, USA		701		109		For IT-H		79

		Adaptec, USA		605		104		For IT-H		80

		Rohm, Japan		1790		101		For IT-H		81

		Lexmark, USA		1816		95		For IT-H		82

		Western Digital, USA		1722		90		For IT-H		83

		Microsoft, USA		8705		1682		For IT-S		84

		Oracle, USA		4294		556		For IT-S		85

		SAP, Germany		3055		405		For IT-S		86

		ADP, USA		2884		226		For IT-S		87

		Computer Associates, USA		2836		222		For IT-S		88

		Platinum Technology, USA		375		191		For IT-S		89

		Unisys, USA		4332		178		For IT-S		90

		Novell, USA		652		135		For IT-S		91

		Adobe Systems, USA		538		125		For IT-S		92

		Cadence Design Systems, USA		731		121		For IT-S		93

		BMC Software, USA		439		121		For IT-S		94

		America Online, USA		1563		102		For IT-S		95

		Sterling Commerce, USA		295		98		For IT-S		96

		Autodesk, USA		445		97		For IT-S		97

		Sybase, USA		521		96		For IT-S		98

		Imation, USA		1230		84		For IT-S		99

		Informix, USA		399		84		For IT-S		100

		NTT, Japan		50354		1540		For Telec		101

		France Telecom, France		16864		576		For Telec		102

		Deutsche Telekom, Germany		25211		469		For Telec		103

		Mannesmann, Germany		13455		431		For Telec		104

		AT&T, USA		31989		398		For Telec		105

		Telecom Italia, Italy		15607		328		For Telec		106

		BT, UK		15640		307		For Telec		107

		Telia, Sweden		3799		127		For Telec		108

		Telstra, Australia		6200		100		For Telec		109

		GEC		6269		394		UK E&E

		Racal Electronics		1144		65		UK E&E

		Siemens		2126		50		UK E&E

		Bowthorpe		588		31		UK E&E

		Philips Electronics		1280		26		UK E&E

		ASTEC		387		21		UK E&E

		BICC		3670		21		UK E&E

		STMicroelectronics		31		18		UK E&E

		Fairey		264		16		UK E&E

		Oxford Instruments		199		11		UK E&E

		Domino Printing Sciences		127		8		UK E&E

		Roxboro		114		6		UK E&E

		Renishaw		92		6		UK E&E

		Pace Micro Technology		184		6		UK E&E

		Delta		906		6		UK E&E

		Hitachi Europe		1021		5		UK E&E

		Sharp Electronics		294		5		UK E&E

		Telemetrix		93		5		UK E&E

		Whessoe		81		5		UK E&E

		Industrial Control Services		75		5		UK E&E

		MTL Instruments		46		4		UK E&E

		Xaar		2		3		UK E&E

		NXT		21		3		UK E&E

		Druck		59		3		UK E&E

		Honeywell		315		3		UK E&E

		Vision		8		3		UK E&E

		Pressac		117		3		UK E&E

		Radstone Technology		24		2		UK E&E

		Plasmon		34		2		UK E&E

		Chloride		116		2		UK E&E

		Servomex		31		2		UK E&E

		Volex		192		2		UK E&E

		City Technology		24		2		UK E&E

		TGI		52		1		UK E&E

		CML Microsystems		21		1		UK E&E

		Blick		77		1		UK E&E

		Creos International		4		1		UK E&E

		IOC International		4		1		UK E&E

		Emerson		227		1		UK E&E

		Densitron International		28		1		UK E&E

		Magnum Power		1		1		UK E&E

		Radamec		15		1		UK E&E

		Roxspur		31		1		UK E&E

		Dewhurst		18		1		UK E&E

		Channel		67		1		UK E&E

		Feedback		10		1		UK E&E

		Forward Technology		51		1		UK E&E

		Aromascan		1		1		UK E&E

		Critchley		50		0		UK E&E

		Arcolectric		17		0		UK E&E

		Bulgin		19		0		UK E&E

		DRS Data & Research Services		7		0		UK E&E

		FW Thorpe		27		0		UK E&E

		Advanced Power Components		6		0		UK E&E

		Soundtracs		4		0		UK E&E

		Get		41		0		UK E&E

		Matsushita Electric Europe		2886		0		UK E&E

		Arlen		37		0		UK E&E

		IBM		4957		117		UK IT-H

		Motorola		3340		46		UK IT-H

		Hewlett-Packard		2008		39		UK IT-H

		Nokia		931		34		UK IT-H

		Nortel Networks		1276		27		UK IT-H

		ARM		42		14		UK IT-H

		Psion		160		11		UK IT-H

		Ericsson		1012		7		UK IT-H

		Filtronic		94		6		UK IT-H

		VideoLogic		12		5		UK IT-H

		Telspec		52		5		UK IT-H

		Network Technology		18		3		UK IT-H

		Linx Printing Technologies		23		2		UK IT-H

		Toshiba		288		2		UK IT-H

		Cadence Design Systems		43		2		UK IT-H

		Airtech		13		1		UK IT-H

		Tadpole Technology		9		1		UK IT-H

		Bull Information Systems		272		1		UK IT-H

		Memory		48		1		UK IT-H

		Calluna		7		1		UK IT-H

		Vero		78		1		UK IT-H

		Amstrad		53		1		UK IT-H

		Lucent Technologies		157		1		UK IT-H

		Yeoman		3		0		UK IT-H

		ICL		2477		72		UK IT-S

		NCR		559		48		UK IT-S

		Misys		448		43		UK IT-S

		JBA		292		32		UK IT-S

		Sema		1250		31		UK IT-S

		Merant		97		20		UK IT-S

		Sage		192		18		UK IT-S

		MDIS		132		10		UK IT-S

		Rebus		88		10		UK IT-S

		Logica		473		9		UK IT-S

		Sanderson		74		8		UK IT-S

		Peek		123		8		UK IT-S

		CMG		444		8		UK IT-S

		CODA		41		7		UK IT-S

		Kalamazoo Computer		66		6		UK IT-S

		RM		131		5		UK IT-S

		Quality Software Products		41		5		UK IT-S

		Pegasus		15		5		UK IT-S

		Acorn		12		5		UK IT-S

		DCS		110		5		UK IT-S

		Financial Objects		22		4		UK IT-S

		Staffware		22		4		UK IT-S

		Dialog		46		4		UK IT-S

		Royalblue		30		4		UK IT-S

		Anite		150		3		UK IT-S

		Willett International		74		3		UK IT-S

		Cadcentre		18		3		UK IT-S

		Macro 4		24		3		UK IT-S

		NSB Retail Systems		8		3		UK IT-S

		Riva		80		2		UK IT-S

		Real Time Control		16		2		UK IT-S

		Chyron		27		2		UK IT-S

		TTP		36		2		UK IT-S

		Sherwood International		42		2		UK IT-S

		Electronic Data Processing		12		2		UK IT-S

		Laser-Scan		6		2		UK IT-S

		London Bridge Software		22		1		UK IT-S

		PolyDoc		0		1		UK IT-S

		Gresham Computing		23		1		UK IT-S

		Flomerics		7		1		UK IT-S

		Autonomy		5		1		UK IT-S

		Ultima Networks		39		1		UK IT-S

		Zergo		13		1		UK IT-S

		Cedar		13		1		UK IT-S

		Radius		28		1		UK IT-S

		Vocalis		6		1		UK IT-S

		Clinical Computing		3		1		UK IT-S

		Intelligent Environments		7		1		UK IT-S

		Microgen		70		1		UK IT-S

		Concurrent Technologies		4		1		UK IT-S

		Superscape VR		4		1		UK IT-S

		Alphameric		11		1		UK IT-S

		VI		4		1		UK IT-S

		Vega		22		1		UK IT-S

		JSB Software Technologies		3		1		UK IT-S

		Recognition Systems		1		0		UK IT-S

		Trace Computers		15		0		UK IT-S

		CFS		11		0		UK IT-S

		AIT		14		0		UK IT-S

		ICM Computer		36		0		UK IT-S

		Netcall		1		0		UK IT-S

		Pennant International		5		0		UK IT-S

		Cap Gemini		386		0		UK IT-S

		Stordata Solutions		11		0		UK IT-S

		Guardian IT		30		0		UK IT-S

		BT		15640		307		UK Telec

		Vodafone		2471		34		UK Telec

		Cable and Wireless		7001		26		UK Telec

		Securicor		1195		13		UK Telec

		Orange		1213		0		UK Telec
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						R&D spend		Sales		R&D %								R&D spend		Sales		R&D %

		UK Companies		Rank		in £M		in £M		of sales				Foreign Companies		Rank		in £M		in £M		of sales

		Electronic & Electrical

		GEC		1		394.4		6,269		6.3				Siemens, Germany		1		3,280		42,473		7.7

		Racal Electronics		2		65.0		1,144		5.7				Matsushita Electric, Japan		2		2,561		42,047		6.1

		Siemens		3		49.5		2,126		2.3				Asea Brown Boveri, Switzerland		3		1,480		18,555		8.0

		Bowthorpe		4		30.6		588		5.2				Philips, The Netherlands		4		1,445		21,497		6.7

		Philips Electronics		5		25.5		1,280		2.0				Canon, Japan		5		943		15,058		6.3

		Total (of firms listed)		n. 58		763.3		23,635		3.2				Total (of firms listed)		n. 28		16,008		300,741		5.3

		IT Hardware

		IBM		1		117.4		4,957		2.4				IBM, USA		1		3,183		49,085		6.5

		Motorola		2		46.2		3,340		1.4				Lucent Technologies, USA		2		3,062		18,119		16.9

		Hewlett-Packard		3		39.3		2,008		2.0				Compaq Computer, USA		3		2,734		18,734		14.6

		Nokia		4		33.8		931		3.6				Hitachi, Japan		4		2,722		44,850		6.1

		Nortel Networks		5		27.2		1,276		2.1				Northern Telecom, Canada		5		2,530		10,563		23.9

		ARM		6		13.8		42		32.8				Ericsson Telefon, Sweden		6		2,078		13,676		15.2

		Psion		7		11.3		160		7.1				Fujitsu, Japan		7		2,063		26,562		7.8

		Total (of firms listed)		n. 24		328.6		14,896		2.2				Total (of firms listed)		n. 55		42,111		468,629		9.0

		Software & IT Services

		ICL		1		71.5		2,477		2.9				Microsoft, USA		1		1,682		8,705		19.3

		NCR		2		47.6		559		8.5				Oracle, USA		2		556		4,294		12.9

		Misys		3		42.6		448		9.5				SAP, Germany		3		405		3,055		13.3

		JBA		4		32.5		292		11.1				ADP, USA		4		226		2,884		7.8

		Sema		5		30.9		1,250		2.5				Computer Associates, USA		5		222		2,836		7.8

		Merant		6		19.7		97		20.3				Platinum Technology, USA		6		191		375		50.9

		Sage		7		18.2		192		9.5				Unisys, USA		7		178		4,332		4.1

		Total (of firms listed)		n. 65		415.3		8,472		4.9				Total (of firms listed)		n. 17		4,521		33,293		13.6

		Telecommunications

		BT		1		307.0		15,640		2.0				NTT, Japan		1		1,540		50,354		3.1

		Vodafone		2		33.6		2,471		1.4				France Telecom, France		2		576		16,864		3.4

		Cable and Wireless		3		26.0		7,001		0.4				Deutsche Telekom, Germany		3		469		25,211		1.9

		Securicor		4		13.3		1,195		1.1				Mannesmann, Germany		4		431		13,455		3.2

		Orange		5		0.4		1,213		0.0				AT&T, USA		5		398		31,989		1.2

		Total (of firms listed)		n. 5		380.3		27,520		1.4				Total (of firms listed)		n. 9		4,275		179,119		2.4
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Sheet4

		UK Companies

		Company		IT Sector		Sales (millions)				Rank by R&D within Sector		R&D (thousands)				R&D as % of Sales

		Xaar		Electronic & electrical		2		-50		22		3437		2		171.9

		Magnum Power		Electronic & electrical		1		0		41		911		3		91.1

		STMicroelectronics		Electronic & electrical		31		-14		8		18012		18		58.1

		Aromascan		Electronic & electrical		1		-50		48		520		49		52.0

		Recognition Systems		Software & IT services		1		0		56		461		35		46.1

		VideoLogic		IT hardware		12		-20		10		5041		14		42.0

		Acorn		Software & IT services		12		-52		19		4608		29		38.4

		Vision		Electronic & electrical		8		-33		26		2967		56		37.1

		Creos International		Electronic & electrical		4		0		37		1329		-38		33.2

		ARM		IT hardware		42		56		6		13767		105		32.8

		Pegasus		Software & IT services		15		25		18		4774		49		31.8

		NSB Retail Systems		Software & IT services		8		167		29		2533		149		31.7

		IOC International		Electronic & electrical		4		-43		38		1191		32		29.8

		Laser-Scan		Software & IT services		6		-25		36		1784		51		29.7

		Clinical Computing		Software & IT services		3		0		47		790		19		26.3

		Autonomy		Software & IT services		5		150		41		1164		397		23.3

		Netcall		Software & IT services		1				61		222		0		22.2

		Financial Objects		Software & IT services		22		38		21		4485		50		20.4

		Merant		Software & IT services		97		33		6		19679		2		20.3

		Staffware		Software & IT services		22		22		22		4186		40		19.0

		JSB Software Technologies		Software & IT services		3		0		55		528		1		17.6

		Flomerics		Software & IT services		7		17		40		1225		4		17.5

		Concurrent Technologies		Software & IT services		4		-20		50		688		27		17.2

		Superscape VR		Software & IT services		4		33		51		672		-39		16.8

		CODA		Software & IT services		41		21		14		6855		8		16.7

		Cadcentre		Software & IT services		18		6		27		2887		5		16.0

		Vocalis		Software & IT services		6		200		46		957		73		16.0

		NXT		Electronic & electrical		21		-53		23		3267		26		15.6

		Calluna		IT hardware		7		250		20		1085		-11		15.5

		Electronic Data Processing		Software & IT services		12		-8		35		1793		-4		14.9

		Network Technology		IT hardware		18		6		12		2664		149		14.8

		VI		Software & IT services		4		0		53		593		15		14.8

		Tadpole Technology		IT hardware		9		-31		17		1220		-20		13.6

		Yeoman		IT hardware		3				24		396		24		13.2

		Royalblue		Software & IT services		30		43		24		3692		53		12.3

		Real Time Control		Software & IT services		16		23		31		1946		38		12.2

		Quality Software Products		Software & IT services		41		46		17		4884		2		11.9

		Sanderson		Software & IT services		74		10		11		8340		11		11.3

		JBA		Software & IT services		292		32		4		32487		-5		11.1

		Airtech		IT hardware		13		-38		16		1411		34		10.9

		Rebus		Software & IT services		88		33		9		9597		0		10.9

		Intelligent Environments		Software & IT services		7		133		48		759		-10		10.8

		Macro 4		Software & IT services		24		4		28		2545		0		10.6

		MTL Instruments		Electronic & electrical		46		10		21		4423		1		9.6

		Radstone Technology		Electronic & electrical		24		20		28		2294		0		9.6

		Linx Printing Technologies		IT hardware		23		10		13		2207		18		9.6

		Telspec		IT hardware		52		-2		11		4939		27		9.5

		Misys		Software & IT services		448		38		3		42600		37		9.5

		Sage		Software & IT services		192		26		7		18193		28		9.5

		Dialog		Software & IT services		46		119		23		3964		-8		8.6

		NCR		Software & IT services		559		8		2		47621		56		8.5

		Zergo		Software & IT services		13		30		43		1100		85		8.5

		Kalamazoo Computer		Software & IT services		66		-15		15		5516		60		8.4

		Cedar		Software & IT services		13		30		44		1083		-26		8.3

		MDIS		Software & IT services		132		17		8		9847		13		7.5

		City Technology		Electronic & electrical		24		26		33		1724		12		7.2

		Psion		IT hardware		160		13		7		11326		4		7.1

		Chyron		Software & IT services		27		8		32		1899		22		7.0

		Renishaw		Electronic & electrical		92		14		13		6232		-7		6.8

		CML Microsystems		Electronic & electrical		21		17		35		1389		-8		6.6

		Industrial Control Services		Electronic & electrical		75		-17		20		4905		-11		6.5

		GEC		Electronic & electrical		6269		-4		1		394420		-14		6.3

		Domino Printing Sciences		Electronic & electrical		127		5		11		8039		11		6.3

		Plasmon		Electronic & electrical		34		3		29		2149		22		6.3

		Peek		Software & IT services		123		-24		12		7805		-11		6.3

		Fairey		Electronic & electrical		264		-18		9		16072		-4		6.1

		Whessoe		Electronic & electrical		81		-9		19		4927		9		6.1

		Filtronic		IT hardware		94		100		9		5684		35		6.0

		London Bridge Software		Software & IT services		22		100		37		1300		158		5.9

		Feedback		Electronic & electrical		10		0		46		578		0		5.8

		Racal Electronics		Electronic & electrical		1144		-3		2		65042		-18		5.7

		Servomex		Electronic & electrical		31		-9		31		1775		-8		5.7

		Soundtracs		Electronic & electrical		4		-20		55		228		-35		5.7

		ASTEC		Electronic & electrical		387		-1		6		21496		2		5.6

		Roxboro		Electronic & electrical		114		1		12		6435		0		5.6

		Radamec		Electronic & electrical		15		7		42		844		10		5.6

		Alphameric		Software & IT services		11		-21		52		620		-26		5.6

		Oxford Instruments		Electronic & electrical		199		35		10		11011		7		5.5

		Telemetrix		Electronic & electrical		93		-21		18		5074		-15		5.5

		Druck		Electronic & electrical		59		9		24		3265		2		5.5

		DRS Data & Research Services		Electronic & electrical		7		0		52		385		-4		5.5

		Gresham Computing		Software & IT services		23		156		39		1251		86		5.4

		Bowthorpe		Electronic & electrical		588		9		4		30600		18		5.2

		TTP		Software & IT services		36		20		33		1879		-25		5.2

		Sherwood International		Software & IT services		42		40		34		1875		4		4.5

		Advanced Power Components		Electronic & electrical		6		20		54		256		63		4.3

		RM		Software & IT services		131		19		16		5431		21		4.1

		DCS		Software & IT services		110		83		20		4525		2		4.1

		Willett International		Software & IT services		74		7		26		2921		12		3.9

		Radius		Software & IT services		28		4		45		1077		-19		3.8

		Dewhurst		Electronic & electrical		18		6		44		652		0		3.6

		Nokia		IT hardware		931		33		4		33759		257		3.6

		Densitron International		Electronic & electrical		28		0		40		981		8		3.5

		Cadence Design Systems		IT hardware		43		87		15		1525		20		3.5

		Pace Micro Technology		Electronic & electrical		184		-16		14		6190		5		3.4

		CFS		Software & IT services		11		57		58		360		-46		3.3

		Pennant International		Software & IT services		5		25		62		162		523		3.2

		Trace Computers		Software & IT services		15		-12		57		456		-63		3.0

		ICL		Software & IT services		2477		-15		1		71500		-29		2.9

		Ultima Networks		Software & IT services		39		-40		42		1144		-63		2.9

		TGI		Electronic & electrical		52		0		34		1475		8		2.8

		Riva		Software & IT services		80		14		30		2137		100		2.7

		Vega		Software & IT services		22		38		54		569		-9		2.6

		Arcolectric		Electronic & electrical		17		6		50		419		108		2.5

		Sema		Software & IT services		1250		11		5		30900		16		2.5

		Pressac		Electronic & electrical		117		23		27		2765		37		2.4

		Roxspur		Electronic & electrical		31		19		43		757		328		2.4

		IBM		IT hardware		4957		-3		1		117400		5		2.4

		Memory		IT hardware		48		586		19		1161		16		2.4

		Siemens		Electronic & electrical		2126		5		3		49500		-60		2.3

		Bulgin		Electronic & electrical		19		0		51		401		-1		2.1

		Nortel Networks		IT hardware		1276		5		5		27200		-84		2.1

		Anite		Software & IT services		150		-23		25		3115		-72		2.1

		Philips Electronics		Electronic & electrical		1280		-1		5		25500		16		2.0

		Hewlett-Packard		IT hardware		2008		7		3		39295		23		2.0

		AIT		Software & IT services		14		27		59		278		-33		2.0

		BT		Telecommunications		15640		5		1		307000		5		2.0

		Logica		Software & IT services		473		40		10		8800		96		1.9

		Sharp Electronics		Electronic & electrical		294		-2		17		5261		-7		1.8

		Chloride		Electronic & electrical		116		-8		30		2032		-4		1.8

		Blick		Electronic & electrical		77		3		36		1383		26		1.8

		CMG		Software & IT services		444		47		13		7801		158		1.8

		Amstrad		IT hardware		53		23		22		817		460		1.5

		Motorola		IT hardware		3340		7		2		46179		-4		1.4

		Vodafone		Telecommunications		2471		41		2		33600		1		1.4

		Vero		IT hardware		78		-23		21		1038		-20		1.3

		FW Thorpe		Electronic & electrical		27		13		53		332		2		1.2

		Forward Technology		Electronic & electrical		51		-12		47		552		6		1.1

		Securicor		Telecommunications		1195		-12		4		13300		115		1.1

		Honeywell		Electronic & electrical		315		8		25		3147		20		1.0

		Microgen		Software & IT services		70		6		49		702		55		1.0

		Volex		Electronic & electrical		192		8		32		1756		6		0.9

		Channel		Electronic & electrical		67		12		45		601		104		0.9

		Critchley		Electronic & electrical		50		9		49		447		11		0.9

		Delta		Electronic & electrical		906		1		15		6000		216		0.7

		Toshiba		IT hardware		288		2		14		2066				0.7

		ICM Computer		Software & IT services		36		6		60		259		-58		0.7

		BICC		Electronic & electrical		3670		-11		7		21000		-28		0.6

		Ericsson		IT hardware		1012		32		8		6540		6		0.6

		Hitachi Europe		Electronic & electrical		1021		2		16		5447		19		0.5

		Emerson		Electronic & electrical		227		6		39		1087		-18		0.5

		Stordata Solutions		Software & IT services		11		-31		64		58		26		0.5

		Get		Electronic & electrical		41		-7		56		161		27		0.4

		Arlen		Electronic & electrical		37		32		58		143		-1		0.4

		Bull Information Systems		IT hardware		272		-12		18		1213		-37		0.4

		Lucent Technologies		IT hardware		157		13		23		677		-71		0.4

		Cable and Wireless		Telecommunications		7001		16		3		26000		-78		0.4

		Guardian IT		Software & IT services		30		30		65		40		33		0.1

		Matsushita Electric Europe		Electronic & electrical		2886				57		159				0.0

		Cap Gemini		Software & IT services		386		13		63		156		-96		0.0

		Orange		Telecommunications		1213		33		5		400		-56		0.0

		PolyDoc		Software & IT services		0		-100		38		1262		3
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