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Introduction

This report presents in summary form, the final output of a working group of the Information Age Partnership (IAP) which has been studying ITEC R&D strengths in the UK for a period of the past 18 months.

During this time a considerable amount of information has been collected and a picture has emerged of the R&D strengths of the UK as well as of gaps and opportunities. An early finding was that existing sources of data and statistics were difficult to interpret in a way that gave a real insight into what was happening in ITEC and so the group commissioned original work to try and fill this gap. Particularly, a major survey of organisations and universities was completed, a smaller study of the opinions of CTOs in the IAP group was made, and there was an informal assessment of the ITEC Services industry. These documents are available in full on the IAP web site (see Annex C), and should be consulted for detailed information.

An important understanding has been that the majority of high performance ITEC activity in the UK can be described as being in non-geographic clusters, which we have termed  'ITEC-Eco-systems'. The characteristics of these are described below and also the public policy implications of trying to foster such groupings of activity.

The contents below are organised into the following sections:

· a brief description of the methods used and the coverage of the surveys to give context

· a summary of the findings of the surveys and other research

· conclusions to be drawn 

· recommendations that might be considered by the IAP

A presentation chart-pack version of this information is also available.

Annexes give the following:

A. Terms of Reference for the R&D strengths study

B. Members of the Working Group

C. List of publications and references

There has been a considerable amount of data captured and readers are advised to consult the references for a full picture.

Research Methods

The following research was carried out:

1. An initial study by WG members of the possible groupings of UK ITEC strengths to determine scope and coverage required.

2. A major study performed by Manchester Universities' CRIC/PREST research group. This involved four pieces of work: 

· A collation of existing sources of information (e.g. ONS, HESA statistics, Research Councils' funding figures etc) 

· A paper survey sent to over 2000 organisations in the ITEC field with 477 responses

· A follow-up telephone survey

· An e-mail survey of Universities with 4, 5 or 5* ratings in ITEC fields in the Research Assessment Exercise

The coverage achieved with this study is statistically significant. In particular, the survey's results in terms of numbers employed in R&D aligns well with the ONS data, and covers about 37,000 R&D workers which is 75% of the UK ITEC total.

3. A review of the Foresight Panels' reports and findings and discussions with the chair of the ICM Foresight Panel.

4. A telephone survey of the CTO (or other suitable person) in the IAP member companies to obtain more anecdotal inputs on perceived UK ITEC strengths. This achieved over 60% coverage. Whilst this is qualitative it represents most of the large companies in the field and has provided insights into key areas of strength as well as of concern.

5. A review of companies engaged in ITEC Services to look at their special characteristics.

From all the above it is believed that a picture has been obtained that accurately shows activities and strengths in UK ITEC R&D.  However, an interesting finding was that very large numbers of technically qualified personnel were also employed in fields other than R&D (e.g. manufacturing support, project delivery, customer support etc.)  This pool is important in that it represents not only essential activity for the ITEC-Eco-systems but also a skilled resource that can be flexibly deployed amongst tasks when needed. In a rapidly evolving field such as this, it is vital to have such a large base to work from.

Measurement of R&D was also found to be un-reliable as few incentives exist for companies to accurately record levels of activity. Proposed R&D tax-credits may alleviate this, but R&D still exist in large projects, in service industries, and in contract R&D organisations (where it is 'sales') which is difficult to capture.

It should be noted that there are also some ITEC activities not properly covered by the methodology used here. Thus, ITEC R&D directly within, for example, the financial services, biotechnology or chemical industries will have been missed. The Instrumentation and Test & Measurement sector is also not well covered. Defence is under-represented due to the companies typically not being members if the IAP and particularly DERA's reluctance to divulge any breakdown of its activities. In all cases this will result in an under-representation of R&D activity levels.

Summary of findings

The surveys found that the UK has a relatively large ITEC economy (14.9% of all UK trade) in comparison to other similar countries and this activity is growing strongly (10% per annum in the 1990's). A large component of this economic activity is in the service sector. This sector has traditionally performed a lower percentage of R&D than the manufacturing and software industries and this may partly explain the lower overall measured R&D intensity in the UK. However even after allowing for this, the R&D intensity (i.e. percentage of turnover) in the UK is still significantly lower than our peer group of countries in OECD or EU. This may in turn reflect some issues with R&D measurements, although the Frascati definition is supposedly used throughout the EU at least.

The specific types of R&D undertaken were studied and Table 1.1 below shows the distribution of work by topic amongst University researchers and Industry R&D workers over the technological fields. Although these data may to some extent under-estimate SMEs and do not include those items mentioned in the section above, it gives a reliable picture of the overall distribution of activities. 

It will be seen that there is an almost even split between software and hardware. The largest activities were:

1) Communications and Mobile Communications (equipment, networks and components at 25% of the total)

2) Silicon, lll-V and photonic components at 12% of the total

3) Digital media, games and graphics at 9% of the total

As can be seen from the table however, the remaining activity is spread amongst many other topics. Within these topic headings a few more specific technologies were mentioned by the respondents to the surveys as being particular UK strengths, these were:

· Middleware -- a varied collection of software from large and small companies

· Nanotechnology -- good R&D skills and of emerging importance

· Speech Processing -- strong academic position

This list is clearly not comprehensive but illustrates that there are many possibilities available to nurture R&D activity.

Table 1.1

Summary table of measured distribution of effort against Technological field (Compiled from Ref. 1)

	Technological Field
	University R&D activity %
	Industry R&D Employment 

%

	TF 1 – Silicon Microelectronics
	7
	5

	TF 2 – III-V Microelectronics 
	4
	2

	TF 3 – Photonic Components 
	5
	5

	TF 4 – Output Devices 
	1
	1

	TF 5 – Storage Technologies 
	2
	1

	TF 6 – Power Source Technologies 
	1
	0

	TF 7 – Sensor and Actuator Developments 
	9
	3

	TF 8 – Communication Components 
	9
	4

	TF 9 – Interconnect and Packaging Technologies 
	0
	4

	TF 10 – Broadcast Equipment 
	0
	3

	TF 11 – Communications Equipment 
	12
	12

	TF 12 – Computers 
	
	1

	TF Other Equipment (Control, Test, Instrumentation)
	7
	1

	(Hardware Subtotal)
	57
	42

	TF 13 – Internet 
	1
	9

	TF 14 – Communications Networks 
	3
	9

	TF 15 – Sensor and Imaging Systems 
	5
	2

	TF 16 – Computer Architecture 
	3
	2

	TF 17 – Software Methods 
	3
	4

	TF 18 – Pattern and Behavioural Recognition
	5
	1

	TF 19 – Speech Processing 
	1
	1

	TF 20 – Data Management 
	2
	4

	TF 21 – Middleware 
	1
	6

	TF 22 – High/User Applications 
	1
	7

	TF 23 – Games and Toys 
	0
	2

	TF 24 – Digital Media and Content Generation 
	2
	2

	TF 25 – Human Factors 
	2
	3

	TF 26 – Graphics and Animation 
	1
	2

	TF 27 – Reliability 
	9
	4

	TF Security and Encryption 
	0
	0

	(Systems and Software Subtotal)
	43
	58

	TF 28 Other 
	
	

	Total Across All Technological Fields 
	100
	100

	
	
	

	Total 
	3,550 staff
	37,000 staff


This table shows how activity reported in the survey is split amongst the classifications in Universities and Industry. Note that the University total of researchers is about one tenth of the Industry numbers, and hence if one were to add these numbers together there would only be a small impact on the distribution of effort currently shown under ' Industry'.

Note also that, as detailed elsewhere, this table omits the very significant numbers engaged in Defence work (probably another 14,000)

Overall there are 37,000 ITEC workers recorded by this study in the UK industry and a further 3,550 (fulltime equivalents) active in University R&D in the sector. These numbers are with the narrow (Frascati) definitions of R&D.

Anecdotally the activity level is also believed to be growing and this may account for the 'quantity of skilled staff available' being cited as one of the key negative factors in the survey. (Note however that the survey was largely performed before the main impact of the 2001 slow-down in the technology sectors was evident.)

The application fields for the Research being conducted were also analysed, but many respondents had difficulty in allocating the R&D to specific fields. Never the less the key fields came out as:

· E-commerce (40% of respondents)

· Manufacturing and Robotics (37%)

· Finance, Banking and Accounting (24%)

· Security (23%)

· Transport (22%)

· Defence (21%)

· Education and Training (21%)

Perceptions of the UK as a place to undertake ITEC R&D

The large sample was asked about operating in the UK and the two Charts below show the opinions of the 477 survey respondents on the relative merits of the UK as a place to undertake R&D.  These results closely match the smaller sample of the CTO study (which asked for responses to the same question, without prompting with the specific categories). 

The first chart (below) gives the order in which the respondents rated the topics for importance to doing R&D in the UK: 
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This chart (derived from Ref 1 the CRIC/PREST study, p30) shows the percentage describing each topic as "important" or "very important"
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The second chart (above) shows the percentage that described the topic as a strength or a weakness multiplied by the importance rating from the previous chart. It thus gives a good overall measure of the perceptions of doing R&D in the UK.

It can be seen that on this analysis the quality ratings all come out highly, this includes the workforce, the customers, the other companies with which to work, and the university sector. In contrast to this the quantity ratings and the Tax Regime score very badly. It is noteworthy that these opinions were very consistent across all the work done for these surveys and that the sample is statistically significant.
The CTO study 

The survey of CTO's of IAP companies confirmed the major R&D strengths as being in:

· Mobile/Wireless Communications

· Communication Systems

· Digital Media and broadcast

And that these are underpinned by a series of component technologies, especially:

· Software Design

· Opto-electronics

· Silicon design

· RF Design

(see CTO Study report for more details of responses)

Foresight

The review of Foresight Panels' outputs concluded that:

· The lack of specific data made them difficult to use for our purposes

· The ITEC/ICM panel's reports underpinned the findings elsewhere in this study

· The Healthcare report had many specific ITEC related recommendations that align with our other data

· The reports of all relevant panels assume that a better broadband structure will be in place.

ITEC Services Sector

A particular aspect of this study that stood out, was the position of R&D in ITEC Services (in itself a broad grouping encompassing IT systems, large projects, and service provider related activity).  Large numbers of workers were found to be engaged in this area (over half the total ITEC population) but the recorded R&D activity was low with University departments not acknowledging it as a discipline. A specific study was made of the nature of this by interviewing representatives of some leading ITEC Service companies. This survey revealed the following:

The IT services sector is 90% related to supplying the domestic economy, as might be expected from the heavy labour content. Despite this, the UK is seen as a springboard to Europe and the pervasive use of English as the language of IT is significant. The large UK activity is seen to be due to other industries adopting IT early and eagerly and this demand being met by skills, both newly trained and, historically, by transfer from the (then) declining defence sector. Innovation in Services is seen as being driven by rapid adoption of best practice, and by re-skilling of people, rather than traditional R&D.

It is seen that as much as half of this activity is, however, vulnerable to competition from lower-cost economies. To replace this loss with higher value activities will demand that the UK ITEC services sector remains at the forefront in the introduction of new technologies. There is a concern that in to-day's situation where almost all of the software products are imported, this lead could be eroded or rendered less relevant over time.

Academia also does not figure in Services in any significant way. This may be due to the nature of the large and urgent projects that make up much of the business here, or simply the fact that large systems design has not been a traditional discipline. A Centre of Excellence in such a topic should be considered, associated in some way with a Business School.

ITEC Eco-systems

The most substantial R&D strengths were found to exist in major groupings and we have termed these 'ITEC-Eco-systems'. These non-geographic clusters have the following characteristics:

a) A sector of international significance 

b) A significant volume of economic activity in the UK

c) Represented by both large and small firms

d) Activity at many layers including basic technology and system levels 

e) Application and sales opportunities present with an informed customer base

f) Strong University programmes

g) Competition amongst several strong players at each layer, rather than a monopoly or quasi-monopoly

h) Significant interaction between these layers with spin-outs and consolidation taking place continuously (and typically with various funding sources including VC's)

These clusters are not confined to the UK and indeed one of their characteristics is that a healthy import/export regime exists, but it is clear that the UK has been more successful in some than others. For example, the UK's early lead in medical electronics (scanners etc.) might be considered to have not achieved world-class status because other components of the ITEC Eco-system were not in place. Conversely the success of the multi-University VCE (Virtual Centre of Excellence) in Mobile Communications, compared to the poor performance of other VCE's, is thought to be due to it being part of such a cluster.

The CTO survey anecdotally reported that salaries are higher in the ITEC Eco-system parts of the industry and that opportunities are better for advancement. In terms of attracting new people into the appropriate professions, this has to be a further positive mechanism.

The current groupings that met the criteria were identified as:

· Communication Systems: large service providers, equipment makers, start-ups, applications, university studies, and VC activity all present

· Mobile Communications: large operators, network expertise, R&D, software and components and big customer base all present

· Digital Media and Broadcast: content and delivery, games, broadcasters, R&D and equipment makers all present

And, as noted above, Defence Electronics is also believed to be such a strong, self-supporting area.

It was considered that the following might become future ITEC Eco-systems:

· Grid Computing: web services via the Broadband net, ASPs, middleware, service provision, billing, etc. A field that is both existing and with lots of potential for growth, but not a fully populated cluster (missing both scale and broadly-based R&D activity) This requires the Broadband Net to be available and the promotion of the use of such services

· E-services: infrastructure and provision of services, e-business, etc. as well as a major part of the ITEC economy in its own right. Greater depth of R&D to underpin long term growth would be desirable. "E-Government" initiatives would pump-prime this area

· Medical Informatics/ life-sciences computing and instrumentation: A growing area as noted in the Foresight Healthcare report with much more significant ITEC content in the future. This requires a more-informed customer (NHS trusts), and more extensive R&D to meet the ITEC Eco-System definition.

· Financial Services: software, support services etc. This area is undoubtedly large but does not figure in R&D measurements, a new view needs to be taken of how to recognise the strengths here. This is a more Global ITEC Eco-system and hence the issue is how to grow a larger proportion of the total for the UK. Again R&D at the systems level would be needed to meet the cluster criteria.

It is of considerable interest to note that the circumstances giving rise to an ITEC Eco-system seem to start from some specific action, e.g. de-regulation of the telecommunications industry or early licencing of cellular telephones. It is also clear that these groupings rely on a technology base that in many cases has been 20 years, or more, in the making, and which typically started as a specific initiative (e.g. in Alvey for software or from MoD DCVD on the hardware component side) 

Innovation obviously springs from many and various new ideas, but through the life-cycle of R&D these new ideas must be filtered out and consolidated. The ITEC Eco-system represents both a methodology for ensuring that this process happens, and a stable base for ensuring the success of the mature business. Better facilitation of this process might also help the University sector to play its full part in both the diverse early stages and in the fully working activities.

These groupings of self-supporting economic activity may well be more important than the much-discussed "clusters" which are usually treated in a geographic sense. It is clear that in ITEC especially, many connected businesses and supporting activities are widely dispersed, and anecdotally some of the most successful co-operations have been with partners who are not situated locally.

It also seems possible that this type of self-supporting system could be systematically encouraged, especially where some missing components could be identified at an early stage. An 'Office of ITEC Eco-system facilitation' might be suggested. 

Conclusions

A large survey of UK Industry and Academia has shown ITEC R&D to be concentrated into a few well-defined areas of activity. This is a positive attribute and has built strong industry groupings in these areas, with economic activity at all levels in the food-chain. Original R&D has been the basis of the UK strength in many these of activities. In these areas the UK is at least on a par with the best in the World.

The view from industry is that other activities are often below critical mass and, especially in Universities, a wide spread of work topics is seen to be failing to provide the core of new groupings. However, an historical view (and common sense) shows that large activities have to start from small beginnings and hence it is necessary to find a balance between a focus on important groupings and the opening up of future opportunities. 

In many cases the UK is part of a larger, global, ITEC Eco-System and in these cases there is a need to ensure that sufficient activity takes place in the various layers to allow future growth as a whole and to avoid UK being sidelined into a narrow activity. In particular, R&D needs to be present to underpin other, more general, commercial activity, and to allow the intelligent exploitation of worldwide intellectual property.

Industry and Government actions can support the growth (and possibly the inception) of new ITEC Eco-systems by a policy of widespread work on basic technologies. In addition, an intelligent and active customer base is a pre-requisite for success, and this can be assured by positive procurement action. The other pre-requisite is to provide an adequate number of skilled workers, and here again public policy and actions of interested industry can have an effect.

As far as problems were concerned, the most frequently raised (and very strongly expressed) issue in this survey was the lack of Broadband facilities to support both the development and end-use of many of the services being researched. In fact, the opportunity for the UK to be a major node in all of the ITEC Eco-Systems identified will be significantly hampered by this lack of infrastructure. The people surveyed here were of the opinion that the Broadband infrastructure needed to be in place first to allow the further evolution of the uses. One commented "...the internet build preceded the invention and development of all of the web applications..."

Recommendations

We offer the following recommendations to both the industry and government representatives of the IAP:

1. Actively promote ITEC Eco-systems to focus attention on areas of strength, to build R&D activity, and continue public policy to encourage entrepreneurial activity 

2. Appoint an ITEC Eco-systems facilitator to evolve the topics identified here (to be supported by the industry members of the IAP)

3. Improve the measurement accuracy of UK R&D activity levels (e.g. DTI R&D Scoreboard)

4. Use R&D tax credits to ensure focus on future looking technology and consider carefully the need to encourage both new and more established work

5. Create a Centre of Excellence in large IT systems design with links to a business school

6. Take active steps to speed roll-out of Broadband (>2Mbit/s) access as a critical enabler to the ITEC Eco-systems

7. Find ways to use Public sector procurement to actively support the other objectives ("e-government" initiatives can be built on here)

8. Encourage mechanisms for Universities to achieve critical mass and to play full part in creating new ITEC Eco-systems. This may include looking at the organisation of the science base and at the creation of above critical mass departments

9. Maintain strongest possible focus on ITEC skills development to satisfy future 

demand

10. Ask ‘Foresight’ to pick up embryonic ITEC Eco-systems
11. Repeat this survey at 3-year intervals to identify trends
Annex A

TERMS OF REFERENCE FOR AN ANALYSIS OF UK R&D STRENGTHS IN ITEC 

Background

The Information Age Partnership (IAP) is the key forum across Government for dialogue with 36 leading figures from the UK IT, Electronics, Communications, and creative content Industries. The Partnership is chaired by the Secretary of State and meets every six months.  It aims to accelerate the UK's adoption of Information Age technologies, and through this, improve our overall competitive position. 

Early this year, the IAP established a Working Group on ITEC, to identify significant ITEC technological opportunities over the next ten years, and assess which parts of the UK ITEC sector have the potential to exploit these.  The Group’s initial analysis has determined that ITEC companies spend around £2.4 billion per year on R&D in the UK, and that UK universities carry out ITEC research to a total value of £100 million p.a.

The working group has identified a project, the aim of which is to quantify UK strengths in ITEC R&D, and map them onto the areas identified as important in Foresight.  

The Task
The first task, this task, is to quantify UK R&D strengths in the main ITEC fields and applications foci. The quantification should be in terms of qualified R &D staff and expenditure using an appropriate estimated rate for labour and overheads. The task will include:

Large Corporate R&D Facilities

Identify the UK R&D facilities of large companies, and estimate numbers employed on R&D in each field.  Include research intensive organisations (e.g., PA, CCL) in this category, and government research agencies (e.g., DERA, RAL). Obtain views from the leading companies on the UK’s position relative to other countries in the relevant fields.

People and organisations to be consulted, and from which information might be sought, include:

· ITEC group members;

· IAP members;

· Relevant DTI (Communications & Information Industries) section heads, and DCMS (creative industries);

· Trade associations and professional bodies operating in the ITEC field;

· Industry analysts;

· Foresight;

· Other bodies, e.g., Digital Content Forum, Display Network, Mobile Internet group.
Academic Research.

Obtain the following to determine the quantity and strength of academic research in each field:

· The amount of publicly funded research in universities in each field.  This information should be readily available from EPSRC.  Input should also be sought from other funding organisations such as DERA and the European Commission;

· An estimate of industrially funded research in universities in each field.  This could be obtained by asking IAP members very approximately how much they spend on R&D in which universities, and which fields account for most of their spend.  A simple questionnaire could be used, and results aggregated to preserve commercial confidentiality;  

· Data from the Research Assessment Exercise (RAE) on the number of highly rated (4/5*) university departments undertaking work in ITEC fields. These departments could be asked to indicate how their work, however funded, divides between the fields. They could also be asked if they consider any of this work to be world class 

· Data on the number of published papers in each field, which should be obtainable from OST or ESRC. Use of citation indices as an indication of research status.

SMEs

Estimate number of SMEs exploiting (or capable of exploiting) R&D in each field, consulting relevant DTI sections and Trade Associations, and other relevant organisations such as Kompass and Dunn & Bradstreet. Estimate staff and expenditure within the SMEs engaged in the different fields or application foci. 

Other indicators

Trend in number (percentage from UK) of patents per topic filed in US (recognising that there will be a time lag of several years between innovation and patent) – data from OST, patent office, and other organisations such as SPRU.

Maximum use should be made of previously published surveys, econometric data, statistics and databases.  Work should include visits and discussions with important UK players.  Extensive fieldwork is expected.
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Annex C  Publications and references   
The full reports of this Working Group are available on the Information Age Partnership web site at http://www.iapuk.org . These documents contain large quantities of original data and should be consulted for a full view of the work and results:

1) "UK R&D Strengths in IT, Electronics,and Communications (ITEC) and creative content industries". CRIC/PREST study Final Report July 2001

2) The IAP CTO Study "CTO study Report for IAP v1.1"

3) Report on UK IT Services for the DTI ITEC Working Group: Summary of Interviews. V2.0

4) PowerPoint chart pack: "IAP UK R&D Strengths Summary presentation" v1.4

5) This paper "Final Summary Report ITEC Strengths WG" v1.2 October 2001
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