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ITEC Group Report

“In the world of IT, Electronics and Communications (ITEC) fundamental
changes are taking place as we move towards the Information Society.

As an example, the increasing use of the Internet and the linking of cellular
phones to the Internet, will open up a whole new range of products,
services, and new business opportunities. We hear on a daily basis

reports of new technology-driven investments in such new business
opportunities. Examples such as e-business, home shopping, home banking
and digital TV come to mind, but the list is seemingly endless. The ITEC
technologies will continue to provide the drivers for these and other novel

business opportunities.

The ITEC sector is vital to the UK economy in terms of employment and
contribution to GDP. In 1998 the UK ICT sector was estimated at 8.6%

of GDP, with a total turnover of £181.6 billion. The Foresight ITEC Group
was established to consider how business, Government and academia could
draw on their respective strengths to support and enhance the

competitiveness of the UK's ITEC sector.

The UK ITEC sector has many strengths, with leading edge research
establishments and world beating technology and creative industries.
However, we must not be complacent, we need to ensure that we address
our weaknesses to retain and expand our capabilities in building high
added-value business, and developing a technically advanced skill base.

The ITEC sector is a global business and our perspective has therefore been
to focus on what the UK can do best do within this context. Our ultimate
aim was to help create an environment that would attract continued and
increasing investment in the ITEC sector, particularly in added-value research
and development. We want to help the UK to continue to get its fair share of

investment for the benefit of the UK economy and its citizens.

I would like to take this opportunity to thank the members of the ITEC Group
for their contribution to this report.”
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1 Summary

1.1 | About this Document

The ITEC Group was set up towards the end of 1999 by the Information, Communications
and Media (ICM) Panel to identify technology developments in the next 15 to 20 years,
chart the market opportunities, and after all those consulted had had their say, to make
recommendations for action.

This document presents the recommendations of the ITEC Group. It is focussed on technology
issues in the ITEC arena, and considers what business, Government and academia can do,
separately and together, to support and enhance the competitiveness of the UK's ITEC sector.

The Group’s recommendations come at the end of a consultation phase in which the Group
asked stakeholders for feedback to its initial observations, presented in A Consultation
Document, upon which this report is based.

In preparation for the consultation phase of its work, the ITEC Group issued two other
documents, described below, which explained its thinking.

B First, it updated a previous technology document to take account of changes and trends
in technologies underlying ITEC. This document, ITEC Technologies, is to be found on
the Foresight website (http://www.foresight.gov.uk)!, and presents the Group's view
of future developments in those technology areas.

m Second, the Group explored the ways in which ITEC technology might be used
in the future through a series of ‘visions’, which are presented in a second document,
ITEC Visions.
The reader should also bear in mind the work of the other Task Forces set up by the ICM Panel:
B ‘The Learning Process in 2020’ Task Force;

B ‘The Future and Development of Information Relationships’ Task Force.

Also relevant is the work of the cross-Foresight E-commerce Task Force.

1 Foresight consultation documents are also mirrored on http://pp.iop.org/ I0P/Foresight/consult.html.
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Consultation Responses

The Group has found the consultation stage, which lasted from July to October 2000, very
useful for its work. A complete list of institutions and individuals that responded to the ICM
Panel consultation material appears in Appendix A.

Details of the responses to ICM Panel consultation material are to be found on the Foresight
website (http://www.foresight.gov.uk), and are not presented in detail in this document.
Responses were generally of high quality, and between them covered all three of the ITEC
Group's consultation documents, as well as those from other ICM Panel Task Forces.

Responses covered a wide range of topics. Some confirmed opinions already set out in the
Consultation Document. Other responses included suggestions for new material, or
registered a different viewpoint from that of the documents. These addressed a number of
topics, including:

m the general tone of the report;

contributions to the SWOT analysis of ITEC in the UK;

further market opportunities, or comments on the ones discussed;
suggestions for fertile areas of research;

comments on the analysis of the ITEC skill base;

further information and opinion on sustainability in ITEC.

The Group has considered carefully every item of feedback it has received in the course
of producing this report, and extends its thanks to those individuals and institutions that
provided views.

Recommendations

The ITEC Group considers that the potential returns from investment are higher in
information technology, electronics and communications than in most other areas of
economic activity, and has made its recommendations on this basis. The recommendations
are divided into three sections:

B Structural recommendations - recommendations that apply to the environment of the
ITEC sector in the UK;

B Operational recommendations - specific actions suggested to bring about improvements;

I Fertile areas for research - fields of enquiry which the Group judges are of special
importance to ITEC as a whole.

Of these, the structural recommendations have already been published in the ICM Panel
report, ‘Let’s Get Digital'.

www.foresight.gov.uk 7




Readers who wish to see the recommendations directly are referred to the relevant parts
of section 3, shown in the table below.

Category Topic of Reference
Recommendation (section)
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2.2

2.2.1
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Background

Overview

In considering the future of ITEC over the next 15 to 20 years, the ITEC Group has been
especially concerned to make its observations relevant to where we start from - the UK's
position at the start of the twenty-first century.

The UK is a major trading nation with a well-educated workforce, and its fair share of determined
and creative individuals prepared to drive the social and economic life of the country.

The UK's strong services sector, its wide-ranging academic support for the ITEC industries,
and its first-class communications facilities have encouraged an increasing number of
overseas firms to set up British-based research and development operations.

ITEC in the UK has a strong legacy from the past; in computing, electronics and
telecommunications, UK scientists and engineers have frequently been pioneers, conducting
many of the early trials in digital computing, radio, television and radar, and playing a key role
in the development of medical electronics, for example.

Analysis can too easily appear negative, but in order to provide some background for our
specific observations, in this section are summarised first the Group'’s view of the ITEC
technologies that will be key in the next 15 to 20 years, and second, the Group's own view
of strengths, areas for improvement, opportunities, and threats.

Key Technologies

TECHNOLOGY CLASSIFICATION

At the heart of the future of ITEC are pervasive long-term trends?:

m the development of computing power as computers get smaller and cheaper;

M the growth of a universal network to enable electronic devices to communicate freely;
m the development of software able to manipulate knowledge.

But contributing to these are a multitude of interacting technologies. In its companion ITEC
Technologies document?, the Group has divided these into:

B ‘basic technologies' - advances in materials science, physics, mathematics and related
disciplines that make advanced ITEC possible;

m ‘functional technologies’ - techniques which draw on the enabling technologies to provide
devices and appliances that are focussed on a single functional area;

m ‘framework technologies’ - technologies that span at least four functional areas.

2 See, for example, The Futures Project: Technology Map. Cahill, A., Scapolo, F. European Commission, December 1999.

3 To be found on the Foresight website at http://www.foresight.gov.uk.
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Technologies that the Group considers important are mapped in the table shown below
onto five functions of the digital environment:

m users; M data warehouses; m appliances;

B communication networks; B computational resources.

FUNCTIONS OF THE DIGITAL ENVIRONMENT

Users Communication  Appliances Data Computational
Networks Warehouses Resources
Basic Basic
Technologies transmission
Spectrum use
<t Portable energy
Functional Social context Mobile
Technologies modelling networks
(including user
behaviour
modelling;
computer
dependency)
Security
Framework < Computational grid >
Technologies
(generic) - Software systems engineering =
- Virtual environments =
Framework < Digital content toolset >
Technologies
(application- - E-commerce toolset =
oriented)
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Technology Trends

To provide some focus on technology trends, this section gives a summary of
the new techniques and topics added or significantly updated in revising the ITEC
Technologies document.

BASIC TECHNOLOGIES
In updating the technologies document, the Group set out to identify two main types
of changes:

m improved metrics and roadmaps (ideally available in the public domain) for
the technologies;

m disruptive technologies.

Disruptive technologies of course also include those new techniques/inventions, as yet
unknown, which will offer entirely new approaches to solving scale/speed problems in ITEC.

In adding metrics and roadmaps, the Group has tried to attach numbers and pictures or
charts to trends that may be highly familiar. Disrupters were defined as those technologies
which, although they are currently restricted to research laboratories, or (if commercialised)
present no real challenge to existing techniques, may in the future have a major effect.

To give an overview of how the technologies reported in the (previous) Forward Look
document are changing, we reproduce below the Group's list of (new) enablers, drivers and
potential disrupters they have identified for each technology topic. More will of course
emerge from future research programmes. For further explanation, please refer to the ITEC
Technologies document itself.
Basic transmission

ADSL/VDSL rates - update

Use of solar powered airship technology as high-altitude platforms (HAPs)

|

|

M Convergence of telecoms/WAP/data networking/IP
M Universal Mobile Telecommunications System (UMTS)
|

Dense wavelength division multiplexing (DWDM)

Image display

M Active matrix flat panels mature, poly-silicon improves performance (e.g. 200 d.p.i
panels emerging)

m Temporal response a limiting property of current liquid crystal displays (for video
applications)

M Polymer electroluminescence
m Polymer substrates (robustness and potential for low cost manufacturing)

B Bistable displays (no power; pixel count > 1000 x 1000)

www.foresight.gov.uk




m Reflective displays (low power/portable applications)

B GaAs pixel detectors

Storage
Hybrid recording (magnetic and optical)
Perpendicular recording

Discrete media

[
[
[
m  Magnetic RAM (MRAM) - non-volatile, low consumption
m Spintronics

= HD-DVD

[

Terabyte optical storage disks

Portable energy

m Low power requirements from new display/storage devices

Materials

M SiGe and/or other emerging compound semiconductors such as SiC and GaN as
potential replacements for GaAs

m High-temperature superconductivity for medical imaging, smaller microwave devices

Devices and lithography

m SiGe technology for radiation and particle detectors (including position sensitive
detectors)

m  Mixed analogue-digital devices

B Use of high-intensity lasers

Processing

B Quantum and molecular computing

2.3.2 | APPLICATION TECHNOLOGIES

The Group distinguishes Basic Technologies at the most fundamental level from Functional/
Framework Technologies at the next level of organisation (see section 2.2). New or
changed topics in the Functional/Framework Technologies section of the /TEC Technologies

document are:

M user interfaces (including speech and image recognition);
wireless (=mobile) technologies;

software engineering;

security/authentication;

virtual environments;
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intelligent information (including multimedia databases, data mining, data fusion);
learning/adaptive systems (including A-life and agents);

computational grids.

TECHNOLOGY TOPICS IN THE ‘VISIONS'

The Group has also worked on how these technologies get applied. For this it devised a set

of 'visions' or sketches of the future, based on the broad themes of work, health, transport,

use of the Internet, public administration, leisure and entertainment and learning. The key

technology topics those visions illustrate are listed below.

Working practice

Multimedia working
Integrated information bases
Hypermedia links

Data warehousing
Future-proofed information
Data structuring standards

Advanced software engineering

Healthcare/medicine

Smart learning systems

Data fusion

Data mining

High-bandwidth mobile network

Cheap portable computing power and storage

Smart card technology

Transport

Road traffic management systems (RTMS): networking, data fusion/mining,
intelligent devices (image processing), virtual environments (simulation), software
systems engineering

Integrated vehicle transport (IVT): agents, robotics, virtual environments
Combined RTMS/IVT: software systems engineering, data fusion

Intermodal Transport Management (ITM): mobile networks, personal interaction
technologies

Marine: Data fusion, high-performance computing

Aeronautical: networking, data fusion/mining, intelligent devices (image processing),
virtual environments (simulation), software systems engineering

www.foresight.gov.uk




Internet use/e-commerce

I Voice recognition

B Universal high-bandwidth (mobile) network

M Creatly increased cheap portable computing power and storage

M Improved displays for virtual reality

Public administration

Standards for structured information (SCML and XML)
Data mining

Data fusion

Encryption

Cheap computing power and storage

Leisure and entertainment
@ Virtual and interactive environments and immersion in / feedback to ‘broadcast’ material

B Digital TV - electronic programme guides (EPGs), view control, mass storage,

interactivity and immersion

Audio and video on demand

Wireless Internet access

User friendly interfaces - voice, gesture, thought

Wireless connection between all personal information devices

Mobile access to personal / domestic information, gateways and servers
Multimedia messaging

Multimedia terminals

Information management and search tools

Home automation - embedded intelligence in domestic appliances, sensor technology

GPS location tools
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SWOT Analysis of ITEC in the UK

We have already stated reasons for optimism that the UK can meet the challenges in ITEC 10,
15 or 20 years ahead. In most of the areas that may be important to the future of ITEC, the
UK has a stake of some sort, and in some it is a leader. In others, where the UK's position is
acknowledged to fall short of expectation, there is no fundamental reason why this situation
may not be corrected. The key will be to find the right goals and establish the actions
required to achieve them.

As a basis for its recommendations, the Group has made its own interim assessment of the
particular strengths of the UK that are relevant to the long-term future of ITEC, together with
areas where improvement is possible, with the aim of matching them with perceived threats
and opportunities.

The analysis represents just a start upon a complex task. The Group does not expect
everyone to agree, either with the scope or the detail of it. The Group had thought that
other stakeholders might have material that is relevant, but in fact relatively little was
obtained from feedback responses. This absence of data on strengths and weaknesses
is the subject of one of the Group's recommendations (see section 3.1).

STRENGTHS

The Group had been expecting to find that the areas within ITEC at which the UK excelled,

at least, would be widely agreed. But it seems there is little material in the public domain
that helps to answer this and establish what they are. Some areas which have been advanced
by various stakeholders as UK strengths are discussed below.

Excellence in mathematics and physics

International benchmarks rate UK scientific research highly relative to that of other nations.
A 1997 survey* of international strengths in science using citation analysis showed that the
UK> was rated second or third in the rankings in 10 of the 13 sections into which the 49
subjects assessed were grouped. In individual subjects, it ranked top in pure mathematics,
and third to the US and Canada in physics.

A recent international benchmarking exercise using more traditional methods - peer review -
concluded that ‘At its best, research in physics [and astronomy] in the UK is at the very
highest level worldwide’®.

Strength in computer theory and software engineering

The UK is viewed as strong in academic computer science, notably the theory of
computation, and in the academic study of software engineering, particularly formal
methods. It also has a well-developed software industry, typified by the flourishing network
of companies supplying the IT needs of the City of London financial sector.

4 Benchmarking international research. Adams, J., Nature 396, pp 615-618 (1998).
5 Technically, the study dealt with England only: HEFCE, which sponsored the study, has a remit limited to England.

6 International Perceptions of UK Research in Physics and Astronomy. EPSRC, PPARC, Royal Astronomical Society
and the Institute of Physics, May 2000.
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Strength in the creative industries

A commonplace topic of the past few years has been that the UK has been ‘re-branding’
itself with a new emphasis on the creative industries. Several strands relevant to ITEC
can be identified.

m The UK is a leader in such fields as the provision of content for information and
entertainment, fashion design, and the ownership of informational content. The UK has
an enviable store of historical and heritage material which can be an additional source of
English-language content.

B The UK's design skills in the broadest sense continue to achieve international visibility:
as one example, the iMac computer, a high-profile US product, was designed by a
British-born and British-trained design expert.

I The UK excels in the design of computer games. The total UK leisure software market
was expected to reach nearly £850 million in 1999, according to the European Leisure
Software Publishers Association, which also claims that 60-70% of consumer software
bought in Europe comes from the UK’. There is both a reported shortage of skilled
people and growing interest from employers in graduate entrants to this field®.

Photonics and optoelectronics
One of the main conclusions of a recent review for the EPSRC of photonics research was that:

‘The scientific quality of UK research [in photonics] is acknowledged, and the academic

community is therefore able to give a good scientific return on research investment®.’

UK research in these areas is of high quality, and is the recipient of strong commercial
investment as well as public funding.

A strong higher education sector

The UK's universities compare well with the best universities internationally, and are an
important feature of the excellence of the UK science base'®. UK universities are second
only to Japan in the proportion of undergraduate students that complete their degree,
at a cost comparable to that of other countries'.

In the universities funding councils’ research assessment exercise (RAE), many'® departments
achieve rating 5": ‘Research quality that equates to attainable levels of international excellence
in a majority of sub-areas of activity and attainable levels of national excellence in all others.’

The strongest UK university ‘brands’ are known internationally.

7 http://www.elspa.com

8 THES, February 25, 2000

9 EPSRC Review of Photonics, April 2000; see http://www.epsrc.ac.uk.

10 The Quality of the UK Science Base, DTl March 1997.

11 CVCP comment on HEFCE report: Performance Indicators in Higher Education in the UK, December 1999.
12 International Comparison of the Cost of Teaching in Higher Education. HEFCE Research Series M12/97, 1997.
13 Approx. 6% of assessment units in the 1996 RAE.
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WEAKNESSES

UK research is not translated often enough into actual products and systems

This impression may be caused partly by the commercial leadership of the US in nearly every
field of ITEC: UK discoveries, however promising, often seem to be exploited by US
companies rather than UK ones. It is also the consequence of a perceived weakness in some
areas of consumer product manufacturing and in semiconductor production.

The UK'’s ‘innovation culture’ is not working as well as it could

A recent CST report™ analysing the exploitation of science and technology by UK businesses
has clarified many of the issues. Broadly the report highlights that the ‘UK is no longer a
leading player in exploiting and creating markets through technology based innovation.’
The report makes a number of policy recommendations designed to address the problem.

More generally, a recent Community Innovation Survey (CIS) of over 33,000 companies in
the EU and EEA employing over 10 people reported that in the UK, about 23% of sales were
found to come from new or improved products, compared with the EU average of 31% (43%
in Germany)™. In electronics, however, the balance of innovation may be in the UK's favour’®.

Social attitudes are believed to militate against commercial risk taking in the UK, with the
stigma of failure cutting short the careers of serial entrepreneurs who, in the US, might
go on to found successful businesses at a second or subsequent attempt. In addition,
successful academic researchers in science and technology are not necessarily admired
more if they also achieve commercial success.

Small innovative high-tech companies (typically start-ups or spin-outs) are frequently seen
as key in the commercial exploitation of advances in science and technology. Comparisons
are difficult to make, but there seems little doubt that concerns of this kind are more likely
to be funded by investors in the US for example than in the UK.

OPPORTUNITIES

Mention has been made elsewhere in this document of the rapid growth of opportunities

as we move towards the Information Society. Despite the difficulty of selecting particular
opportunities, the ITEC Group has made a first attempt by identifying those that correspond
to the strengths previously detailed.

Mobile services

The Group believes that the demand for mobile services will continue to increase for a long
time into the future, and that year 2000 levels of adoption of mobile telephony are only

a modest start of what will be a massive industry world-wide.

Europe is already a leader in mobile services compared to the US, which provides a firm
foundation to be exploited.

14 Technology Matters: report on the exploitation of science and technology by UK business. Council for Science and
Technology, February 2000.

15 Sunday Times, 7 May 2000.

16 Mason, G & Wagner, K: High Level Skills, Knowledge Transfer and Industrial Performance: Electronics in Britain and
Germany. Anglo-German Foundation.
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Digital products

Mobile devices are just one example of the range of digital products that can be expected to
emerge as the basis of the information age. These markets, evolving and completely new,
will offer exceptional opportunities for manufacturers and service providers.

Non-volatile/low-power devices

In combination, the need for digital products and appliances, and the emphasis on mobility,
will emphasise the importance of devices which use power with high efficiency - because
they use less power in running, and do not need power to sustain their information storage
when idle.

Graphic design in user interfaces

From its work on technology applications, the Group has identified a pervasive need for user
interfaces of all kinds to be attractive, fit for purpose, and user-friendly. Whether in Internet-
based learning, virtual reality, better driver displays in cars, compelling entertainment
products, or simply more attractive websites, high-quality graphic design applied to
computing will be crucial to the long-term acceptability of the virtual version of the world.

E-business and e-government

A recent report has outlined the opportunities in e-commerce for the UK'. The report
envisages the UK as ‘a world-class centre for e-commence; and the leading “hub” for
e-commerce activity within a successful single European market.’ This leadership would

be based on ‘demanding consumers in a highly competitive UK market; excellent suppliers;
extensive Government-industry partnership’ as well as minimal but effective regulation.

Estimates of future growth of e-commerce vary widely, as the report also notes. A recent

NOP forecast'® predicted that the value of online shopping in Britain would exceed £10bn
in 2000. E-commerce as a proportion of GDP in the UK is expected to grow from a fraction
of a percent in 1998 to more than 3% in 2002.

E-business, or the use of telecommunications and computing for business processes of
every type, has a longer pedigree than e-commerce, but will also offer significant gains in,
for example, optimising the supply chain, mass customisation of products, and relationship
marketing.

If the UK Government’s ambitious plans™ for ‘e-government’ yield workable and robust
solutions, these techniques could be the basis of a viable trade exporting the associated
techniques, software and other materials.

17 E-Commerce@its.best.uk, Cabinet Office, September 1999.

18 http://www.nopres.co.uk/survey/internet/internet_item10.htm

19 e-Government, a strategic framework for public services in the Information Age. Cabinet Office, April 2000.
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Commercialisation of education

Comparison with the US, and analysis of trends in the UK, point to the likelihood that
commercial forces will rapidly come to have far more weight in the provision of education
than they have in the past, probably starting with higher education. The UK is well placed to
exploit this development, using its high-profile ‘brands’ and ITEC expertise to provide:

M educational material;
m learning software and other ITEC devices;

M certification and accreditation of learning delivered remotely.
The reader should consult the report of the Task Force on The Learning Process in 2020.

Provision of digital content

Broadcasting organisations, film and TV production companies and cable service providers
put the UK in the top two or three nations world-wide as a source of content. In the past,
critics have found these industries less good at dominating the means of distribution.

A recent initiative?® brings together digital content providers in the UK for this purpose,

in the belief that the new digital media offer an opportunity the UK should seize.

Photonics and optoelectronics

The recent review for the EPSRC of photonics research commented that ‘The value of the
photonics business is growing, [in] hardware by 30 to 60% per annum...". There is strong
consumer demand and industrial need for innovative developments, consequently there
is great potential for "UK Limited” to reap a very high commercial return from additional

research investment in photonics...".

Research support as a key ITEC driver

The future needs of basic scientific research will be important drivers of innovation in ITEC.
As an example, the Long-Term Technology Review Report?' compiled as part of a Foresight
Associate Programme by the UK Research Councils, set out to identify fields of research
supported by the Councils in which specific technologies common to more than one field
could contribute to supporting leading-edge academic research.

The report identifies the three important streams of special relevance to ITEC, set out below.

B ‘Data to Information’ - the need to provide for the collection and processing of massive
amounts of data from instrumentation and to guide the operation of the instrument by
real-time analysis of the data.

m ‘Information to Knowledge' - the need to convert massive datasets into ‘knowledge’
(however defined) is said to call for ‘systems and strategies to handle information,
knowledge and translations between the two’, although it is recognised that substantial
strategic R&D will be required.

m ‘Modelling and simulation’ - the need to use powerful computers to understand and
predict the behaviour of increasingly complex systems and allow real-time’ intelligent
decision-making.

20 UK Digital Content, an action plan for growth. DTI, February 2000.

21 Technology for the Future - the research councils’ long-term technology review of the science and engineering base.
April 2000
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The first of these hints at the use of a computing ‘grid’ - the notion of processing power on
tap through a distribution architecture not unlike the Internet. Recently, HM Treasury has
considered a bid to set up a prototype grid to address the needs of research in particle
physics, and CERN is to approach the EU Framework 5 Programme for funding on this topic?2.

The second is exemplified in the research arena by ‘bioinformatics’, the storage of large
amounts of data from the sequencing of the human genome, for example. But as the
Group's 'visions' show, seamless access to the meaning of data in databases could be
important in many advanced applications of information processing.

Vast information bases will be available online (and maybe locally on a personal device),
and difficult problems will have to be solved if access to the right knowledge at the right
time is to be seamless amongst such large amounts of data. Key to this are:

m adequate methods of search and analysis that allow content-addressable access;

m metadata methods, such as ‘markup languages', used to structure information so that it
can be preserved for the future and interpreted independently of hardware or software;

M algorithms that contain the computing effort required for large-scale searches.

The UK already has leading companies in the area of applying novel methods to data
searching on the Internet.

The third, modelling and simulation, exemplifies how pervasive computing is in the research
endeavour, and is a strong driver for future interdisciplinary research involving ITEC-related
disciplines and expertise from the subject areas modelled.

2.4.4 | THREATS

Skill shortages in ITEC
The Group sees several aspects to this issue.

B First, many ITEC sectors are currently experiencing shortages of people with specific IT
and telecommunications skills. Some areas of supporting technology such as
optoelectronics are also experiencing skill shortages. This may threaten the advance
of the Information Society.

M Second, there may be an as yet unrecognised need for general education of citizens
to understand their role in the Information Society - both as economic consumers and
in their relationship to Government.

M Third, the shortage of people with specific IT skills in the commercial job market is
reducing the numbers entering the academic professions that underpin ITEC by
teaching and research, both at the level of postgraduate students and research
assistants. This imbalance threatens the science base upon which ITEC should feed in
future, and the supply of those able to teach ITEC subjects at the higher levels. Similar
problems beset the teaching of ITEC subjects in schools.

22 THES March 31, 2000. Allocations for Grid projects were announced in
The Science Budget 2001-02 to 2003-04, DTI November 2000.
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A general problem of priorities is that graduates with degrees in ITEC subjects (the argument
applies equally to other technical subjects) are increasingly attracted to non-ITEC
occupations by the higher salaries available, for example, in the financial sector.

Imported hardware

Other countries will compete hard to be leading manufacturers of hardware, products and
digital appliances. The past record of several suggests they have a head start. The UK risks
having to import much of its hardware in the next two decades.

Competition from emerging economies

Hardware and software skills cannot be contained in the developed countries. The free flow
of ideas means that countries with for example much lower wage costs than the UK can
provide information products, delivered by digital networks, of a comparable standard and
more cheaply than can the UK.

Security and trust

People will only entrust important parts of their lives to digital networks if they feel that

the information they store is secure. They will only trade if they have trust in the medium

of trade, and can verify the trustworthiness of potential partners in commercial transactions.
Things that disturb either threaten the future development of ITEC.

IT dependence

The growth of networks and increasing dependence on computers between them provide
an opportunity for disruptive action by elements such as terrorists and fanatics.

A complicating factor is that actions that cause significant disruption and even costs in one
nation may have taken place in another country in which such deeds are not illegal, with
consequent difficulty in establishing jurisdiction and liability.

Failure of sustainability

Sustainability is defined and used both narrowly (to mean environmental management) and
also more broadly (to cover an enormous range of fundamental social and political attitudes).
A useful working definition used by Forum for the Future is that ‘Sustainable development
is a dynamic process which enables all people to realise their potential and to improve their
quality of life in ways which protect and enhance the Earth'’s life support systems'.

It will be apparent that this still describes a very broad area to which ITEC - with its
involvement in telecommunications and computing - is of immediate relevance. To take
a topical example, the growth of e-commerce could have significant impacts on
environmental management, through what may turn out to be subtle mechanisms.

Expected developments in ITEC may have unexpected impacts on sustainability - on the
ability to stabilise new ways of working, and even of organising society, around the new
products and processes technology will provide. This topic is discussed further in section 3.6.
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3 Conclusions and Recommendations

3.1 | Rationale

In this section the Group outlines its recommendations for action. These are based on the
initial thoughts and preliminary observations that were made in A Consultation Document,
revised in the light of the feedback received.

The Group sees the steps involved in moving from the Foresight process through
to deciding policy as the following:

m finding and characterising market and product opportunities;

m identifying the technologies and product areas required to exploit them;

I targeting research to ensure the necessary technologies, products and systems
are available to the UK;

m developing and supporting the skill base to ensure the right skilled people are available;
m ensuring that the proposed responses to the opportunities are sustainable - socially

and economically.

The Group has developed its recommendations in this general framework.

Issue: The ITEC Group was surprised to find little reliable information about strengths and
weaknesses of the ITEC industries in the UK, and little further emerged from consultation.
The Group believes that accurate and up-to-date information on this topic will be essential
in guiding policy and establishing priorities.

Recommendation: The UK should institute urgently a year-on-year review of this topic,

to build up a reliable picture of the UK's strengths and weaknesses in relevant fundamental
research and in the design and development of high-technology hardware and software.
The review should also encompass the companies that manufacture and sell software.

Action: DTI
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Market Opportunities

In section 2.4.3, it was argued that the growth of applications of ITEC technologies will

provide numerous market opportunities, which the UK is basically well-equipped to exploit.

However, as a first attempt at discerning detail, the following were offered as areas in which

the UK could establish and maintain a lead, or at least remain a major player:

mobile services;

m digital products;

non-volatile/low-power devices;
e-business and e-government;
educational services;

provision of digital content;
photonics and optoelectronics;

support for leading-edge research.

Issue: The economic benefits of the Internet could be restricted if certain barriers implicit

in its growth are not overcome. Key examples are fears among users about security, the

integrity of the payments they make, and the accuracy of information stored about them.

Another important field includes the technologies required for accessing large volumes

of data (including search engines and search methodologies). These may be particularly

important in mobile use of the Internet.

Recommendation: There should be an emphasis on supporting key enablers for the

Internet in research funding and public policy making.

Action: DTI, Research Councils (EPSRC)

CONSUMER PRODUCTS

The group'’s ‘visions' of the next 15 to 20 years include a proliferation of consumer products.
Typically, ITEC delivers services via products, and the growth we foresee in the demand for
both is the basis of finding huge opportunities in this area. The UK may be well positioned
to understand and develop services (and in any case, some have a geographical base).

But the UK has often missed out on market booms in manufactured products in the past?3.
Partly it will be argued this is caused by a complex interaction of different factors -
economic, social, historical and technical. Whatever the precise cause, we distinguish three
broad types of response. The UK could:

1

simply accept that it is no longer able to dominate manufacturing of technically
advanced products, and live with the need to import substantial ‘hardware’;

23 Although, for example, BREMA estimates that a significant proportion of digital TV receivers are manufactured in the UK.
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2 make the very considerable investment of effort and money needed to make the
country into a leading manufacturer of the products concerned; or

3 adopt some intermediate strategy that makes use of its strengths and, within a global
context, operate in sectors and niches that add significant economic value.

The key to encouraging exploitation of new technology may be in finding long-term
solutions to the problem of providing the right environment (and the right financial
mechanisms) for supporting the growth of small high-technology companies.

Issue: The UK must ensure that its fiscal policy underpins the growth and development
of ITEC companies, particularly in encouraging technology-led start-ups. The UK needs
to ensure that it remains an attractive location of technology-driven investment.

Recommendations: The UK should institute a review of taxation and other policies
designed to promote industrial R&D, and encourage entrepreneurial activity. The aim
of the review would be to ensure that the correct environment is in place to encourage
exploitation of advanced technologies in ITEC:

facilitating collaboration between academia and business in developing innovative
products and services;

encouraging investment in the development of new technology businesses - especially
at the seed stage and during early growth of the company;

stimulating innovative business activity by large companies for example through
corporate venturing, and the creation of spin-outs.

Action: HM Treasury, DTI, OST

Whatever future strategy is chosen, it is likely to be characterised by:
M encouraging inward investment by leading manufacturing multi-nationals;

m choosing a few key long-term technologies in which the UK could ‘leap-frog’ volume
producers of conventional products;

M adopting and excelling in a particular role within global manufacturing where the UK
can dominate a niche.

Beyond the physical manufacture of products, it is possible to envisage how the UK could
build on its skills in design to devise innovative products, own the intellectual property (IP)
in them, and perhaps produce the software to drive them. Anecdotally, both computer
games and mobile phone handsets depend strongly on UK software skills.
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Issue: There is concern that existing rules on intellectual property are constraining

innovation by not allowing inventors sufficient benefit from new software, and by being
sufficiently complex as to discourage them from obtaining the protection currently
available.

Recommendation: The UK should review the law on the patenting of computer software,
especially in the context of emerging EU rules in this area.

Action: DTI

The ITEC Group cannot offer instant solutions to what has been regarded by some as an
intractable set of problems. (The work of the Foresight Manufacturing 2020 Panel?* is
valuable in describing future challenges for UK manufacturing.) But it can and does point out
that the scale of the opportunities in the medium and long term justifies the effort required
for a re-think. At the very least, it would help to have a reasoned strategy for the UK in the
face of the challenges it identifies.

Issue: The Group endorses the view of the Manufacturing 2020 Foresight Panel that
technology and innovation are key enablers of manufacturing in the future. The Group
believes the UK can still be a player in high-volume consumer product manufacture,
especially by developing and deploying state-of-the-art techniques.

Recommendation: The UK should encourage the development of enabling technologies

in ITEC consumer product manufacturing to retain a significant UK capability.

Action: DTI

The EU Futures Project has issued a report?> on the areas of future high-technology
production in which Europe should invest in order to remain competitive. Two key areas
are identified:

m  high-technology components with the requirements of user-oriented design;
m ‘new types of services...under the heading of information or knowledge-intensive services'.

The Group judges that a similar exercise for the UK would be valuable provided that it
commanded support from stakeholders.

24 We Can Make It, a consultation document, Manufacturing 2020 Panel: DTI, March 2000.

25 'The Futures Project: The Competitiveness Map' Weber, K., Zappacosta, M. and Scapolo,
F. European Commission, December 1999.
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3.2.2 | SEMICONDUCTOR INDUSTRY

The UK semiconductor industry presents many of the same problems as the broader issues
of manufacturing. Advances in ITEC clearly depend on a range of underpinning physical
technologies (see the ‘ITEC Technologies’ document for a working classification of
technologies used by the Group).

The Group has no doubt that key ingredients needed to maintain the phenomenal rate
of growth within the ITEC sector are new and improved functional materials and devices
and a strong focus on nanoscience and nanotechnology (see section 2.3).

Semiconductor-related industry is of immense importance to the economy in Scotland, and
indeed in other parts of the UK including north-east England and Wales, strongly supported
by inward investment from semiconductor multinationals.

The Materials Foresight Panel has investigated the future of semiconductor and
optoelectronic materials in its Report.

We note that while historically, semiconductor multinationals have not tended to do much
‘high level R&D' in the UK, rather it has been the manufacturing-oriented skill base that is
attractive. On the other hand there is a clear trend of more and more electronics
multinationals setting up some kind of R&D facility in the UK.

So the position is, that while we do not have an indigenous industry to exploit it, doing basic
research in semiconductor technology seems to build a skill base that inward investors find
attractive. But such investors, we perceive, rarely seem to use any of the actual UK
technology - only the skills which were built up during its creation.

Nevertheless, the UK has strengths in companies that design advanced chips, and profit
by licensing the designs throughout the world, rather than manufacturing them.

Whatever the particular projects backed, the Group recommends that the Research Councils
continue to support basic research in semiconductor technology and manufacturing in
order to build and sustain a skill pool for others to re-direct and exploit. This may be the best
way to maintain a UK stake in these increasingly globalised technologies.

There may of course be new disruptive technologies in which the UK could establish an early
lead. The Group recommends the establishment of a feasible strategy for any that seem
promising (and see the recommendation ‘Disruptive Technologies', section 3.3.5).

The Group notes the work of the Foresight Materials Panel on this topic, and the reader
is referred to the Panel's Final Report for its analysis and conclusions.
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Fertile Areas for Research

OVERVIEW

It is necessary to establish the underlying technologies required for the UK to make use of
the opportunities arising as ITEC technologies develop. These needs can then be compared
with the technologies in which the UK already has strengths. The decision can then be made
whether to invest in particular research areas - through Government and Research Council
funding, if private industrial work is not sufficient.

Although in this section, we comment on specific fertile areas, we wish to
emphasise that this does not mean that areas we do not mention are excluded.
First, the Group identified top-level challenges for research that include:

producing reliable, usable, dependable pervasive software;

development of accessible secure information systems;

intelligent ‘knowledge’ systems;

data storage and maintenance;

high-speed computing applications for medicine, environment etc, scalable networks;

advanced visualisation/user interfaces;

optoelectronic devices and communication systems;

M social and economic impacts of IT.

Second, in approaching this topic, the Group has been aware of the need to ensure that the
UK's efforts tie in with those of our EU partners. A recent EU report?® compared recent
Foresight outputs from EU states. It identified ‘Priority ICTs (Information and Communication
Technologies)’, and found two main themes: ubiquitous computing, and knowledge
management tools.

The first of these encompasses the concepts of:

m cheaper powerful computers;

B advanced displays;

M advanced interfaces; and

m growth in the communications network and the bandwidth available on it.

‘Knowledge management tools' include:

M advanced software engineering;

data capture, mining and warehousing;
software agents;

voice language and pattern recognition;

artificial intelligence.

26 'The Futures Project: Technology Map’ Cahill, A., Scapolo, F. European Commission, December 1999.
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Interestingly, the report sees Europe as generally weak in ‘ubiquitous computing and the
underlying electronic technologies’, but in relation to knowledge management it discerns
‘a more encouraging picture’.

In the following two sections are presented the Group's suggestions for fertile areas for
research. The Group has picked out certain themes which it considers should be supported
in funding decisions because they promise exceptional returns. The Group is acutely aware
that there are numerous thriving areas of research that underpin ITEC, and omission of a
subject from this list does not of course imply that we think these are not worthy of
receiving funding.

Rather than try to impose our priorities on the research areas, we have presented them in
the technology framework the Group has used in its companion document /TEC Technologies.

3.3.2 | BASIC TECHNOLOGIES?”

Advanced electronics, photonics and magnetics

Semiconductor, optoelectronic and magnetic materials and devices are all important and
hybrid systems involving more than one material type are likely to offer exciting possibilities
for the future. The physics of materials and condensed matter has much to offer. These
fields are crucial to the future of information technology and telecommunications, and it is
essential to build on UK strengths in research and development.

Nanoscience and nanotechnology

Nanoscience and nanotechnology are important both in the continuing miniaturisation
of semiconductor devices, and for the more speculative commercial applications

of the technologies?®.

Low power/non-volatile devices

It has been argued that mobile access to networks will be an important enabler of the
Information Society, and for this low power/non-volatile devices will be crucial. Storage,
display and computing technologies will all be important.

Theoretical computer science

The Group considers that the UK should build on its strengths in this field, because it will
be a good long-term source of new technologies. The ‘visions' of technology applications
presuppose significant advances in the knowledge and methods of computer science
and it is important that the UK remains a leading player.

The Group notes in passing that an exception to UK strength is in the study of practical
algorithms - the methods that actual programs employ to achieve the desired effect. This is
potentially a serious national weakness, and the Group recommends that consideration be
given to targeted programmes and other methods of encouraging this field specifically.

27 These were called 'Physical’ technologies in earlier ITEC Group documents.

28 See the Foresight document Opportunities for Industry in the Application of Nanotechnology.
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FUNCTIONAL TECHNOLOGIES

Internet security and e-commerce enablers

Continued growth of use of the Internet, and its full development as a medium of
e-commerce and e-government, both depend on certain key enablers?®. The Group
identifies meeting users’ concerns about security and trust on the Internet as important
among these (see the recommendation in section 3.2) The UK is well positioned

to pursue research on cryptography, payments systems and other aspects of security.

Information handling and management

The visions assume several key advances in the processing of information. In particular, it is
assumed that information will be made available from a large variety of databases. The Group
is concerned that several proposed benefits of the use of advanced ITEC methods for large
databases rely on classifying and tagging data to ensure that its context and meaning can be
reconstructed in different contexts.

The recent growth of the Internet has led to interest in XML and associated
recommendations from the World Wide Web Consortium (W3C). The UK is currently
providing input to various groups within W3C and must continue to do so, not just to
develop internationally accepted standard methodology, but also to exploit the knowledge
in products and services for ‘UK plc'.

The Government's ‘e-government’ report*® is supported by a set of policy documents
already published on the web, including statements on Electronic Records Management®';
and on a Metadata Framework32. Given the global nature of the web, there is clearly also
an international dimension to this issue.

The Group recommends that the development of markup languages, and other methods
of capturing metadata in-line, are supported as needed and that the UK Government takes
a full part through suitable intermediaries in any international standards work in this field.

Social inclusion

Continued research is needed to obtain the knowledge needed to frame effective policies
to encourage social inclusion - that is to say enabling all members of society to benefit from
advances in ITEC (and see section 3.3.6 on special needs).

User interface and virtuality

The ergonomics of the user interface is a very important determining factor on the
acceptability and uptake of new technologies, and may also be important in affecting access
by marginal technology users to the benefits of ITEC systems. The Group's ‘visions' of future
uses of technology assume a wide variety of seamless interactions between users and
machines, some based on successful implementations of ‘virtual reality’ displays. UK strengths
in ergonomic research, in display technology, and virtual reality should be further developed.

29 See the Foresight Retail Panel e-commerce Task Force report, Clicks and Mortar: The New Store Fronts DTI, February 2000.
30 E-government. A strategic Framework for public services in the Information Age Cabinet Office, April 2000.
31 http://www.iagchampions.gov.uk/guidelines/erm/erm.html

32 http://www.iagchampions.gov.uk/guidelines/metadata/metadata.html
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Intelligent systems (knowledge-based systems and agents)

Intelligent and knowledge-based systems (KBS) are seen as essential in the future
maintenance and handling of vast quantities of data, in extracting meaningful information
from them, and eventually in making delegated decisions on behalf of human beings.

3.3.4 | FRAMEWORK TECHNOLOGIES

Computational grids

The development of computational grids clearly provides an exciting opportunity for the
UK, possibly in collaboration with EU partners. There is an important role for the computer
scientist in the longer-term underpinning of this development, which must start now, to
make a future Grid effective for both science and industry. The main areas of knowledge
supporting a Grid are advances in high-performance computing, interoperability and
distributed computing.

Software and systems engineering

Key challenges to be met if ITEC is to flourish include: producing reliable, usable,
dependable pervasive software, and the development of accessible secure information
systems. Research in areas that address these challenges should be supported.
Improvements in software engineering have a vital role in combating threats to stable
productive (and international) networks from hackers and criminals.

Content management
Effective methods of managing digital content are assumed in many projections of future
applications of broadband. Research in this area should be explicitly supported.

Mobile broadband and mobile Internet

Important basic technologies for mobile use of broadband and access to the Internet have
already been described. However research is also needed in such areas as mobile operating
systems, wireless systems including radio, and network planning and implementation.

3.3.5 | DISRUPTIVE TECHNOLOGIES

The Group is particularly interested in research areas which may be highly important in the
medium to long term, but which are currently regarded as having remote prospects of success.

Often these will be ‘disrupters': technologies that currently do not seem to offer many
advantages but which have the capability to change the landscape completely when they
come to fruition. In our work on technologies we have come across many possible
candidates, and we highlight two here.

Quantum computing

Quantum computing is a research area that has strong potential impact on information
transfer, processing and security. Although it is difficult to assign timescales to the
application of any of these techniques, their ultimate potential may be large. Spin states
of materials provide a plausible physical medium for the desired processes, but practical
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computing devices are still far off. The UK has potential strengths in the relevant research
fields: both quantum communication theory, and the kind of skills needed to fabricate
research-scale devices.

Molecular computing
Molecular computing (for example using DNA) provides an interesting example of biology
feeding back methods into ITEC, but is at too early a stage to judge its potential.

Issue: Progress in ITEC is often driven by the emergence of disruptive technologies.
By their nature, these are unpredictable, and the UK needs to be flexible and rapid in
response because the rewards from exploiting them can be great.

Recommendation: The UK should establish an effective mechanism, together with a fast-

track methodology, to identify and exploit disruptive (i.e. non-predictable) technologies.
This should include incentives to existing industry and research bodies to identify
technologies in this category, and propose funding priorities in whatever areas (R&D,
exploitation, etc.) are appropriate.

Action: Research Councils, DT, industry bodies, learned societies

SPECIAL NEEDS

ITEC technologies have the potential in the future to alter the relationship between human
beings and machines in the broadest sense (refer to ITEC Visions for some examples).

With some design skill, these new capabilities of machines and devices can be harnessed
to help those with special needs.

We might include in this any or all of these categories of people with special needs:

those with physical disability;

those with some types of mental disorders;

the very elderly;

people with learning difficulties;

people with sub-optimal hearing/sight.

Although many people are already convinced that specific ITEC technologies can help
meet some special needs, we should not take too narrow a view of what ITEC can do.
We recommend a fundamental and broadly-based investigation of all the possible areas
where ITEC could help. We note that this concern is singled out in the 5th Framework
Programme of the EU.
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3.4 | Mechanisms of Research Support

The Group has considered how ITEC research would ideally be supported by Government.
Evidently progress in ITEC is underwritten by advances in all the enabling technologies
identified in the ITEC Technologies document, and the Group has not at this stage identified
particular gaps in existing Research Council support. In this section we highlight some issues
which we judge are important for ITEC.

3.4.1 | MULTI-DISCIPLINARY RESEARCH

The Group believes a difficulty may arise generally with applications for grants which
although they involve ITEC methods, have a research agenda that ostensibly lies outside IT.
As an example, the use of advanced computer hardware and software in the modelling of
complex systems in materials may not involve especially leading-edge materials physics, and
the computing, although high-capacity, may not in itself be revolutionary. But the work may
provide significant ‘added value’ - in fact the results may be totally novel - through a new
research application of IT. In addition, it often turns out as the work progresses in projects
of this kind that there is a need for innovative computer science after all.

The Group believes that care must continue to be exercised to ensure that such novel but
multi-disciplinary uses of IT are not unfairly penalised in research funding by falling between
two traditional subject fields. If necessary, a new stream of Foresight funding should be
reserved for the purpose. The Group is encouraged by the announcement?? of EPSRC
Interdisciplinary Research Collaborations34,

In photonics, the recent review recommended that EPSRC ‘develop a consistent and cohesive
approach to photonics across all relevant Programme areas which encourages interdisciplinary
collaboration and facilitates interactions with industry.’ This seems particularly appropriate
in photonics, which relies for success on combining several traditional areas of science such
as physics, materials science, information technology and engineering.

As a further example, the Group has noted the UK strength in graphic design (see section
2.4.1). As increasingly sophisticated packages for manipulating images and multimedia
become available, and user interfaces become more and more important in delivering IT,
there is clearly scope for interdisciplinary research between conventional computing and IT,
and work in graphic arts.

33 http://www.epsrc.ac.uk/documents/press_releases/pn0400_nw0.htm

34 Oneis jointly funded by the MRC.
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Issue: Progress in applying ITEC techniques to specific applications can be held back
by traditional subdivisions of topics in research and its funding.

Recommendation: The UK should encourage the development of its research strengths

through multi-disciplinary programmes involving ITEC - if necessary with a new stream
of Foresight funding.

Action: Research Councils, DTI

VIRTUAL CENTRES OF EXCELLENCE

The concept of Virtual Centres of Excellence (VCEs) was a product of the first phase

of Foresight and the Group has considered how successful it has been. The final report
of the (then) Communications Panel recommended that ‘At least two [VCESs] specialising
in particular areas of communications technology should be established with joint
funding from industry and the research councils'*°.

One such VCE in Mobile and Personal Communications, established in 1996, has successfully
completed its first three-year programme involving over 20 companies and 7 universities.
The innovative structure of the VCE approach provides access to the highest quality
academic skills and staff, ensures that the research is industrially relevant, yields valuable
intellectual property and helps increase the number of skilled people in the relevant sector.

These benefits suggest that there is a role for VCEs in the portfolio of research support
schemes. The European Parliament has recently adopted a report recommending the
creation of a European Research Area incorporating VCES.

SOFTWARE ENGINEERING

Software engineering requires funding for fundamental research. It particularly requires
long-term stability: for an idea to be taken all the way through to adoption and use may take
ten years. Funding will also be required for substantial software development effort, which
is often poorly supported by existing research arrangements. Support for long-term
partnerships of universities and industry on a bilateral basis rather than for large consortia
and heavily managed programmes may fit the field better.

ITEC TECHNIQUES AND EQUIPMENT FOR EDUCATIONAL USE

The Group believes that IT can contribute to leisure and to education in rather similar ways.
The technology for reading about calculus is similar to the technology for reading about
holidays in Bali. The technology for doing exercises in the calculus is similar to the

35 Progress Through Partnership 6: Communications. Office of Science and Technology, 1995.
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technology for solving online puzzles. Distance learning is technologically very similar to
distance playing. Both tend today to be very solitary activities, and solitary activities are not
always a good thing.

Re-socialising distance learning can be done using much less bandwidth than full-blooded
video conferencing. It is possible to have quite good interactions in which people manipulate
avatars of themselves; a recent experiment in virtual TV rehearsals shows the way. A multi-

person Internet game is rather similar to a multi-person Internet seminar or discussion.

The Group wishes to point out that the leisure market is a mass market, that mass markets
make competition and lower prices, and that these low prices make educational use feasible.
In the view of the Group, it may often not be appropriate to build specialized low-volume
equipment for the education market which is often then not able to afford it.

The Group believes that computing excellence in the leisure, entertainment and games
arena (hardware and software) does and will permeate new applications such as learning
and instruction. Accordingly policy should ensure that advances in games and
entertainment technology are captured for more serious uses wherever they are suitable,
in preference to insisting on the development of separate educational devices.

3.5 | Skill Base

The skill base emerged from the Group's analysis as a source of both opportunities and threats.

The IT, Communications, and Electronics Skills Strategy Group, which was established in
January 1999 to ‘advise on the development of a national strategy to meet the skill needs

of the IT, communications and electronics (ITCE) occupations’, reported?3® late in 1999.

The ITEC Group supports the recommendations in this report in as much as they address the
specific technology areas in ITEC. The ITEC Group has some specific comments to add which
it hopes can contribute to the discussion.

Academic entrants in ITEC

The analysis of threats in section 2.4.4 identified a need to make academic teaching and
research in the academic subjects that underpin ITEC more attractive to lecturers, research
assistants, and postgraduate students. Although the ITEC topics are becoming more popular
for undergraduate courses (computer science is the most heavily oversubscribed subject),
even this is not uniform in that there is a decline in students choosing electronic engineering,
for example. If not enough of these students go on to a PhD and an academic career, there
will be difficulty providing teachers for the next generation.

The Group urges a reconsideration of targeted incentives, akin to the special salary scale
for lecturers in clinical medicine, to avert the broader threat to the academic study of ITEC.
Action needs to be considered now to achieve results in the Foresight timescales.

36 Skills for the Information Age. Final Report from the Information Technology, Communications and Electronics Skills Strategy
Group. DfEE, 1999.
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Basic software skills in first degree courses

To increase the pool of people with software skills, it may be necessary to review the status
of software engineering elements of first degree courses, not only in natural sciences and
engineering, but also in social sciences and the humanities.

Non-specialist users of ITEC

Related Task Forces of the ICM Panel, ‘The Learning Process in 2020', and ‘The Future and
Development of Information Relationships’, are considering the general social issues raised
by ITEC in relation to education and the learning experiences of society at large. It is not yet
clear whether or not there will be a need for general education in how to use ITEC products
in the Information Society to avoid a split in society between those with access to the new
technologies and those without.

Women in ITEC
The ITCE Skills Strategy Group noted ‘women are so under represented in ITCE-related
courses and the ITCE occupations that further specific actions are called for.3”

To increase recruitment of women into ITEC occupations, the ITCE Skills Strategy Group
suggested renewed efforts to promote ITCE careers to schoolgirls, and recommended that
the UK should learn from countries with higher proportions of female university students
on mathematics and computing courses.

We note that advances in ITEC as described in the ‘visions’ may have a role in encouraging
women returners’ by providing even more flexible ways in which ITEC workers in general
can pursue their careers.

Role of re-training

A possibly fertile source of skilled personnel in ITEC is the re-training of people already in
ITEC occupations whose skills have become outdated. Often, individuals will take
responsibility for this, whether as part of their role in a company, or as freelances. However,
it might be beneficial to make it easier for people to undertake retraining within ITEC,
whether permanently employed or contractors.

Graphic design

The UK is strong in this field, and at least in relation to computer games and related
software, there is a reported skills shortage. The Group recommends that in implementing
the report of the ITCE Skills Strategy Group, the Government should ensure adequate
support for institutions that provide courses aimed at developing skills in graphic art as
applied to IT and computing, especially if these are art colleges and university departments
not naturally classified as ITEC. These skills should be added to the list of long-term strategic
talents needed to sustain native and inwardly-invested IT in the UK.

37 Ibid, p. 23
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Issue: The UK must build up its ITEC skill base in several ways. There is both an urgent
shortage of skilled people, and also the need for increased awareness of ITEC to create
a general population of informed users. The Panel welcomes the work of the ITCE Skills
Strategy Group but believes that substantially greater resources are needed to match
the scale of the problem, and allow the UK to increase its competitiveness.

Recommendations:

a) The attractiveness of ITEC needs to be highlighted at all levels in schools. Means and
incentives must be found to encourage young people to consider careers in ITEC,
for example through specialist careers advice in collaboration with ITEC businesses,
and a network of school-based clubs to supplement the curriculum in fostering
children’s interest in topics such as electronics and computer sciences. Incentives
aimed at improving recruitment of high quality IT staff in schools should be reviewed
and increased if necessary.

In further and higher education, difficulties in attracting and retaining qualified teaching
and research staff in subjects related to ITEC should be eased by improving incentives

for recruitment.

The shortage of people for highly-skilled ITEC jobs should be addressed by encouraging
employers to recognise that a variety of entry routes and skills are appropriate, by
companies attracting ‘returners’ (including by flexible use of home working), and by
establishing a framework for lifelong learning and re-skilling in the relevant disciplines.

People working in jobs in other sectors also need greater access to training in ITEC skills
in order to enhance their employability and to achieve the greatest possible productivity
gains throughout UK business.

The population at large should be equipped with basic skills to enable them to cope with
the Information Society and their role in it, so that they can become informed
consumers of advanced products and services.

Action: DfEE, DTI, Business Support Organisations, National Training Organisations

3.6 | Sustainability and ITEC

3.6.1 | SUSTAINABILITY

A difficulty in framing recommendations for sustainability is that this topic is defined and
used both narrowly (to mean environmental management) and also much more broadly (to
cover an enormous range of fundamental social, economic and political attitudes).

The ITEC Group considers that the ICM Panel is covering the social issues through its Task
Forces on the ‘Future and Development of Information Relationships’, and on the ‘Learning
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Process in 2020’. Both will be supported by the cross-Foresight E-Commerce Task Force.

An ambitious study of the role of e-commerce in sustainable development, to be carried out
by a consortium managed by Forum for the Future, is due to report in March 2001. The Panel
expects public debate to benefit from the results of this work.

There is a further dimension - namely how ITEC can be used to help minimise environmental
impacts, including for example, substituting for travel and transport, and optimising

control and efficiency. The charting of this area of influence in ITEC is likely to be a complex
undertaking3®. The Group believes this will be most naturally covered by the specialist
Foresight Panels concerned, although possible applications are to be found in the
accompanying ‘ITEC Visions' document.

The ITEC Group has therefore considered the narrower but still important issues of sustainable
development in relation to the ITEC manufacturing base, and technology infrastructure.

ENVIRONMENTAL MANAGEMENT IN ITEC

Environmental management within the electronics, IT and telecommunications industries is
a complex subject. Generally, the Group expects ITEC to have a lower environmental impact
in relation to its share of GDP than the traditional manufacturing and distribution industries.
The US Semiconductor Industry Association roadmap*® now lists environmental challenges
for the industry, including (in the 1997 Roadmap) safety assessments of new chemicals,
reduced emissions of perfluorocarbons, and the need to reduce energy and water use.

The Group thinks that in future, complex electronic products are likely to become more
‘throw-away' commodity items than the sophisticated speciality devices that PCs and mobile
phones have been until recently. At first sight, this will add to potential pollution problems -
both in requiring higher manufacturing volumes; and in disposal, where relevant
considerations may be recycling precious metals and safe disposal/recycling of portable
power packs. The European Commission’s proposed Directive on Waste from Electrical and
Electronic Equipment tackles many of these issues and the debate has provoked strong
reactions from stakeholders.

On the other hand, as ‘commodities’, electronic devices may have much more stable
specifications - encouraging re-use of components or complete devices, even against the
background of advances in enabling technologies.

Overall, there may be particular rate-limiting steps caused by environmental considerations
that threaten expansion of ITEC into new application areas. These might be particular needs
for scarce materials, or the need to limit emissions and waste products*©,

38 There are some interesting indicators in the EU Report cited above: The Futures Project: Technology Map, Cahill,
A., Scapolo, F. European Commission, December 1999, pp 41-42.

39 National Technology Roadmap for Semiconductors. Semiconductor Industry Association, 1997.

40 See for example, Industrial Environmental Performance Metrics, pp 107-127. National Academy of Engineering (US), 1999.
This report suggests incidentally that semiconductor companies are leaders among US firms in environmental reporting.
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3.6.3 | SUSTAINABILITY AND THE RADIO SPECTRUM

The Group considers that the planned use of the radio spectrum is an example of the wider
type of sustainability issue. Although of course spectrum is not irreversibly consumed - unlike
certain natural resources - the way it is used can have quite serious economic and social
consequences. The UK auction of spectrum for third-generation mobile services has
attracted great interest and has provided a substantial contribution to Government finances.

With greatly increased demand for radio communications, new technologies are continually
improving the efficiency with which radio bandwidth can be used, but there are underlying
physical limits to what can be achieved by these means.

Moving services between wavebands to avoid interference has obvious implications
for redundancy of equipment and consequent waste.

Issue: The UK must ensure that its regulatory environment develops to meet the challenges
of future converged markets in ITEC and digital media. Regulation must be effective but
responsive enough to deal with new challenges. For example, it must ensure responsible use
of broadband access whilst encouraging companies of every size to make the best use of
the commercial opportunities that arise.

Recommendations: Specifically, policies must be designed to achieve internationally
agreed open standards in electronics, computing and telecommunications with the aim of:

maximising the opportunity offered by the available radio spectrum, by ensuring
responsible and sustainable use of frequencies;

ensuring that infrastructure provision for new technologies can allow growth
of the UK user base to establish a critical mass of users;

reducing barriers to market access by new entrants;
encouraging interoperability of new products to limit environmental impact

by keeping the proliferation of consumer devices to a minimum.

We recommend that consultation for any forthcoming legislation take account
of these concerns.

Action: Radiocommunications Agency, OFTEL, DTI, DETR
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What happens next?

Following the publication of the report of the ICM Panel, and its key recommendations, the
Panel and its Task Forces will work with the business, Government and academic organisations
identified to turn its findings into action for the benefit of the UK economy and UK citizens.

To underpin this process, the ITEC Group presents in this document a detailed consideration
of the key issues as they impact on its area, together with specific and more

comprehensive recommendations. Other ICM Task Forces will be producing their reports
over the coming weeks.

The work of the Panel and its Task Forces is ongoing. The Learning Process in 2020 Task
Force will continue its dialogue with key stakeholders, and the Information Relationships
Task Force work will be considered together with other Foresight e-commerce activities.

The Panel will also consider the best mechanisms for taking forward its work, including
which of its recommendations are prospective candidates for the £15 million fund
announced in the Science and Innovation White Paper or other potential funding streams.
It will also identify emerging areas for future Panel consideration and the most appropriate
way of taking forward its new agenda.

Sustainable development

In addition to the recommendations in this report on sustainability, the Foresight
programme is collaborating with the Forum for the Future’s - Digital Futures Project.

The Digital Futures project is looking at the social and environmental sustainability aspects
of the digital economy, and is due to report in March 2001. The project is supported by

14 corporate partners and 4 Government organisations. Given the comprehensive coverage
of the Digital Futures project the ICM Panel intends to consider and respond to its findings.
The Digital Futures Project is a Foresight Associate Programme.

Associate Programmes

Institution of Electrical Engineers (IEE)

The IEE Associate Programme’s initial report, which is available at http://www.iee.org.uk,
deals with the effects of developments in ICT on the provision of education and learning,
with particular reference to basic general education in primary and secondary schools.

In the light of other work being undertaken, it has limited its investigation to pre-tertiary
non-vocational education and looks forward 15 to 20 years.

British Computer Society (BCS)
The BCS Associate Programme has been examining some of the application issues (digital
signatures, IPR, electronic payments), arising from developments in e-commerce from

an IT professional’s viewpoint.

www.foresight.gov.uk




Other Related Programmes

Information Age Partnership (IAP)
The Information Age Partnership (IAP) was created in March 1998 to help the UK to achieve
leadership in the Information Age. Its aims are to:

B Provide a forum for effective dialogue between Government and the ITEC industries
m  |dentify key issues where Government-industry partnership can make a difference

M Undertake and resource initiatives to accelerate early adoption of the Information
Age across business and society.

The IAP R&D Strengths Task Group was set up in early 2000 to survey UK R&D strengths

in the main ITEC fields and application areas, to map these on to important areas of
opportunity - for example, those identified in the Foresight projects - and to make
recommendations designed to enhance the prospects of success for UK firms in exploiting
these opportunities.

The DTI has contracted consultants (PREST and CRIC) to carry out the survey by March 2001.
The Task Group will then, in conjunction with the ICM Panel’'s ITEC Group, undertake the work
of mapping the strengths on to areas of opportunity, and of preparing recommendations.
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Appendix A
The consultation process

The ICM Panel established three inter-related Task Forces to consider the long-term
developments in the emerging digital environment, namely,

M Information Technology, Electronics and Communications

B The Future and Development of Information Relationships

B The Learning Process in 2020

Like other ICM Panel Task Forces, the ITEC Group produced its own consultation report
outlining its initial ideas and thoughts together with any preliminary findings and

conclusions. Copies of the consultation reports are available on the Foresight website
http://www.foresight.gov.uk.

To encourage debate and to stimulate a response to the Task Forces ideas, the reports were
distributed to over 3,000 key stakeholders, both as individuals and organisations, across

business, Government and academia.

In total, the Task Forces received over 140 responses to the consultation exercise, and a list
of respondents is annexed. Copies of the individual responses are available on the Foresight

website. In developing the key recommendations contained within this report, the ITEC

Group has taken into consideration the feedback received to the consultation exercise.

The ITEC Group would like to add its thanks to those of the Panel to those individuals

and organisations who contributed to the consultation exercise.

LIST OF RESPONDERS TO ICM PANEL CONSULTATION DOCUMENTS

Abbey National

Association of Independent
Research & Technology
Organisations

Alcatel

AOL

Bank of Scotland

BBC

Blencartha Productions
Brian Ridsdale

British Association for
Information, Library
& Education Research

British Geological Survey

British Institute of Retailing

British Music Rights

BT

BT Cellnet

BUPA

Business Links - Sandwell
Cable & Wireless
Christopher Ling

CIS Teleport

Civic Trust

Council for Museums,
Archives & Libraries

Coventry University
Cox & Booth Ideas

Cranfield University

Department of
Environment, Transport
& Regions (DETR)

Department for Education
and Employment (DfEE)

Department of Trade
& Industry (DTI)

Douglas Westwood
Associates

Edinburgh’s Telford College
Engineering Council

Engineering and Physical
Sciences Research
Council (EPSRC)

Ergonomics Society
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European Education
Partnership

Further Education
Development Agency
(FEDA)

GAMBICA
Gavin Foster
Glenrothes College

Glasgow Caledonian
University

Glasgow Telecolleges
Network

Growth Challenge
N. Ireland

Guildford Educational
Services

Higher Education Funding
Council of England (HEFCE)

Hewlett-Packard
Highways Agency
HTI

ICL

International Electronic
Publishing Research Centre

Institute of Direct Marketing
Institute of Education
Institute of Physics

Institution of Mechanical
Engineers

Learning & Business Link
Company

Lord Howell of Guildford
Loughborough University
Martyn Thomas

Mike Allan

Mobile VCE

National Association for
the Care and Resettlement
of Offenders (NACRO)

National Consumer Council

National Educational
Research Forum

Information, Communications and Media Panel

National Training
Organisation for
Engineering Manufacture
(EMTA)

OCR Examination Board

Office of
Telecommunications
(OFTEL)

Orange Plc
Patent Office
PCIF

Pete Spindley
Pira International
Playing Safe Ltd

Professional Contractors
Group

Professor Sir Graham Hills

Qualifications & Curriculum
Authority (QCA)

Queens University Belfast
Real Time Club
Richard Marriot

Royal Academy
of Engineering

Royal College of Physicians
Edinburgh

Royal Holloway, University
of London

Royal Society of Edinburgh
RSA Security
Sainsburys

Scottish Further Education
Unit

Scottish Power

Seagate

SEMA Group

Sheffield Hallam University

South Yorkshire Passenger
Transport Executive

Steve Creed

Stow College

Sussex University - Institute
of Employment Studies

Tesco

The British Radio &
Electronic EQuipment
Manufacturers' Association
(BREMA)

The Henley Centre for
Forecasting

The Library Association
The Newspaper Society
The Post Office

Time to Market Association
Trades Union Congress
University College, London

UK Consortium on
Photonics and Opto-
electronics

University of Dundee
University of Essex
University of Glasgow

University of Surrey -
Roehampton

University of Surrey
University of Teeside
University of Ulster

University of the West
of England

University of
Wolverhampton

Vis Interactive
Vodafone

Welsh Education Funding
Council

Worshipful Company of
Information Technologists
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Appendix B
Consultation questions

Below are reproduced the specific questions posed in the ITEC Group's A Consultation Document.

SWOT ANALYSIS OF ITEC IN THE UK

1 Are there data from previous work on sectoral strengths and weaknesses in the UK ITEC
sector that the Group can use to progress this analysis?

2 Do stakeholders know of particular strengths, weaknesses, opportunities and threats
that should be added?

3 Isthere any reason to think that growth of the ITEC sector will be inhibited if short-term
investor sentiment on ‘dot-coms’ remains negative in the long run?

MARKET OPPORTUNITIES
1 Are there other major opportunities, not captured in the document, for ITEC in the UK?

2 The document presents a view of the strength of manufacturing of consumer products
in the UK - do stakeholders have any data that would challenge or confirm this view?

3 Isitappropriate to devise a strategy for manufacturing hardware, or should the UK

specialise in design, software, and services?

4 Which considerations can be the basis of a rational strategy for the UK

semiconductor industry?

5 What should be done to encourage further the formation and growth of ‘spin-out’
companies, to exploit advances in university or corporate R&D that don't fit the
investment criteria of established companies?

FERTILE AREAS FOR RESEARCH

1 Are there other important fertile areas for research in ITEC, not mentioned in the
document, that deserve attention?

2 Can stakeholders provide information to help the Group map in more detail how private
and public source contribute to supporting research in any of the fertile areas?

3 The UK has a window of opportunity to affect the contents of the EU 6th Framework
Programme (6FP). Are there specific topics known to stakeholders that deserve special
attention in any UK submissions to the 6FP?

4  What additional disruptive technologies can be identified that will have a major effect
in ITEC within 15-20 years? Are there examples of future discontinuities in technology
that will affect currently stable industries or technologies (as in the example of the
pocket calculator dislodging the slide rule)?
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B.4| MECHANISMS OF RESEARCH SUPPORT

1 Can stakeholders propose outline terms of reference for appropriate new methods
of support for multi-disciplinary research?

2 Isanew approach needed for industry/university partnership in software engineering?

3 Have the Virtual Centres of Excellence fulfilled their purpose in the view of stakeholders
in the industry?

4 Are there further fields in which the Virtual Centres of Excellence approach would
be valuable and could plausibly attract enough industrial and Government funding?

B.5 | SKILL BASE

1 What actions should be taken now, given that potential solutions in this area typically
have long lead times, to ensure the range of skilled people needed for ITEC is available
in the future?

2 What needs to be done to encourage ITEC professionals to update their skills?

3 Can stakeholders in both the public sector and industry suggest imaginative solutions
to the problem of attracting more women into ITEC first degrees and thence into
ITEC occupations?

4 Do students in first-degree courses learn sufficient software skills and are they
the right ones?

B.6 | SUSTAINABILITY AND ITEC

1 Are reliable data available on the environmental impacts of ITEC manufacturing
in the UK, as compared both to traditional industries, and to other nations?

2 What evidence can be used to assess the impact of development of the ITEC industries
on such environmental management issues as climate change and water usage?

3 What measures are appropriate to controlling the disposal or re-use of obsolete
ITEC equipment?

4 Is the need for a stable, agreed and rational allocation of radio frequencies, that
minimises the need for future change and allows the optimum use of resources being
pursued sufficiently strongly through UK and international bodies and initiatives?
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Appendix C
Definition of the ITEC sector

The Group's working definition of the ITEC sector follows that of other Foresight bodies.
The sectors included, with their Standard Industrial Classification (SIC) code equivalent,
are as shown in the table below.

Sector Description SIC Code

This definition is the same as used by the ITCE Skills Strategy Group.
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Appendix D
About the ITEC group

D.1 | MEMBERSHIP

The chair of the Group has been Keith Baughan. The active membership of the ITEC
Group, defined as those who have attended one or more meetings, has been as shown
in the table below.

Affiliation

" ICM Panel member
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TERMS OF REFERENCE

The Foresight Information, Communications and Media (ICM) Panel established a specialist
ITEC Group late in 1999. The ITEC Group (for the definition of ITEC see Appendix C) had
the remit of:

m identifying technology developments within the ITEC sector over the next 15 to 20 years;
M identifying future market opportunities and barriers within the ITEC sector;

M identifying (where appropriate) future market opportunities and barriers to ITEC
exploitation in other business sectors and social areas;

m making recommendations to the ICM Panel for action either jointly or separately
by business, Government and academia.

PROCESS AND ACTIVITIES

In responding to this commission, the ITEC Group (see Appendix D for a list of the members)
has taken into account both its own strengths and the overall needs of Foresight.

The Group could not cover every aspect of the many technologies grouped together as ITEC.
Instead, it has used the specific expertise of its members to produce consultation material
that will be sent to a broad range of stakeholders, including those with expertise not
covered by the Group, to elicit their views. It has done this both by building on previous
work and by generating new visions of how the technologies might be applied.

The Group adopted the methods outlined below.

1 Itdecided to extend the analysis contained in the Forward Look document by updating
that document, both in providing current information (where it was available) and also
by adding material on technologies which seemed to have gained in importance since
the Forward Look was issued. This revised document was presented for consultation as
the ITEC Technologies document. It includes references to material on the Worldwide Web.

2 The Group wished to extend its thoughts on possible new applications of ITEC
technologies. It elected to do this by developing a set of ‘visions' of how technologies
might be used. To limit the scope of this ‘visioning’, the Group first identified some
key technologies, then identified some issues to be illustrated. These were embodied
in short narratives (the 'visions') which were intended to make the discussion more
approachable. This work led to the second document we presented for consultation:
the ITEC Visions document.

3 The Group has considered the initial thoughts and recommendations it presented
in A Consultation Document in the light of the feedback received from stakeholders
and others consulted. Its conclusions and recommendations for action are
presented in this report.
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Appendix E
List of source documents

Skills for the Information Age, final report from the Information Technology,
Communications and Electronics Skills Strategy Group. DfEE, 1999.

Technology Matters, report on the exploitation of science and technology by UK business.
Council for Science and Technology, February 2000.

Technology for the Future, the Research Council's long-term technology review of the
science and engineering base. UK Research Councils, April 2000.

e-Government, a strategic framework for public services in the Information Age. Cabinet
Office, April 2000.

Report of the Information and Communications Technologies (ICT) Panel. Forfds, 1999.

Information Society Technologies, a programme of research, technology development and
demonstration under the 5th Framework of European Research, 2000 Work Programme.

European Commission.

The Futures Project: The Competitiveness Map, Weber K., Zappacosta, M. and Scapolo F.
European Commission, December 1999.

The Futures Project: Technology Map. Cahill A, Scapolo F. European Commission,
December 1999.

Thinking Britain, investing in the knowledge driven economy. IBB, 1999.
Opportunities for Industry in the Application of Nanotechnology. DTI, February 2000.
Physics and Foresight: Science in our lives. Institute of Physics, 1999.

Just Around the Corner, a consultation document. Foresight Crime Prevention Panel:
DTI, 1999.

We Can Make It, a consultation document. Foresight Manufacturing 2020 Panel: DTI 2000.

Moving into the Information Age 1999, International benchmarking study. ISI/Spectrum: DT,
April 1999.

Harnessing Light, optical science and engineering for the 21st century. US National Research
Council, 1998.

International Perceptions of UK Research in Physics and Astronomy. EPSRC, PPARC and the
Institute of Physics, May 2000.

Industrial Environmental Performance Metrics. National Academy of Engineering (US), 1999.
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High Level Skills, Knowledge Transfer and Industrial Performance: Electronics in Britain and
Germany. Mason G & Wagner K. Anglo-German Foundation, 1999.

Opportunities for Industry in the Application of Nanotechnology. DTI, February 2000.
E-Commerce@its.best.uk. Cabinet Office, Sep1999.

Clicks and Mortar: The New Store Fronts. (Report of the Retail Panel e-commerce Task Force)
DTI, February 2000.

EPSRC Review of Photonics. EPSRC, February 2000.
Progress Through Partnership 6: Communications. Office of Science and Technology, 1995.
Progress Through Partnership 8: IT and Electronics. Office of Science and Technology, 1995.

Mapping the Future of Convergence and Spectrum Management. Intercai
Mondiale/Radiocommunications Agency, May 2000.

A Scenario for Success in 2005, Information and Communication Technologies in the UK.
DTI, November 2000.
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The Foresight Programme

Foresight is about being ready for the future. The UK's Foresight programme is the
Government-led initiative that looks at what might happen in the future and what we need
to do now to secure long-term competitive advantage and enhanced quality of life.

Foresight brings together the voices of business, Government, the science base and others to

identify the challenges and opportunities that we are likely to face over the next ten to twenty
years or more. In doing so, Foresight aims to bring about a culture change for the better in the
way business and the science base relate to each other and to the future.

The programme was launched in 1993 following the white paper on science, engineering and
technology, Realising our Potential. It has a panel-based structure and operates on a five-year
cycle. The current round of Foresight began in April 1999 and work is being taken forward
through three thematic and ten sectoral panels, each looking at the future for a particular area.

All panels consider the implications of their conclusions for education, skills and training
and sustainable development.

This report - and those of the other panels - represent the culmination of over a year's intensive
research, debate and discussion. They provide the basis from which panels and others will work
to help turn the recommendations into action.

Foresight panels:

P Ageing Population P Financial Services

P Crime Prevention P Food Chain & Crops for Industry

» Manufacturing 2020 P Healthcare

P Built Environment & Transport » Information, Communications & Media
P Chemicals P Materials

P Defence, Aerospace & Systems P Retail & Consumer Services

P Energy & Natural Environment

The views expressed in this document should not be taken to represent those of the Office
of Science and Technology or the Department of Trade and Industry.

The views and recommendations expressed in this document represent the broad consensus
reached through the work of the Panel and its task forces, and its consultation with key
stakeholders. They do not reflect the personal views of the members or the organisations
they represent.

The Office of Science and Technology or the Department of Trade and Industry does
not accept responsibility for any action taken based on the views and recommendations
in this document.
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