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PREFACE BY THE MINISTER FOR COMMERCE, SCIENCE & TECHNOLOGY

Sci ence and Technol ogy (S&T) and the Policy Process

In the abstract, policy formation involves a process of philosophical debate, policy
analysis, public consultation and examination of the practical implications before
moving to decision and finally to implementation. In the world of government, before
proceeding to implementation, debate and consultation are sometimes achieved
through the ‘Green Paper’ process. Concrete decisions are then normally translated
into a White Paper, usually the precursor to the final stage of implementation and,
perhaps, legislation.

Even though governments change, some things remain the same. There is, in many
policy areas, a strong element of continuity despite changes in the Ministerial or party
composition of governments.

The debate that preceded this White Paper can trace its origins to the National
Economic and Social Council (NESC) and two economic reports in 1992 and 1993
(Lars Mjoset’s The Irish Economy in a Comparative Institutional Perspective and the
Council’s Strategy for Competitiveness, Growth and Employment). This led to the
stage of a more science and technology-focused consideration by the Science,
Technology and Innovation Advisory Council (STIAC) culminating in its 1995
Report, Making Knowledge Work for Us, and the Government’s deliberations and
consideration of its recommendations. | would like to take this opportunity to pay
special tribute to Mr. Dan Tierney and the members of STIAC for their contribution to
this process. | would also like to thank John Travers and the members of the Task
Force, for their thorough examination of the TIERNEY recommendations on behalf of
the Government.

The STIAC process was consultative, although confined largely to the immediate
S&T players: the scientific community, industrialists, and the public sector working
in the S&T area.

It was the first totally indigenous, and the most comprehensive ever, review of science
policy in Ireland. It achieved a valuable degree of consensus among disparate parties
with conflicting views. It was undertaken at a time of increasing commitment of the
taxpayers’ money to the area and of a growing international recognition of the
economic importance of science and technology, evidenced by the technological
revolution the world is now living through.

S & T IN THE MODERN CONTEXT

Science and technology have become central to all our lives, in some ways obvious
and in others more surreptitious. One of the major themes of the TIERNEY Report is
the need for greater awareness and raising of the general level of appreciation of S&T
today. We need to develop an ability at national level to feel as comfortable
discus+sing issues which have a scientific or technological angle as we do about



popular culture, literature and the performing arts. Therefore, one of the purposes of
this White Paper is to provoke a more open discussion, a more wide-ranging debate,
taking in the wider public.

Historically and internationally, science policy has not necessarily been about
employment and economics. There are examples also of science policy being driven
by a belief in science in its own right, that spending on science is its own justification.
There are examples also of science policy pursued and driven by the call to arms,
whether for defensive or offensive purposes.

In Ireland, for much of the period since the foundation of the State, science and S&T
policy were very much ignored and neglected. Formally, this began to change during
the 1960s: the National Science Council, later to become the National Board for
Science and Technology (NBST), was established. In the late eighties, the NBST was
merged with the Institute for Industrial Research and Standards (IIRS) to become
EOLAS. However, funding for research, which by definition requires a sustained
commitment, was never adequate or secure. The national establishment culture was
not supportive.

Since the late eighties, this has begun to change. Much of this has been as a result of
the European Union’s budget and transfers to Ireland, whether via structural funds or
the EU’s own research programmes. The view now is one of appreciation, on the
surface at least, of the importance of S&T to national development.

This is very much in line with the trend in the European Union as expressed in the
Delors White Paper and the recent Green Paper on Innovation. A major debate on the
role and purpose of science - how far down the road of relevance and application we
should go - is taking place in the Member States as well as at EU level, and will
continue over the coming months and years.

For the foreseeable future therefore, S&T funding in Ireland is reasonably secure and
we must seize that opportunity to develop the national S&T base and to become
convinced, as of right, of the importance of S&T in the development of the nation.
One need look no further than the enormous transformations which the Information
Society is bringing to all aspects of our daily lives to appreciate the pervasiveness of
technology, to imagine the potential impact it will have on the way we work, live and
play and, in turn, the consequences for society at large.

S&T IN A SOCIETAL CONTEXT
“Research is elitist by nature. This makes it difficult for citizens and
politicians to judge where resources for research should be best placed
and where they would be of greatest advantage. However, it is not elitist
to determine what Denmark should research into, or rather what we
shall live on in order to secure our welfare. Therefore, the Government
wants an open dialogue on society’s priorities.”

OPEN DIALOGUE ON DANISH RESEARCH FOR THE FUTURE
Danish Ministry of Research and Information Technology
1996 Report to Parliament



In seeking to promote greater public debate on S&T issues, there are three simple but
profound questions we can ask of the scientific and technological community which
seeks public funding. They are: What does your project do for jobs? What does it do
for society? And what are its implications for the environment?

Increasingly, governments are asking these questions of their research and scientific
community - and, indeed, of other recipients of public funding.

These questions imply a fundamental shift in approach: Away from looking on public
funding as investment in inputs (e.g. salaries, equipment, bricks and mortar) and
towards seeing Exchequer funding as the purchase of outputs (e.g. jobs, social
improvement and environmental quality).

At the heart of this shift is a move towards a ‘contractarian’ philosophy and practice.
As a society we have certain intrinsic objectives (e.g. more jobs, better opportunities,
the right to make the most of oneself, a clean environment) and we pursue
instrumental goals to achieve them (an educational system and economic and social
environment that enables us to fulfil our potential). As a society we also have a
‘contract’ with the State, whereby Government contracts to ‘purchase’ necessary
instrumental outputs from providers such as the Universities and State agencies,
transparently and economically.

This contractarian framework enables the Government to evaluate proposals from the
point of view of effect, relevance and value for money in the context of limited and
competing demands for resources (i.e. the taxpayers earned income) and the
accountability of Government to the voter.

The White Paper

The approach taken in this White Paper is one that locates S & T firmly within the
framework of wider industrial, economic and national development policy and,
therefore, into the area of jobs and living standards. This White Paper is about the
kind of jobs, indeed the kind of society, we want for the future.

We are investing ever-increasing resources in our universities, our colleges and
industry. We are producing a large number of highly skilled, creative, enterprising
and imaginative young people. We cannot predict where their final destination will be
but we must influence the number and quality of opportunities for them to live and
work in Ireland.

Barriers to trade are falling and the world is undergoing a second industrial revolution.
If Ireland’s citizens are to capitalise on these developments, we must plan our policy
interventions around companies that can compete, that will grow and create jobs
based on research and technological innovation. We must create and grow a climate
and culture which put a premium on innovation.



Our aim is to build an innovative economy and society which are founded on a
competence in, and a comfort with, modern scientific and technological
developments. To do that, we have to invest wisely, always challenging whether that
investment is producing the best outcomes or whether it could be channelled more
effectively.

s it

Pat Rabbitte TD
M ni ster for Conmerce, Science and Technol ogy



Overvi ew

This is the first ever White Paper on Science and Technology.

For much of the period since the foundation of the State, Science and Technology
(S&T) has been very much ignored and neglected. While this began to change
through the “70’s and “80’s, there is still, despite the pervasive impact of technology
in our daily lives, a weak representation of S&T issues in public affairs in Ireland and,
more generally, a lack of awareness shown by the public in S&T affairs. A successful
policy for S&T and its role in innovation requires a positive public attitude, as well as
a sustained commitment by successive Governments over the long-term.

Sci ence, Technol ogy and I nnovation (STI) - the H gh Road
to Econonmi c Devel opnent

The Irish economy is going through a boom period, with low inflation, low interest
rates, the public finances are under control and record levels of jobs are being created.
Nevertheless, unemployment remains persistently high and our success in attracting
foreign companies to invest in Ireland masks weaknesses in the indigenous sector,
comprising mainly small and medium-sized companies.

Barriers to international trade are falling and the world is undergoing a new industrial
revolution - the Knowledge Revolution - fuelled by the pace of technological change.
If Ireland is to capitalise on these developments we must plan our policy interventions
around companies that can compete, that will grow and create jobs based on research
and technological innovation. Our aim must be to build an innovative economy and
society founded on a competence in, and a comfort with, modern scientific and
technological developments.

The TIERNEY Report on Science, Technology and Innovation was the first totally
indigenous review of policy in this area. It concluded that “we have assumed that as a
small relatively isolated country, we do not need to develop our own expertise and can
rely on purchasing innovation from others”. This model has worked to a significant
degree especially in terms of creating in Ireland a powerful dynamic group of leading
overseas companies, using and developing advanced technologies and creating
thousands of skilled jobs and exports. But the purchasing of innovation from others
also implies that the indigenous sector is losing out in terms of growth foregone, jobs
lost, unemployment much higher than it should be, loss of markets, and the worst of
all, the loss of talent and the blighting of human potential.

STI policy must therefore work to create an economy characterised by sustainable
high employment, high living standards, competition and innovation in an enterprise
sector:

- featuring growing use of skilled and qualified staff and rising systematic
expenditure on R&D;



- engaged in trading products and services using processes and technologies all
of which continuously improve to meet the highest international competition;

- generating and enhancing, as well as absorbing, new technology and new
techniques;

- placing particular emphasis on raising the competence of indigenous
companies.

The approach taken in this White Paper is one that locates S&T firmly within the
framework of wider industrial, economic and national development and therefore into
the area of jobs and living standards. This White Paper is about the kind of jobs -
indeed the kind of society - we want for the future.

S&T - The Driving Force in Innovation

Innovation is about how to better make a widget and how to make a better widget. It
is about ideas, it is about ways of working, new ways of organising, manufacturing a
product, designing or developing an entirely new product or modifying a machine or
plant. Innovation is about progress, however defined.

However, innovation is becoming more and more critically dependent on advances in
the field of science and technology. We need look no further than the enormous
transformation brought about by Information Technology for evidence of the inter-
relationship between science, technology and innovation.

Historically, science policy has not always been about employment and economics.
There are examples of science policy being “elitist”, driven by a belief in science in its
own right - that spending on science is its own justification. In modern times,
however, and particularly in the fast growth sectors, there are much closer links
between product and process innovation, technological advancement and the scientific
research upon which they depend.

A critical feature of STI policy therefore is to strongly and overtly link S&T to
Innovation and to place it in the context of national development. S&T will be
evaluated by its ability to contribute to wider national goals, as a means of achieving
them rather than as an end in itself.

Innovation, however, is not a simple, smooth, linear, well behaved process. It is
complex and hard to measure. For example, innovation may draw on science but the
demands of innovation often, too, force the creation of science. While the interactions
of science, technology and innovation are very strong, this should not lead us to accept
a common wisdom that technology is merely applied science.

An advanced economy which seeks to achieve its full innovation potential, must
develop and create linkages between a number of components as part of a National
System of Innovation. These components are:



- universities and similar institutions providing basic research and the
development of high levels of knowledge and skills;

- business firms, especially those investing in change-generating activities;

- public and private institutions providing general education and vocational
training;

- the Government sector, financing and performing a variety of activities that
both promote and regulate technical change;

- a venturesome financial sector committed to funding innovation activities.

Taki ng Action

The TIERNEY Report argues that our failure to develop a national system of
innovation is rooted in a weak commitment, even indifference, in national culture to
enterprise and innovation, to Science and Technology, to its application and
development. TIERNEY concluded that a new vision of innovation is needed
embracing the knowledge and skills generated through science and technology. The
Report calls for a programme of planned, sustained and increased investment in
research, development and technology application, significant institutional reform and
a programme to raise appreciation of the role of science, technology and innovation.
It is the aim of this Government to pursue this programme.

In analysing the TIERNEY Report and examining the policy issues fundamental to
science, technology and innovation, the Government has already taken action in a
number of the more immediately critical areas;

- basic research funding and support for PhDs have been increased;

- administration of third-level research schemes has been improved;

- new funding was provided for post-doctoral research and international
collaboration;

- extra funding was provided for schemes to help small firms improve their
technological capability, such as Techstart and technology audits;

- taxation measures were introduced to encourage business R&D;

- a scheme to provide training for companies in R&D and innovation
management was introduced;

- a programme to encourage networking of firms is being piloted;

- funding is being provided to improve public awareness of S&T.



Now this White Paper sets out the priority needs to be addressed. They are:

- a planning process for State investment in science and technology to
ensure a coherent approach to policy and programmes spread over 12
Departments and over 30 Agencies;

- expert and independent advice from a new permanent STI1 Council;

- a substantial increase in business spending on R&D including
examination of the tax regime to encourage R&D investment;

- a higher profile for technology transfer in industry as an important
complement to in-house R&D;

- improvement in the capability of firms which currently have little or no
technological competence:

- increased networking of firms to overcome disadvantages of scale;

- address barriers to the availability of seed and venture capital for
technology based companies;

- recognition of the role of research in the third-level sector and the
provision of extra funding as resources permit;

- improved organisational structures for the Programmes in Advanced
Technology (PATS) which invest substantially in third-level/industry
research;

improved public perception of STI and its contribution to national
development.

Pl anni ng S&T - Getting our Act Toget her

This White Paper must be seen in the wider context of reform of the public sector
through the Strategic Management Initiative and changes to public expenditure
programming in general. It is an attempt in a significant area of public expenditure to
impose a basis for good decision making through rationality, clarity of social and
economic purpose and value for money.

No nation can afford to undertake all of the scientific research and technological
development it would like. Choices have to be made. Priorities have to be set in line
with wider public policy objectives for national development. Funding must be
allocated in accordance with these priorities.



The Government agrees that if the Irish economy is to compete effectively in an era of
rapid technological change, then the level and quality of S&T investment must be
internationally competitive. However, that is a major task that cannot be achieved
overnight. The State already invests in the order of £780 million per annum into a
broad range of S&T-related activities, including in the education and health areas, but
the composition of this investment is only known after the event. The long term
objective is to channel this considerable spend into areas where it will be most
productive and to engender competition between all the areas which seek funds.

The Government accepts that because of the size, importance and widespread nature
of its investment in S&T, organisational structures are required which will provide a
long term strategy, facilitate planning of S&T spending and ensure efficiency and
value for money. Above all - given our limited resources, our ambition to build a
strong system of innovation, and S&T’s role in this project - priorities must be
established as to where and how S&T funds should be allocated.

The Government has decided to adopt an integrated planning process for prioritising
S&T spending, based on the current Science Budget compiled by Forfas and the
spending plans of Departments. The process will form an integral part of the annual
Estimates and Budget cycles. A Cabinet Committee on STI will direct the process,
which will be conducted by an Inter-Departmental Committee. To provide
independent expert advice on STI policy and programmes, the Government has
decided to establish a new permanent ST1 Advisory Council.

EU | nvol venent in Irish S&T

Investment in scientific research and technological development in Ireland has been
radically transformed over the last decade by two major external influences sponsored
by the European Union - Structural Funds which began in 1989 and the EU’s own
Research Framework Programmes. The latest round of Structural Funds provides for
public R&D expenditure of some £260 million over 1994 to 1999, over 80% of which
is EU money. Under the EU’s 4th Framework Programme (1994 to 1998) Irish
researchers are winning contracts to an annual value of £20 million.

European funding and programmes have, therefore, had a hugely beneficial impact on
the Irish science and technology scene by allowing us to develop our own national
capability, by leveraging private investment on top of the considerable public monies
and by providing opportunities for Irish researchers, to network with organisations
abroad.

There is concern that with the major political changes in Europe, a radical shift in the
existing Structural Funds system post-1999 is now more in prospect. Equally, in
relation to the 5th Framework Programme, due to start in 1998, the preliminary
proposals from the Commission have tended to concentrate on a narrow range of
activities corresponding to the pressing needs of larger European industry.

If these concerns in relation to the future of the Structural Funds and the EU
Framework Programmes come to be realised, resulting in a significant reduction in



EU support for S&T in Ireland, it would put pressure on the national exchequer to
meet any shortfall.

The Enterprise Sector

Innovation policy is an overarching framework that must link industrial policy, S&T
policy, fiscal, educational and commercial law policy with wider economic and social
policy. Ireland’s failure to become an innovation-driven economy will result in our
being squeezed between those, mostly large, countries which develop new
technologies themselves, and low cost - low wage economies adapting technology
developed elsewnhere.

Innovation is ultimately a matter for firms themselves. In Ireland, however, there is
still an enormous problem with business spending on research, development and
innovation. While spending has been growing at a rate of around 17% per annum
since the beginning of the decade, two thirds of Ireland’s R&D spending is accounted
for by the overseas sector although some three quarters of multinationals do not
undertake large scale, systematic R&D in Ireland. More worryingly, however, the
vast majority of domestic companies in most sectors of industry undertake no research
and development. There is a low level of innovation, reflecting a poor culture and
appreciation of science, technology and innovation in the national business
community.

The TIERNEY Report identified the key problems to be addressed as:

low-level commitment to R&D, innovation and entrepreneurship;

lack of integration of multinational enterprises into the economy;

- the small size and scale of Irish firms;

the low technology base of most Irish firms.

Business spending on R&D will continue to be driven by a number of factors
including direct State support, fiscal incentives, a more positive perception of
technology and innovation in business and a general improvement in the economic
and investment climate.

The Department of Enterprise and Employment will monitor the operation of the
Measure 1 R&D grant scheme (which provides for £176m of private and public
investment in R&D over 1994 to 1999) to ensure that new R&D activity is being
undertaken and that the number of R&D performers is increasing. The taxation
regime will also be examined with a view to encouraging R&D investment. The £60
million seed and venture capital scheme will be monitored to determine if there are
specific barriers prohibiting capital investment in technology based firms. Forbairt
will introduce a programme of interfirm collaboration aimed at networking activities
in groups of firms, based on the very successful Danish model. It will also develop a



national technology brokerage activity to strengthen technology transfer into Irish
industry.

To develop the low technology base found in most Irish firms, the Government has
provided funding to increase technical graduate placements from 215 to 300 this year.
It has also provided increased funding for technology audits and technology brokerage
to help companies to understand and absorb new technological developments.

Nat ur al Resour ce-based Sectors

Within the enterprise sector, Ireland possesses major assets in terms of environmental,
agricultural, marine and forestry resources. However, with the exception of
agriculture, their potential role in the national economy has not been adequately
recognised in the past. There is a need for S&T initiatives to realise the full benefits
to the country.

The Minister for the Environment is drawing up a national sustainable development
strategy for the environment, including supporting S&T programmes. The Department
of Agriculture and Teagasc will examine the level of contributions of the farming
community for agricultural research. Food research centres, which receive funding
from a number of sources, will have clear Mission Statements, including technology
transfer activities. Increased funding for the Marine and Forestry sectors will be
examined in the context of the annual Estimates.

Enmer gi ng Technol ogi es

State programmes in a number of key technology areas, such as biotechnology and
telecommunications, undertake some £20 million of R&D per annum in developing
third-level and industry expertise in these areas. The Programmes in Advanced
Technology (PATS) have been largely successful in meeting their objectives.
However, they require an organisational structure which provides for a common
approach to the individual programmes, a competitive funding arrangement to allow
new programmes to emerge (or unsuccessful programmes to die), which respects the
partnership approach involving the third-level, industry and the State, which provides
the vision and dynamism for advanced research, and which places emphasis on the
development needs of indigenous industry.

The Government has decided that the PATs will be established as a subsidiary
company of Forbairt. The company will implement the strategy for the PATS, as laid
down by the Minister for Science and Technology on the recommendation of a
standing Board established to advise on policy and funding for the PATS.



The Educati on Sect or

Thi rd- Level Research

No subject in the history of public policy debate has generated more heat and less
light than the controversy over the role and significance of basic research in the
innovation system. Does basic research lead directly to economic benefit for the State
in which it is carried out?

It is difficult for any country, particularly a small country, to justify significant
investment in basic science across a wide range of disciplines in terms of the
contribution it will make to that country’s industrial innovation. But there are
persuasive arguments for maintaining a basic research capability, including:

- the need to be strong in the basic science of areas of strategic national
importance, such as the bio-sciences which are fundamental to health and to
the food chain;

- maintaining internationally recognised standards in third-level education;

- ensuring that Irish colleges are attractive to the best Irish undergraduates and
post-graduate students and retaining high quality people in Ireland;

- the creation of a pool of skilled researchers and the strengthening of our
capacity to participate in international research as an essential basis for
industrial and economic development.

Thus, in terms of building a strong national system of innovation, the value of
curiosity and the stock of human capital are particularly important. The basic research
system is part, literally, of a world wide web of researchers through which Ireland can
participate in knowledge generation and acquisition. Basic research funding cannot,
therefore, be ignored by STI policy. But in the context of limited resources and the
need to build strong links between the third level and the economy, the basic research
system must reflect the pressures of prioritisation and relevance.

TIERNEY pointed out that Ireland lacks the Research Council system for funding
basic research found in other countries and that this gap has been only partly filled by
the Basic Research Grants scheme operated by the Department of Enterprise and
Employment. This scheme has increased funding for basic research from £1 million
in 1994 to £2 million in 1996. Strategic research funding increased from £0.5 million
to £1.2 million in the same period. Health research funding increased from £2.3
million in 1995 to £2.74 million in 1996. The Government accepts that funding for
basic and strategic research should be increased as resources permit. It should be
allocated according to the excellence of the research, relevance to national economic
development, prioritisation of research and performance measurement.

Research at doctoral and post-doctoral level is vital to national development. There
are currently a number of support schemes and funding mechanisms which need to be



rationalised, and gaps in the numbers and disciplines need to be identified and tackled.
To provide research and teaching to the necessary international standard requires
access to modern equipment and interaction between the Irish science base and
overseas resources. The Department of Enterprise and Employment has doubled the
annual PhD research scholarship grant to £2,000 and has launched a scheme for post-
doctoral research at a rate of £20,000 per annum for two years. The Department of
Education has also introduced a post-doctoral research scheme. The Department of
Enterprise and Employment has allocated £200,000 in 1996 for new international
research collaboration projects. The Government has asked the Department of
Education and the Department of Enterprise and Employment to prepare proposals for
the future funding of research equipment.

The TIERNEY Report stressed the importance of improving linkages between
enterprise and third-level colleges and the need for the colleges to devote adequate
resources to technology transfer activities. Because of their regional dimension, the
RTCs have a particularly important role in this regard. To clarify their approach to
research, and particularly college/industry collaboration, each third-level college will
publish a Research Charter. Forbairt will consult the RTCs and universities as
appropriate in the preparation of regional development plans.

S&T at Primary and Second Level

If we are to develop a more positive culture towards science, research, technology and
innovation in Irish society, one of the most important determinants will be the primary
and second-level education system. In that context, for example, Information
Technology has to be seen as more than a subject on the curriculum. If it is to be
ingrained in the minds of young people, it has to be fully utilised as a whole new
means of teaching and learning.

The Government endorses the efforts of the National Council for Curriculum and
Assessment towards improved teaching of science and technology and there will
continue to be improvement in this aspect of the curriculum. There are strong
arguments for making technology and enterprise mainstream - even mandatory
subjects, especially at second level. The Government accepts that there are
considerable resource implications involved, including materials, equipment,
experimental facilities and teacher training. Such resources must be available on an
equitable basis throughout all schools, rather than allow a two-tier approach to the
education of S&T to develop.

Training and Skills

We pride ourselves also in having a highly educated workforce. The current
economic reality, however, is that product life cycles are now much shorter and
process technologies are changing more rapidly. The skills with which workers
started their working lives are now unlikely to see them through to the end of their
careers.



Particularly in the S&T field, with the large and growing numbers being routed
through the third-level system and the increasing intensity of the points race, there is a
need to ensure that course availability and content is linked to the needs of the
economy and the likely sources of employment.

The Department of Enterprise and Employment will produce a White Paper on
Human Resource Development in the near future, which will include the need for
greater emphasis on skill development and retraining for the employed and on the
importance of training for innovation across the full range of firms’ activities.

On the question of gender balance in S&T subjects, the State and industry lose out if
female S&T graduates are not given equal opportunity to use their talents in the
business sector. The Departments of Education and Equality and Law Reform will
support initiatives to give effect to the strong commitment to equality set out in the
White Paper on Education.

Rai si ng the Debate

All the decisions in relation to specific programmes or issues will have a lesser impact
unless there is a generally improved public perception of science and technology.

We need to develop an ability at national level to feel as comfortable discussing issues
which have a scientific or technological angle, as we do about popular culture,
literature and the performing arts. Therefore, one of the purposes of this White Paper
is to provoke a more open discussion, a more wide ranging debate, taking in the broad
public. The White Paper represents but the latest step in what is intended as a
continuous process of assessment in a crucially important area of public policy.

Apart from its intrinsic merits, science and technology is also increasingly bound up
with huge moral and political - philosophical issues, for example in the biological
sciences and the development of the Information Society.

The Information Society heralds a new revolution, equal in scale, intensity, effect and
implications to the industrial revolution which spread throughout Europe and the New
World into the nineteenth century.

Where this transformation will lead is not yet clear. In a sense, there will be no
outcome as such, there is simply a continuous process. But there are already
visible enormous implications for all aspects of life, in business and trade, work
and employment, in education, health and leisure. Many traditional jobs are
disappearing as new markets, new types of jobs and ways of working are being
created. Long-established industries and ways of life are disappearing. Methods
of communication, independent of time, place or defined structure, are emerging.
The world is being reshaped on a gigantic scale.

The Government has decided to develop a national information society strategy to
plan for Ireland’s future in the information age. The plan of action will address



aspects of life affected by the new technologies, prioritise actions to be taken and
determine how niche areas can be developed. The Minister for Enterprise and
Employment has established a steering committeee to develop the national
information strategy.

But despite the significance of such issues, there is still a general lack of awareness
shown by the public in S&T issues. The TIERNEY Report recommended that our
aim must be to bring about a significant cultural shift in attitudes and to bring about
better communication, interaction and mutual understanding between the scientific
community, industry, Government, the media and the public.

The Government has decided to provide financial support for a campaign, to be
organised by Forfas, which will promote improved awareness of the importance of
science, technology and innovation.

Concl usi on

A White Paper normally marks the end of discussion. However, in the S&T arena we
need continuous debate both to raise the profile of S&T and to ensure that the country
derives maximum benefit from investment in S&T. This White Paper is a platform on
which the Government hopes to raise that debate. At the end of the day, however, it is
very much the responsibility of the S&T community, whether in academia, industry or
elsewhere, to generate and maintain discussion on policy and practical concerns and
their impact on the issues of the day. Failure to do so will represent a disservice both
to themselves and to the nation.



Fanous Irish Scientists

ROBERT BOYLE (1627-1691)

The most influential Irish-born scientist ever was Robert Boyle. He played a key role
in the history of science because of his part in establishing the experimental method,
on which all modern science is based. At that time, respected thinkers, like Christiaan
Huygens and Gottfried Leibniz, were inclined to doubt the value of demonstrating by
experiment what they (and all "rational” thinkers) knew to be true by logical reasoning
alone. By using carefully devised experiments, Robert established the power of
practical science, and knowledge took a giant leap forward.

Nicknamed "The son of the Earl of Cork and the father of Chemistry", Robert was
born in Lismore, Co. Waterford, the youngest of fourteen children. After a spell at
Eton College, and a grand tour of the Continent lasting six years, Robert began to take
an interest in medicine and science. He managed (just) to avoid marriage, and so was
able to devote himself entirely to his studies. He carried out important work on the air
pump, which he developed, and which allowed him to investigate the nature and
properties of the vacuum. For example, he demonstrated that sound could not be
heard in a vacuum, that a candle was extinguished, and that an unfortunate cat died.

He was a founder of the Royal Society in London in 1660, and the next year he
published the most famous of his many books The Sceptical Chymist. In this, he
questioned the early belief that materials were made up of four elements - earth, air,
fire, and water, instead anticipating modern atomic theory. He introduced many
analytical tests, including the use of vegetable dyes as acid-base indicators, and flame
tests to detect metals.

To-day's students are reminded of Robert's work when they learn "Boyle's Law",
which states that, at constant temperature, the volume of a gas is inversely
proportional to the pressure applied to it (V x p =constant).



CHAPTER ONE

The Policy Formation Process

“September 30, 1659. I, poor miserable Robinson Crusoe, being
shipwrecked during a dreadful storm, in the offing, came on shore on this
dismal unfortunate island, which 1 call the Island of Despair, all the rest
of the ship’s company being drowned, and myself almost dead.”

Robinson Crusoe
by Daniel Defoe

| nt roducti on

The story of Robinson Crusoe intrigues economists. In the teaching of elementary
economics, the story of the single individual, stranded on a desert island, is used as a
dramatic device to strip down life to its alleged bare essentials - economic decision-
making.

In Robinson Crusoe economists see intelligent, civilised, rational man thrown into a
simple state of nature, depending on nothing but his skill and intelligence and
subjected to nothing but the scarcity of resources clashing with the limitlessness of
desires, and the resultant operation of the calculus of choice, the operation of the iron
laws of economics.

The formation of public policy, including public spending decisions, is also
represented by economics as something equally rational, logical, systematic; as much
driven by prudential considerations such as value for money, coping with scarcity,
assessing competing demands, opportunity cost and so on. The formulators of public
policy, politicians and public servants alike, are, in the economist’s mind, political and
public entrepreneurs, engaged always, as private entrepreneurs and individual
consumers are said to be, in pure and unencumbered rational calculation. The
economists view is that politicians and public servants going about their work are, at
heart and in essence, no different from Defoe’s mariner of York.

This is an idealisation. The truth is that it is all rather more complex and muddy. The
real life of government - whether in S&T or any other public policy area - is not a
Robinson Crusoe simple world. Government is complicated by culture and history, by
conflicts and coalitions of one sort or another, by competing ideologies, economic
rent-seeking, and by conflicts within the civil society. In the public policy arena,
policies and programmes also take on a life of their own, open to interpretation as to
"success".



Public policy theorists argue that the logic of the rational calculus must, in the end, cut
through the complicating layers of culture, conflict, compromise and history - as
allegedly in private life.

In private life however, the problem of choice for the consumer and the entrepreneur
or manager can always ultimately be reduced to one of individual choice, including
the choice of simply foregoing something.

The problem for public policy is a different kind of problem - the problem of
collective action. How can we make concepts, such as social dividend and gain, cost
(to whom?) and benefit (for whom?), apply in an operational way in the world of the
provision of public services? How can public provision escape problems such as
economic rent-seeking and “provider capture” at the expense of citizens and clients?
Public provision is characterised by the absence or failure, to varying degrees, of
markets, and ultimately by a concern with something as broad as the expansion of
“our freedom to lead the lives we have reason to value™.

One way in which we can begin to resolve these difficulties is through the
‘contractarian’ framework *. Political parties offer voters both intrinsic ambitions
(ends) and instrumental goals (means), otherwise known as manifestos. Political
parties elected to power, which is to say governments, have a contract with civil
society. Government and society need means of measuring compliance and
performance. A contractarian framework offers this. It is a duality: a contract of
promise between voters and party (for example, for security); and a contract of
purchase, between government and providers of means (in our example, the police)
for certain outputs (in this case, a low crime rate).

A switch towards seeing spending in terms of purchasing outputs as cheaply as
possible, which is to say at the lowest possible tax rate, and away from measuring
compliance and performance as inputs while attempting to measure efficiency,
however defined, provides a framework within which the dilemmas of collective
action and social provision can be resolved.

Much of the reform of public policy formation and public spending processes
undertaken in Ireland in recent years represents a comprehensive attempt to impose
discipline, order and democratic choice on the process of decision-making within
government, but within the confines and subject to the requirements of a civil society
organised on the European social model.

For example, the application of global limits by this Government on public spending
and borrowing, and its commitment to the Maastricht guidelines, are attempts to
impose logic, order and rationality on decision-making in the public domain.

Partnership on the European social model 2 represents an attempt to limit conflict in
the economic arena and provide rules for sharing the benefits of growth. The
Department of Enterprise and Employment, by the publication of the strategy
document Growing and Sharing our Employment, provides a framework for the
pursuit of the objective of sustainable full employment over time, while the Forfas



report, Shaping our Future, provides medium to long-term goals and objectives for
society and the economy generally.

This White Paper falls within this general framework. It represents, among other
things, a further advance in the process of imposing logic and rationality, clarity of
social and economic purpose, and value for money rules, evaluation and economy in
one area of public activity, science and technology policy. This is appropriate given
the scale, complexity and multiplicity of purpose in Exchequer funding and support of
science and research.

Sci ence and Technol ogy Policy Formation

Why is there in Ireland, as elsewhere, a large and growing commitment to S&T
spending? There is no single answer. Obviously, employment creation is a major
factor behind much of the funding and many of the spending programmes, particularly
those of the industrial development agencies - IDA and Forbairt, SFADCo and Udaras
na Gaeltachta.

S&T spending has, in recent years, become increasingly closely associated with
support for industrial innovation. This White Paper will have considerably more to say
on the subject of innovation in Chapter Two.

Industrial innovation requires upgrading of skills, the development and enhancement
of the stock of human capital which is clearly another aim of S&T policy. This is an
objective that underpins the Exchequer allocations to the development agencies,
including in this instance FAS.

The advancement of knowledge as such, adding to society’s stock of knowledge, is
another factor, certainly as regards the allocation of taxpayers’ money to and through
the Department of Education, for example, and indeed a proportion of the spending
funded through the Office of Science and Technology.

Are the balances struck between the various areas of spending, and between public
funding and private spend, right - even if only roughly so? In other words, how well
defined is the decision to Exchequer-fund at all, and how well chosen, monitored and
defined are S&T spending and objectives?

In the language of the school report, performance could truthfully be summed up in
the phrase, ‘Much improved but must do even better’. For example, there is a poor
level of advance co-ordination and accounting for the total S&T budget or spend,
although there is now in place a form of accounting after the event. Because the prior
co-ordination aspect is still underdeveloped, evaluation and choice is weaker and less
co-ordinated than it might and should be. We are, also, only beginning to
comprehensively monitor and assess business sector expenditure on R&D (BERD)
and, as a result, how we might economically leverage this spend.




As this White Paper will demonstrate, all of this is recognised and is being acted
upon.

The establishment of a Cabinet Committee chaired by the Minister for Commerce
Science and Technology, recommended by Tierney, is further evidence of a strong
commitment to co-ordination, rationality and prioritisation in science and technology

policy.

The switch, currently being implemented, to multi-annual budgeting for public
spending generally should further assist prioritisation, evaluation and choice.

Now, in this White Paper, there are set out a series of Government decisions that will
address and correct remaining problems and shortcomings and set a clear, positive
course for the future.

The Government has recently embarked upon a major reform of procedure, decision-
making and policy implementation within the civil service - the Strategic Management
Initiative. The reader will find that the Government’s decisions in detail on STI
policy, contained in Part Il of the White Paper, are very much in sympathy with this
reform. They represent a practical and pragmatic working through of the issues in a
now well-defined and significantly important area of national development. Chapter
Six, in particular, presents a number of reforms at Governmental level, which is to say
at political and inter-departmental levels, aimed at improving co-ordination,
prioritisation and evaluation, and ultimately performance.

From an overall point of view therefore, this White Paper must be seen in a
wider public policy context and the reform of that context through the Strategic
Management Initiative. It is an attempt in one, now significant, area of public
expenditure, to impose a logic and basis for good decision-making - good
government in other words.




THE ROLE OF SCIENCE | N My DAY TO DAY LI FE
Dr. Gary O Toole, St. Vincent’s Hospital

Sometimes | try to imagine doing my job 40 years ago, without all the gadgetry and
technology available to me today. | work as a Junior Hospital Doctor in St. Vincent’s
Hospital in Dublin, a busy teaching hospital. And the thought of not being able to avail
of CT, MRI or Ultra Sound Scanners is very frightening - to say the least.

In my working day, | simply cannot avoid encountering science and technology. Every
morning starts with a “Ward Round’, this involves a discussion on all the previous days
results for the patients, which are, of course, printed neatly for the doctors by the now
ubiquitous computer. All tests in hospital now are ordered by computer, confirmed on
computer and results usually read by computer.

When | order a blood test on a patient, it is collected by the phlebotomist, sent to the
laboratory and, in large batches, placed in a machine which, in a matter of minutes, can
tell the scientists whether the patient is anaemic, has an infection, is low in cells that fight
infection or is dehydrated. Years ago this was done ‘one sample at a time’ by a scientist
looking down a microscope at each sample individually, and usually took about 30
minutes per sample. In St. Vincent’s Hospital, if a blood sample is sent in the connecting
chute from the Intensive Care Unit to the Laboratory, the nurses and doctors can expect
to have a result back in under 5 minutes. Put simply the computer is the greatest aid to
medicine since the discovery of penicillin.

But it’s not just the computer that has helped medicine. Technology has advanced to
such a great degree that some operations that, in the past, necessitated a 15 cm scar, are
now done using a tiny fibre-optic camera, through three 1 cm incisions. Patients that had
their operation done the old way, used to stay in hospital for about 8-10 days and suffer a
lot of pain, but with the newer method they go home after 3 days, thanks to surgery that is
virtually pain free.

Other more ‘Headline Grabbing’ procedures, now being done by doctors, include
transplant surgery. St. Vincent’s Hospital is the Irish Centre for Liver Transplant
Surgery. Other organs now being transplanted include kidneys, in Beaumont Hospital,
and hearts, in the Mater Hospital. Every four years thousands of ‘transplant’ patients
meet and compete in the World Transplant Games. People once so close to dying now
compete over the 30 km cycle race or the 10 km road race. All truly remarkable
achievements and all thanks to the scientific advances and research that taught us how to
prevent the body ‘rejecting’ a transplanted organ.

And it’s not just the world of surgery, where | am presently working, that has taken great
strides thanks to science. Medicine too has benefited from advanced research techniques.
In no field is this more evident than the field of Oncology (Cancer Treatment). Now,
because of modern medicines, people are being cured of cancer more often. All cures are
thanks to our ability to study things as small as a cell under a microscope and observe
how it is affected by certain drugs. There are millions of people world-wide alive today
because of recent advances in science and technology.



CHAPTER TWO

Sci ence, Technol ogy and I nnovation Policy at the Level of
the Firm

inn’ovate vt introduce new things.
[Collins pocket dictionary]

“It is a commonplace that innovation, defined as ‘the profitable and
continuous exploitation of knowledge and techniques in new ways for
fresh purposes in advance of the competition’, is crucial to
competitiveness, and becoming increasingly so. Innovation includes R&D
and the use of new technology, but it extends very much wider, covering
every sector of manufacturing (not just high-technology ones) and
incremental improvements as much as major changes. It does not
necessarily involve investment or new technology.”

House of Commons Trade and Industry Committee
Second Report on Competitiveness of UK Manufacturing Industry.
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Science and technology policy has come closely to be identified with the field of
innovation. S&T has come even to be equated per se with innovation and it has all
come to be seen by many to depend critically on public spending. These posited strict
identities are not accurate. It is all somewhat more complicated, as the extract from
the UK House of Commons report quoted at the beginning of this Chapter makes
Clear.

Innovation is about how better to make a widget and how to make a better widget. It
is about novelty. It is about ideas. It is about new ways of working, new ways of
organising and doing things, perhaps manufacturing a product, designing or
developing an entirely new product or a new service, or operating or modifying a
machine or plant. Innovation is about progress, however defined.

Innovation is the opposite of conformity. It is to break with the status quo, the
established way of doing things. It requires skill and knowledge but also involves
risk, being entrepreneurial, adventurous and putting a premium on curiosity, creativity
and inquiry. It is to a degree also about play, “tinkering”. And it is about an impulse
for improvement and in business, a competitive urge and making money - the pursuit
of profit and winning.



A spirit and culture of innovation is always to be valued. In the world of business it is
a critical ingredient in securing competitiveness and self-sustaining growth. More
generally, the innovative spirit and impulse enriches cultural life and the society.
Finally, it is as necessary an ingredient in public administration as it is in the business
of commerce and the life of the arts and sciences.

Sci ence, Technology and their Role in Innovation

This is not a White Paper on innovation policy. It is a document on science and
technology policy. However the view adopted in this White Paper is one that locates
S&T policy as a subset of innovation policy. This is why, in this White Paper, we talk
of STI - science, technology and their role in innovation policy. In turn, innovation
policy is a most critical dimension to Irish industrial policy. This will also be a central
theme of an Enterprise Strategy paper which will be published by the Minister for
Enterprise and Employment in the coming months. In Ireland, industrial policy must
concern itself critically with breeding a strong national culture of innovation.

The word innovation can be used both in a generic way, and also with some precision.
We can talk legitimately in a very general way of “a spirit of innovation”, or we can
talk much more precisely of “an innovation”. An innovation in this latter sense may
typically have a technological base. It may, in other words, have its origin in the
advance of technology, which is to say “society’s pool of knowledge regarding the
industrial arts”, to quote the definition of a noted economist in this field, Edwin
Mansfield.

However, an innovation may equally arise out of a change in technique. Mansfield
goes on to observe that “whereas a technological change is an advance in knowledge,
a change in technique is an alteration in the character of the equipment, products and
organisation which are actually being used.”

Which type of act of innovation is the more socially and economically desirable? Can
we say that innovation based on technological advance is superior to an innovation
arising out of a change of technique?

An innovation based on a technological advance is certainly of a higher order than a
change of technique. Both are to be valued and encouraged. Most critically, an
accretion of incremental changes in technique can lead to technological advance, and
even to patentable inventions * .

Innovation and innovation systems are about learning - learning by doing, by using
and by interacting. A culture of continuous learning and improvement is, centrally,
what we are intent on achieving.

Taking a long view we have to say that it is critically more important to have a strong
culture of innovation than to try to hot-house grow inventions. A national culture that
is characterised by, among other things, the impulse to innovate, to depart from the
status quo, to ‘tinker’ and to take risks is likely, other things being equal, to show a
capacity over time for invention also.



A corporate sector that is driven by the competitive urge, in which any individual
company constantly fights to depart from the status quo, to be first, better and smarter
than the rest, is also likely to be characterised by high levels of innovation, a
commitment to research and development, to design, to engineering, to training, to the
enhancement of skills in the workforce, to continuous improvement and engagement
in patenting. All of this we take as indicative of the impulse to innovate.

STI policy in Ireland must contribute to breeding a strong innovation culture in
the national business community through encouraging and enhancing innovation
in the appliance of science and technology in our industry and commerce.

STI policy seeks to achieve the constant engagement of the business community
in the process of technological change and changes of technique, in order to
increase employment, enhance productivity, competitiveness and ultimately
profitability, growth and the living standards of all.

The Situation in Irel and

In Ireland, the impulse to innovate is not strong. The TIERNEY Report and other
studies are clear on this. TIERNEY, for example, comments that “we have up to now
adopted a passive approach”, that technological change “has come about, for the most
part, through our attracting foreign companies or importing technology in the form of
finished products”. The Report concludes that “We have assumed that, as a small and
relatively isolated country, we do not need to develop our own expertise and can rely
on purchasing innovation from others.”  This model has worked to a significant
degree, especially in terms of creating in Ireland a powerful, dynamic group of leading
overseas companies using and developing advanced technologies, creating thousands
of skilled jobs and exports. But the purchasing of innovation from others also implies
that the indigenous sector loses out in terms of growth foregone, jobs lost,
unemployment much higher than it should be, loss of markets, domestic and export,
and worst of all, the loss of talent and the blighting of human potential.

A recent Forfas audit of 1995 business expenditure on research and development
(BERD) tells a mixed story. On the one hand BERD was much higher than it was,
say, five years earlier. It was growing rapidly. On the face of it this is good news.

However, quantum and trend at the aggregate level are not everything. By
international standards BERD in Ireland is still lower as a percentage of national
output than in relevant other economies. While BERD roughly doubled its share of




national output in the five years to 1995, to reach 1 per cent of GDP, it is below the
OECD and EU averages. However, it is not now markedly different from the rate
found in some other small economies such as Denmark and Norway. R&D is, in
effect, a capital input, a point acknowledged in all studies of R&D impact. What
matters with R&D spend is the stock of spending over time and we need to have a
substantially higher spend if we are to “catch up” with our competitors.

This overall picture masks certain disturbing features. R&D performance is confined
to a very small proportion of companies. Forfas estimates that there were fewer than a
thousand companies in Ireland engaged at all in systematic R&D in 1995 and no more
than 300 companies spending more than £100,000 a year on the activity. There were
less than 100 companies spending £0.5m a year on R&D and this small group
accounted for 75 per cent of all BERD.

Most R&D activity was accounted for by overseas companies and the gap between
overseas and indigenous companies widened considerably between 1988 and 1995.
The average annual growth rate (allowing for inflation) in BERD among foreign-
owned companies is considerably in excess of the growth rate among indigenous
companies - 21 per cent per annum compared to 13 per cent. There are, nonetheless,
some indications of an increased effort, in more recent years, by indigenous
companies.

The sectoral profile for BERD is dominated by electronics (including software),
engineering, pharmaceuticals and chemicals. The level of BERD in the food sector,
the heart of the indigenous industrial base, is disappointingly, considerably less than
the national average and is growing at no more than the national average.

In short there is still an enormous problem with BERD in Ireland. It is largely
undertaken by the overseas sector although most multinationals do not undertake
large-scale, systematic R&D in Ireland. More worryingly however, the vast majority
of domestic companies in most sectors of industry undertake no research and
development spending. The low level of innovation reflects a poor culture and
appreciation of science, technology and innovation in the national business
community.



STI policy in lreland must work to create an economy characterised by

sustainable full employment, high living standards, competition and innovation,

indicated by an enterprise sector:

» featuring growing use of skilled and qualified staff, benchmarking against
best practice, and rising systematic expenditure on R&D;

e engaged in trading products and services and using processes and
technologies, all of which constantly and continuously improve;

e generating and enhancing, as well as absorbing, new technology and
propagating new techniques.

This economy will also be characterised by companies, managements and

workforces consumed by the ambition to develop new technologies, techniques

and products from within themselves; and financial and public sectors fully

supportive of this new, innovation culture.

Addr essing the Deficiencies

But how does the State, to the extent that it must or can, pursue this ambition? There

are perhaps eight high-level instrumental objectives:

 the purchasing of improvements in the technological and innovation capacities of
indigenous companies through a portfolio of direct support measures such as
Techstart, technology acquisition and technology audit;

 the purchasing of relevant and needed additions to the general pool of scientific
and technical knowledge and know-how from providers of high-level research such
as the Programmes in Advanced Technology;

« the acquisition by Ireland, through IDA Ireland, of facilities and businesses owned
by leading overseas companies in high technology areas; their links with the
indigenous economy; and the diffusion out of these companies of best practice and
techniques;

« the purchasing of enhancements of the stock of human capital from education and
training providers, including schools, colleges, third-level institutions and research
bodies and State agencies;

e the cultivation of a culture of innovation through an approach that makes
innovation a common thread linking together a range of policy areas - for example,
fiscal, commercial law, education policy;

. the creation of a venturesome financial sector;

 the maintenance of high growth; and

 the encouragement of competition.

All of this is to be pursued within the confines of dealing effectively with other,
competing demands and the pursuit of financial discipline. STI policy comes into
play only in respect of a subset of these instrumental goals - technology transfer,
skills enhancement, the stimulation of business sector research and development, the
purchase of additions to the stock of knowledge from the basic research community -
being the main ones.




Technol ogy Transfer

Technology transfer is strictly speaking “the transfer of knowledge about techniques”.
It does not necessarily and of itself represent an addition to a society’s pool of
knowledge although it can lead to that.

STI policy support for transfer of technology operates through a number of
mechanisms, for example promotion of and assistance to companies to enter into
straightforward transfer (or buying in) of technology through entering into agreements
with other companies (foreign or domestic) that possess higher level knowledge about
techniques and technologies. The principal attraction of this kind of arrangement is
that it can be a quicker and cheaper route in the short term to acquiring competence
than developing and growing competence internally. However, taking the long view,
we must see to it that technology transfer spurs the development of internal
competency over time.

Human Capit al

Companies can also achieve technological competence through a second route,
through the hiring of skilled people - the purchasing, in effect, of human capital.
Companies, particularly smaller firms, can usefully be assisted and encouraged to take
on skilled, trained and qualified staff. Schemes such as Techstart are a case in point.

Taking the long-term view and from the policy standpoint of wishing to see the
acquisition and growth of internal competencies, the enhancement of the technical
skills and qualifications of in-company workforces is to be preferred.

That is not to suggest however that the technology transfer route versus the human
capital approach is a simple case of “either/or”. The State’s ‘contract” with companies
in receipt of funding under STI programmes should be seen as involving those
companies making a contractual commitment in effect, to enhancing their innovation
and technological capacities through investing in their human resources and their
technology base. There are readily measurable indicators of output here: numbers of
certificate, diploma and degree holders employed; engagement in further training and
apprenticeship; level and incidence of intellectual property creation; expenditure on
innovation.

Mul tinationals and Local |ndustry

The very location of overseas industry in Ireland is itself an act of technology transfer.
In effect, Ireland negotiates contracts with multinational companies whereby they
agree to locate facilities and functions in Ireland.

In a sense a multinational functions as a portfolio manager, distributing technologies,
management and business functions, its development, and production on a global
canvas to maximise shareholder return. Our objective is to see overseas companies



more fully integrated into the domestic economy. This is an aim of industrial policy,
S&T policy and wider innovation policy.

The rationale for this ambition is twofold. It is good in its own right, and it is a route
to more intensive linkages between the overseas and the domestic economy. However
a key question in this respect is the capacity of indigenous companies to link into and
meet the requirements of overseas companies. Links between the overseas and the
indigenous sector could be stronger than they are although they have developed in
recent years. However a number of points need to be made.

The amount of R&D activity now undertaken in Ireland by MNC’s is, in the
aggregate, in both relative and absolute terms, considerable as the most recent Forfas
R&D survey shows. Overseas companies’ BERD is the key driver in the recent rapid
acceleration of corporate R&D activity in Ireland although the overseas companies
that undertake BERD here are still a minority.

However, part of the problem must lie with indigenous industry. Again, we are back
to the recurring theme, strongly expressed in the report of TIERNEY and other studies
over the years: that of the general weakness of the indigenous business community,
the national innovation system and culture. The exception to this general comment is
the small group of high growth, high technology start-up companies created by a new
generation of entrepreneurs. This new breed is usually highly trained and educated
but, critically, has attitudes formed free of the protective formative experience that is
ingrained in the minds of managements of older, bigger companies, engaged in
traditional industries, based on old technologies and invariably dependent on the home
or British markets. Many of these new entrepreneurs also are the products of the
multinational experience. It was through contact with or employment in the Irish
operations of overseas companies that they got their experience and their business
ideas.

A primary focus, in relation to the further integration of the overseas companies into
the economy, must initially be the enhancement of the innovative, technological and
production capacities and competencies of an increasing number of indigenous
companies, large and small, across the range of sectors and industries.

In terms of our outputs approach, the State is in the business of ‘purchasing’ the
enhancement of technological and innovation capacities and competencies of Irish
companies. In the case of overseas companies, achieving this objective should create
a fertile soil in which that sector can set down stronger roots and further enhance the
contribution it is making to national development. In achieving the objective for the
indigenous sector, overseas companies have an important role to play - through, for
example, demonstration, diffusion and innovation effects, the imposition of high
standards on local sub-suppliers, creating a competitive culture and so on.

There is an added reason for strong focus on strengthening the technological and
innovation capacities of indigenous companies. This is the fact that there is now a
noticeable trend among multinational companies to seek local partners, joint
enterprises and alliances, when making investment decisions. The greenfield
development is no longer the only option. Therefore, if Ireland is to continue to



successfully attract mobile international investment it must have a population of
dynamic indigenous companies, prospective partners for technologically advanced
companies from abroad.

In all of this regard, an inputs/investment approach in general and the setting of global
targets for BERD are not particularly meaningful. On BERD, as the Forfas 1993
Report on Research and Development in the Business Sector points out, “it is possible
that such (macro) targets could be met without raising the R&D commitment of the
vast majority of firms or even whole sectors of the economy.” Therefore, as Forfas
suggests, targets for increasing the rate of BERD in indigenous firms, for example,
should be set at the micro level.

All of this suggests that those ST1 policy initiatives, that form part of the policy

portfolio aimed directly at the business sector, should:

» very much focus on raising the competence of indigenous companies;

e aim critically to increase the skills base, technological literacy and
gualification in the workforce employed in companies;

e measure results, including the incidence of BERD, at the disaggregated, micro
level rather than in terms of broad, macro-level aggregates.

In Chapter Seven the reader will find detailed decisions dealing with STI policy vis-a-
vis the corporate sector, indigenous and overseas, dealing with the need to increase
employment of technologically qualified and literate staff; the need to increase R&D
activity in business in Ireland; the encouragement of inter-firm networking and so
forth.

Beyond this discussion of the operation of STI policy at company level, there is a
second great question for policy. This is the appropriate balance between direct
support of business on the one hand and funding basic research on the other. In the
following Chapter we address this issue through a discussion of the concept and
workings of the National System of Innovation.




Fanous Irish Scinetists

NI CHOLAS CALLAN (1799-1864)

To-day we take for granted the constant supply of electricity available to us in our
homes and workplaces. But we would not have this ready supply were it not for the
invention of the induction coil, for it was the forerunner of the transformers which
make possible to-day's distribution of electric power. The induction coil was invented
in 1836 by an Irish priest, working in St Patrick's College, Maynooth.

Nicholas Callan was born at Darver near Dundalk in Co. Louth. He was a remarkably
energetic and brilliant scientist. He built enormous batteries, using cells of his own
invention, and he patented a method of preventing rust in iron. But the work for which
he is chiefly remembered is in electro-magnetism. When a soft iron rod is placed in
the centre of a coil of wire and a current passed through the wire, the iron becomes
magnetised. While working on such electro-magnets, he found that, when a current
sent by battery through a "primary" coil was interrupted, a high voltage current was
produced in an unconnected "secondary” coil. Callan sent a replica of his induction
coil to William Sturgeon (1783-1850) in London in 1837, and it was exhibited to
members of the Electrical Society to their great amazement.

Callan used his fellow seminarians to check the intensity of his electricity. One of his
most famous voltmeters was William Walsh, later to be the famous Archbishop of
Dublin. The unfortunate young Walsh was once rendered unconscious by Callan, but
fortunately he survived. Callan also arranged tugs-of-war between his electromagnets
and his students.

To-day St Patrick's College maintains an impressive collection of old scientific
instruments in the College Museum, including many used by Callan himself.



CHAPTER THREE

The System of Innovation in a National and International
Cont ext

“Knowledge is an increasingly important input into the present day
complex manufacturing production process.”

“The challenge for Ireland is now to mobilise productive resources in a
much less favourable world economic environment than that of the 1950s
and 1960s West European Golden Age.”

Lars Mjoset
The Irish Economy in a Comparative Institutional Perspective
(NESC. No. 93)
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The concept of a National System of Innovation (NSI) is increasingly being used by
economic analysts as well as science and technology policy makers. The approach,
based on the idea that everything is related to everything else, attempts to capture in a
systemic way the underpinnings and forces contributing to the level of innovation (or
the lack of it) in the economy. The concept is treated in some detail in NESC Reports
numbers 93 and 96 (The Irish Economy in a Comparative Institutional Perspective and
Strategy for Competitiveness, Growth and Employment).

Figure 1 shows the wide range of institutional factors which impact on innovation.
These include communication and interaction within and between firms, user-
producer relations, the education, training and incentive systems and formal research
institutions. It follows that innovation involves all aspects of bringing an innovative
idea into the market. Technology is a very important aspect but there are other factors
including design and marketing which contribute in this area.



Figure 1 Diagram of the National System of Innovation
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TIERNEY defined the National System of Innovation (NSI) as “the collection of all
institutions and mechanisms (public and private) that interact to stimulate and support
innovations in products and systems within the national economy”. It went on to say
that science and technology are the main driving forces of change and that knowledge,
and the skills and expertise to apply it, are the new driving forces of modern industries
and countries. The key to success in translating knowledge into successful innovation
is the effectiveness of the entire system. “It is not just R&D, essential though this is,
but the variety of elements and the quality of interactions and linkages that
compromise the NSI which are important”. (TIERNEY, page 52)

Innovation is rarely smooth or linear, or well-behaved. It is complex, variegated and
hard to measure.

The generally accepted model of innovation since World War Il has been what some
authors call the linear model. In this scheme one does research, research then leads to
development, development to production and production to marketing.

In this system knowledge emanates and flows from the pure scientific font through the
domains populated by applied scientists, engineers and technologists. Knowledge is
drawn off by these lower order layers to be used, modified and adapted.

However in the linear model there are no feedbacks from within the ongoing work of
development, from sales figures or from individual users. But all of these feedbacks
are essential to evaluation of performance, the formulation of next steps, and the
assessment of competitive position. Feedbacks are an inherent part of the continuous
development and innovation processes.



Another difficulty with the linear model flows from the fact that the central process of
innovation is not science but design. A design in some form is essential to initiating
technical innovations and redesigns are essential to ultimate success. Science often is
dependent on technological products and processes for its advances.

Innovation draws on science but the demands of innovation often force the creation of
science. The interactions of science and technology in the modern world are very
strong. But this should not lead us to accept the common wisdom that ‘technology is
merely applied science.’

A successful National System of Innovation has two fundamental requirements:
 strong and vigorous components of the system
 extensive and productive interaction between the components.

For an advanced economy the key components of a National System of Innovation

are:

 universities and similar institutions, providing basic research and the development
of high level knowledge and skills;

 business firms, especially those investing in change-generating activities;

 public and private institutions, providing general education and vocational training;

» governments, financing and performing a variety of activities that both promote
and regulate technical change;

 aventuresome financial sector committed to funding innovation activities.

Within the Irish System of Innovation there are a number of important issues and
influences which deserve particular analysis from a policy perspective.

The Rol e of Basi c Research

No subject in the history of public policy debate has generated more heat and less
light than the controversy over the role and significance of basic research in the
innovation system. Things were a lot clearer in the seventeenth century when Francis
Bacon argued that theoretical science is the only real science, the basis of all
knowledge and advance, and that such work must be funded by the State as private
sources would have neither sufficient resources nor interest. By the late twentieth
century, however, the complexities of history had considerably muddied the waters.

The basic research system is not confined by state boundaries. Nor is it the property of
any one state. Basic research is like literature. It is carried out in a global context,
with researchers from all over the world deriving inspiration and ideas from each
other and competing for the next Nobel prize. The university system is responsible
for almost all of the basic research carried out in Ireland; however, it represents only
one third of the total research carried out in colleges. Over the past decade, college
research activity has become more oriented towards applied and developmental
research as academic researchers generate funding through external contracts.



But does basic research lead directly to economic benefit for the State in which it is
carried out?  Wealth comes from the application of science. The post-war
performance of Japan owed nothing to its own performance of basic research and
everything to its ability to find out, understand and appropriate what other countries
had discovered through their own research efforts. In particular, Japan targeted the
United States, by then the world leader in state-funded basic science as a result of the
most influential of all science policy documents: Science - the Endless Frontier, by
Vannevar Bush, Chief Scientific Advisor to the US Government at that time. Others
have argued that the continued strength of the US economy over the last fifty years is
a reflection of its leadership in basic science and of the strength of its universities and
research infrastructures.

The importance assigned to pure science in Europe over the decades has still not
stopped the "European paradox”, as it is called in the recent Commission Green Paper
on Innovation, from emerging as a singular problem for the EU. The Commission’s
paper posits a paradox: Europe is strong on science but weak on innovation - turning
science into products and profits.

This has also been the traditional criticism of the UK, where examples abound of
scientific discoveries in British universities being commercialised in other countries.
Cultural and social attitudes to scientists and engineers (as opposed to lawyers and
accountants) have sometimes been blamed for this phenomenon. Problems in other
parts of Europe are of relatively recent origins, as the innovative performance of post-
war Germany demonstrates. Switzerland is also an example of an economy which has
maintained a strong manufacturing sector together with high wage levels, combined
with outstanding universities and a strong commitment to high-quality research.

It is difficult for any country, particularly a small country, to justify significant
investment in basic science across a wide range of disciplines in terms of the
contribution it will make to that country's industrial innovation.

But there are persuasive arguments for maintaining basic research capability in the

colleges. These include:

 the need to be strong in the basic science of areas of strategic national importance,
such as the bio-sciences which are fundamental to health and to the food chain;

. maintaining internationally recognised standards in university education;

 ensuring that Irish colleges are attractive to the best Irish undergraduate and post-
graduate students, retaining “high quality’ people in Ireland;

 creation of a pool of skilled researchers, as an essential basis for industrial and
economic development;

 the strengthening of our capacity to participate in international contracts and to
acquire new knowledge through international co-operation.

From this point of view, the third-level education system, through its basic research
activities, delivers three types of output: knowledge, curiosity or intellectual vigour,
and people with skills, qualifications and experience who populate or pass through the
research system.



In terms of building a strong national system of innovation, the value of curiosity and
the stock of human capital (people) produced or trained are particularly important
although these are also outputs of the rest of the educational system. However the
basic research system has an international dimension to it: it is part, literally, of a
world-wide web of researchers through which Ireland can participate in knowledge-
generation and also in the acquisition for use of other people’s knowledge. It is also
capable, in a way in which the undergraduate system is not, of building close,
contractual knowledge-generating links with businesses.

In this regard, due to the speed of change and with the advances in communications
and high speed computing, there is a process afoot in the industrial economy globally
whereby basic research is becoming directly more economically important than it has
been for decades.> Technological change, and even the inventive leap, are much more
important than they have been since the late nineteenth century. Theoretical research
in quantum mechanics in the 1920s and 1930s was the foundation for the modern
microelectronics industry which developed forty or fifty years later. But now
advances in solid state physics can be taken up almost immediately through the
commercial applications of high-frequency lasers in ever more powerful CDs.

By all means, every effort must be made to direct public funds towards building very
strong links between the third-level system and industry, with the basic research
system reflecting the pressures of necessity and use.

Undoubtedly the basic research system is a major component of the national system of
innovation, for all of the reasons noted above. The smooth functioning of this system
is important for a country’s success. One of the key determinants of the differential
pace of innovation among countries is the quality of a country’s scientific base, the
presence of research institutions and, above all, its education. A country with a
scientific élite, but with a workforce poorly trained in the application of S&T, may be
an innovator, but will find it hard to ensure that new ideas are effectively used at
home. The ability of a workforce to make the best use of new technologies may be a
country’s best competitive advantage.

The arguments in favour of supporting basic research are therefore complex whereas
the complaints of academics can sometimes appear self-serving. The most compelling
rationale is probably the need to retain in the country the intellectual élite who will go
abroad if challenging opportunities are not available at home.

In an increasingly technological age it would be wise to heed the results of a \US
survey of 650 industrial research executives, spread across 130 industries, which
found that “ industrial scientists and engineers almost always need training in the
basic scientific principles and research techniques of their field, and providing this
training is a central function of universities. Current academic research in a field,
however, may or may not be relevant to technical advance in industry, even if
academic training is important.”

Compared with many of our competitors, Ireland has a relatively high proportion of
the relevant age cohort in second-level education but there is a particularly low
proportion in the technical/vocational area. At third-level in Ireland the balance of



technology-oriented degrees is biased, again compared to competitor countries,
towards natural science rather than engineering. Further, a very low proportion of
female students study engineering. Until we rectify these trends, our innovative
performance will be less than desirable.

The research capability in the third-level system is the largest store of technological
human resource available to provide ideas for and to solve problems in innovation,
including developing new products and processes. Currently, the third-level research
community seeks to collaborate with enterprises and researchers abroad and this
tendency is actively promoted by STI policy. Until the incentives are greater for
collaboration in Ireland, our innovation system will be the loser.

What this suggests is that funding of basic research cannot today be ignored by
STI policy. However, it also suggests an approach to Exchequer funding that is
very much driven by the stamp of ‘national characteristics’ (a weak National
System of Innovation, a poor culture of innovation and low appreciation of
technology and innovation in the indigenous business community). From this
point of view, STI policy concentrates on directing expenditures and effort
towards building very strong links between the third-level system and industry,
with the basic research system reflecting the pressures of necessity and use - one
of the objectives of, for example, the Programmes in Advanced Technology
(PATYS).

| nnovation in Enterprise

Empirical research across a range of countries has shown that it is firms which are the
prime movers in the innovation process, with research institutions (including the
third-level colleges) and government policy playing important influential roles.

Innovative firms are highly competent in product design, production, management,
marketing and inter-firm links. Achieving these attributes requires investment, but a
high capacity to innovate need not necessarily require large spending on formal R&D.
In addition, these firms generally operate in highly competitive environments and
cater to demanding domestic markets. The result is that innovation is a cumulative
activity, stimulated by a number of identifiable institutional features and linkages
which seem not to have developed in Ireland. Thus, despite the availability of new
technologies, the failure of institutional change to proceed in an optimal manner in the
face of technological change means that productivity and output in many sectors of the
economy has not grown near its potential. Overcoming this disjuncture requires the
strengthening of the Irish National System of Innovation, thus improving the rate of
growth of output and job creation.

STI policy on its own will not create a culture of innovation although the purpose of
contributing to the building of such a culture gives STI policy its rationale. STI policy
must be fully supported by, and must itself in turn also support and influence, other




policy domains. Innovation policy is an overarching framework or theme that in
Ireland, as in the rest of the EU, must link industrial policy proper, S&T policy, fiscal,
educational, and commercial law policy (including intellectual property law) and
wider economic and social policy.

Failure to implement policies to embark on a virtuous circle of innovation,
investment and output growth, will result in Ireland being squeezed between
those, mostly larger, countries which develop new technologies themselves and
low-cost, low-wage, economies which can, in the global trading conditions in
which we now live, also tap advanced technologies and capital.

A wide range of institutional factors must be addressed, including linkages within and
between firms, user-producer relations, the education and incentive system, consensus
building, demand-side factors and issues concerning formal research institutions. This
process will also include strategies to improve the quality and motivation of the
workforce, strengthening of external trade performance, marketing improvements and
a balanced approach to regulation, investment and R&D. In addition, measures to
improve the degree of competition within the economy may be helpful.

An innovation triangle can be envisaged. This involves linkages between consumers,
producers and researchers to put in place the innovation components absent from the
Irish system. These will also involve linkages at both levels of the Irish industrial
structure, i.e. between innovations in the foreign-owned sector and between Irish
companies, and global development blocks located in Ireland.

Actions and policies to promote technology transfer are an effective means to achieve
this. However, special emphasis must be placed on the ability of small and medium-
sized Irish companies to avail of and partake in the transfer and innovation process.
Policy should also concentrate on linkages between the indigenous industrial sector
and the natural resources sector, to exploit inherent competitive advantages and
opportunities.

Reform is required in the education system and linkages between education and the
labour market.

The importance of the public sector in Ireland means that a range of opportunities
exist to promote innovation, especially in relation to procurement and to set an
example of good practice. Many of these opportunities are not being availed of at
present. By instituting a competitive process, the potential obtained through coherent
income and macroeconomic strategies, will become manifest in terms of competitive
performance and an enhanced rate of growth of employment. Continuing global
integration, the expansion of free trade and Ireland’s reliance on what remain
footloose industries increase the urgency of the need for these measures.

Ireland will only improve its poor record of converting new ideas into concrete
realities when its institutional structure is conducive to innovation. This requires




effective and efficient mechanisms to channel individual and company actions made
in their own interest for the public good.

Ireland’s National System of Innovation will only be fully effective when enterprise
sector demand for support from, and interaction with, the other components of the
system is operating to the maximum of its potential. Having a large proportion of the
manufacturing sector with their innovation capability based outside Ireland, and the
non-competitive public sector unwilling to innovate, is a major drawback. For
example, innovation is just as applicable and just as necessary for increased
productivity and human welfare in the area of social goods and services such as the
environment and our education system. However expenditure on R&D and
innovation performance is decidedly weak in this area.

Finally, while firms are central to the national system of innovation, in many sectors
only a small part of the technological effort of enterprises is carried out in permanent
R&D facilities. R&D is not the only way that technological innovation is performed-
design and trial production are others. The evidence in Ireland is that R&D activity is,
on average, about one third of such innovation effort in Irish firms.

As well as public sector and individual firm activities, there are other 'external’ factors
which have or could have a major influence on innovation performance.

Belonging to networks where R&D is being carried out, and where technological
information including “technology watch" activities are readily available, is important
to smaller enterprises. The level of such co-operation among Irish firms is very low.
The capacity of the national system of innovation to provide for and service the
technological requirements of such firms is increasingly important.

The financial system in Ireland, both in terms of the availability of venture capital and
seed financing for new firms, is not conducive to innovation. Fund providers are
unaware or unable to assess the opportunities in high technology businesses and are
reluctant to provide finance based on intellectual property collateral instead of fixed
assets.

More fiscal support is needed to encourage firms to perform R&D and the tax regime
is still inimical to risk taking.

Ideally, science and technology would be as integrated into our society as are the arts.
The citizens of Ireland should feel comfortable discussing topics with a strong science
and technology content and be confident in their decision-making on these issues.

Our economy is becoming ever more knowledge-based and particularly more
technology-based. It is essential to our social and economic welfare that a far higher
proportion of people appreciate the role of technology in the economy and have
knowledge of science and technology, their interactions and applications. Ideally, the
long-term goal has to be to integrate science, technology and innovation into our
culture, to improve the level of debate and decision-making about technological issues
and to have a more innovative economy.



A better public awareness of the role of science and technology in economic
development would have the effect of stimulating governments to do more to improve
the National System of Innovation.

| npact of the European Union on the Irish STI Environnent

No system of innovation can exist in isolation from international scientific and
technological developments. Public investment in research and technological
development in Ireland has been radically transformed over the last decade by two
major external influences sponsored by the European Union. These are the
Community Support Frameworks (CSF or “Structural Funds’) which began in 1989
and the EU Research Framework Programmes. These initiatives in a sense represent a
new dimension to our contractarian framework. They represent a contract with the
European Union, whereby, for its part, the Union transfers resources to Ireland as an
Objective One (less developed) region as part of the Union’s commitment to cohesion
and Ireland for its part, uses those resources wisely as part of a programme to bring its
level of development at least up to the EU average.

The Industrial Development Programme in the first CSF (1989 - 1993) contained a
Sub-Programme for Science and Technology amounting to more than £142m. This
Programme enabled a wide range of public initiatives to be established: examples are
the Programmes in Advanced Technology; Technology Centres in the RTCs; technical
graduate placements; and support for business sector R&D. The impetus to the
system from this injection of funds was continued under the new CSF (1994 - 1999),
where the total public R&D expenditure of some £260m, £217m or over 80% is EU
money.

The European Union is a remarkable achievement. In a still-limited number of policy
areas it truly is a Union. Research is one of these areas - something that is little
appreciated by the general public. The European Commission has always considered
the development of scientific and technological capacity as important for economic
development. For example, the total budget of the present (4th) Framework
Programme is more than ecul3bn (£10.5bn).

The commitment to research is most recently borne out in the treatment of R&D in the
EU Green Paper on Innovation. The EU has, therefore, been active in its support of
Irish R&D proposals. To secure continued support from Europe in the future will
require a coherent case for R&D programmes in the discussions for the next round of
Structural Funds where, once again, technological development will be seen as a
major priority.

The EU Framework Programme has had a very positive effect on the Irish R&D
capability. The Framework Programme embraces all of the research activities funded
by the European Commission including industrial technologies, agriculture and food,
the marine, energy, the environment, health, and the training of researchers.



The objective is, within the cohesion philosophy, to strengthen the scientific base of
the economy and encourage industry to become more competitive at international
level, while promoting all the research activities required by the Maastricht Treaty.

EU research is also conducted having regard to the principle of subsidiarity. The
implication of this is that generally the research is aimed at a European need rather
than the need of an individual Member State. The research therefore tends to be
carried out by consortia of research teams from different Member States.

The Irish research community has competed very successfully to date in EU
programmes, demonstrating their ability to participate and, indeed, lead international
consortia. Irish researchers won contracts to the annual value of £15m under the 3rd
Framework Programme (1990 - 1994). This annual figure is up to £20m under the
4th Framework Programme (1994-1998) in which, to date, Ireland has secured 457
contracts involving 164 organisations, to a value of approximately £55m, with almost
30% going to Irish industry.

An important aspect of the EU Framework Programme, is that it enables Irish
researchers in industry, third-level colleges and research institutes to network with
organisations abroad and to be involved at first hand with technological developments
in Europe and elsewhere. The number of linkages in the current programme is
estimated at 3,500 over all disciplines. Without such linkages, it would be more
difficult for the Irish research community to maintain its standing in the global
scientific and technological community and to transfer the benefits of international
research to Ireland.

Over the years, there has been a concern to ensure that small and medium-sized
enterprises could fully participate and derive benefits from the Framework
Programme. As part of its EU Presidency activities, Ireland is taking the lead on
further initiatives in this area. A Working Group, chaired by Ireland, has produced a
report proposing a series of actions which will enhance opportunities for SME’s to
participate in the 5th Framework Programme, which commences in 1999.

One aspect of European research is that it should take into account the economic and
social disparity which exists between regions of the Union and give preferential
treatment to the less-favoured regions as required by the Treaty. Ensuring that this is
put into effect in European research (while respecting the criterion of excellence in
selection) has always been a challenge for the cohesion countries and may be an even
greater challenge in the 5th Framework Programme.

The debate on the 5th Framework Programme has been launched under the Irish
Presidency. There is a tendency in the Commission's first strategy paper towards
concentration on a narrower range of activities corresponding to the main pressing
needs of large European industry; for greater flexibility to be able to respond to most
immediate needs (e.g. the BSE crisis); and for the institution of a number of task
forces of primary interest to particular clusters of Member States and industry sectors.

The Framework Programme has served lIreland's interests well and we should
endeavour to maintain the basic pre-competitive character of these Programmes.
Ireland fully subscribes to the need for better prioritisation of research expenditure and



for flexibility to be able to respond quickly to emerging trends or problems. While
supporting better prioritisation and a focus on better exploitation of knowledge and its
conversion into improved competitiveness, products and services, we must also show
proper respect for the Maastricht requirements in regard to cohesion and subsidiarity.
All the Member States can make a contribution, according to their national strengths
and opportunities, to European-wide competitiveness. We believe the EU research
effort should be community-wide and unifying in nature - inclusive, not exclusive.

The EU Framework Programme, while big in absolute terms, represents only 4% of
total European public research expenditure. There is, therefore, an even greater
challenge, recognised in Maastricht, to secure greater co-ordination of national
research priorities in the Member States to produce a more coherent, effective and
truly European effort. Ireland supports this and will participate fully in such efforts
and will put in place structures to maximise the benefits of such co-ordination.

Every effort has been made in the many EU-assisted research programmes developed
in Ireland to concentrate on investments with a practical application and a reasonable
expectation of generating support from private sources. There has been a recognition
from the start that Structural Funds will not last for ever and that programmes must
aim to become increasingly self-sufficient. But such is the long-term nature of many
R&D initiatives that full commercial viability is never an option. With the major
political changes within Europe in recent years, a radical shift in the existing CSF
system post-1999 is now more in prospect. Should this result in a significant
reduction in EU support for public funding of science and technology, it would put
pressure on the national Exchequer to meet any shortfall.

The Information Society - an Agenda for Di scussion

The impact and implications of the rise of information technology, the
information economy and the information society are enormous. The following
paragraphs set out some discussion of some of the more major themes. They are
preliminary and discursive and intended to prompt debate and discussion. They
are included because of the premium the information economy puts on strong
national systems of innovation.

For most of the fifty years that the technology of the information age has been
around it has largely been neutral in terms of its employment effects.

In financial terms, for most of the period, its diffusion, spread and adoption has
been characterised by great waste, huge costs and little perceptible gain for the
organisations adopting it. Typically these organisations were governmental or
large commercial entities such as banks and very big industrial concerns. In the
language of economics, information technology has been hugely sub-optimal for
most of the fifty years that it has been around.

However, the last decade has seen history reversed. Everything has changed
utterly and nothing remains the same.




The seminal change was in the shape of the IT marketplace. The supply side of
the market became competitive and competition changed things. Prices fell,
innovation flourished, companies were created and grew phenomenally and in
some cases died and in others, changed their colours more than once.

This competitive market process has made information technology become all-
pervasive, hugely more accessible and usable by everyone. In technological
terms also, there has been a fundamental change in architecture.

We have gone from centralised to distributed computing and from narrow
number-crunching to word processing and communications and beyond that, to
incorporating information technology in industrial manufacturing processes and
in the provision of services: robotics, control systems, kiosks, ATMs, laser
checkouts and so on. And the revolution is still incomplete.

The cumulative effect of all of this amounts to nothing less than a new industrial
revolution, equal in scale, intensity, effect and implications to that of the
nineteenth century. And, as with the original industrial revolution, the societal
impact is profound, potentially in both the negative and positive senses.

Busi ness and Trade Aspects

IT and the information society have magnified and accentuated market forces, the
spread and use of the market mechanism and the premium that attaches to possessing
a strong system of innovation. These developments, of course, are not all down to IT,
although IT and the re-shaping of that industry in the last ten to fifteen years, has been
a major driver of these trends. In the same way as steam, steel and science lay at the
heart of the first industrial revolution, innovation, the appliance of science and
technological progress are at the heart of this, second, industrial revolution.

The information economy will have a dramatic impact on the way business
operates. Companies will have to adapt to the advantages in terms of marketing,
trading, networking, innovating and co-operating with others to exploit an ever-
growing customer base. It will alter the way technology is transferred. The
major opportunities for Ireland being created by the information economy
include the internationalisation of the services sector. Banking, education,
medical, shopping, publishing, logistical, maintenance and many other services
will, in the future, increasingly be supplied remotely to international markets via
telecommunication links. However, the capability of firms around the world to
compete in the Irish market is also a threat.

We cannot undo or reverse the emergence of the information age. To rise to the
challenges presented, business will have to act responsibly and strategically and
trade unions will be required to exercise leadership and realistic negotiating
stances. We cannot run away from these responsibilities or pretend that
everything is inevitable.



The new technologies also provide the opportunity to improve the cost
effectiveness of public services and to reduce disadvantage especially in rural
locations offering a better service to the citizen and support to companies.

Wor k and Jobs Aspects

Many traditional jobs are disappearing as new types of jobs and ways of working
are being created. Long-established industries and ways of life are disappearing
and certain lines of demarcation are being eroded. Established skills are being
replaced. New skills requirements are emerging. The world is being reshaped on
a gigantic scale.

Through it all, looked at from the standpoint of the impact on business and jobs,
certain forces and trends are discernible.

The service content of economic activity is growing. This is sometimes
misrepresented as growth of the service sector, as a sectoral shift in other words.
In fact, service is being built into virtually everything. The world, increasingly, is
all about service - which is not the same thing as the outmoded notion of the
service sector.

There is increasing emphasis on formal qualification in the labour market. There
is even a degree of what is called qualification inflation. The kind of ‘informal
knowledge’ required of a typical manager or worker is also changing. Some
level of computer literacy is now virtually essential for many tasks although IT is
also becoming simpler. These forces have enormous significance for the future
of education and the educational system.

There is a clear trend towards globalisation of the world economy. This, partly,
is as a result of the information society. It is partly due to other forces as well.
Overall though, the labour market effect is to increase job flexibility and, thus,
insecurity.

In the area of business organisation, there is a clear and present trend towards
vertical disintegration, the unbundling of companies and activities, accompanied
by ever-wider use of markets: sourcing out and in, subcontracting, supply
pyramids and t