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. During the past few vears, New Zealand's science and technology institutions, and the way resources are allocated
to science, have been the subject of thorough reform. These changes are now well bedded in and are providing the

platform for an unprecedented rate of growth in public investment in science and technology.

A long decline in funding for science and technology occurred throughout the 1980s, and only began to reverse in 1992
when the Government announced the first of a series of increases in public investment. RS&T:2010 amplifies the
Governments 1993 commitment, made in “Path to 20107, that it would increase public investment in research, science

and technology towards a goal of 0.8% of gross domestic product (GDP) by the year 2010.

RS&T:2010 provides the strategic [ramework for ensuring that the increased investrment contributes effectively to
achieving national goals. However, it is more than an investment plan. It also sets goals for science, research and technol-
ogy in a broader sense and in doing reatfirms the Government's view that the enhancement of New Zealand’s future
quality of life will be increasingly reliant on scientific knowledge and Hmnrzo_om.ﬁm_ know-how. Ensuring that we mm««m_o_u

the knowledge-base and skills necessary depends not only on increased investment by the Government. but on many

other factors. These factors include increased private sector investment in technological innovation, the sending of the right messages 10
young people by employers, and the appraising of the wider community of the value of science and technology in their contribution to
New Zealand’s prosperity and well-being. By spelling cut its own investment and wider policy intentions in RS&T:2010, the Government

hopes that science and technology institutions, private enterprises, and groups in the community will be better enabled and motivated to

plan strategically to achieve their own goals.

Simen Upton

Minister of Research, Science and Technology




. Research, science and technology (RS&T) are important to the

achievement of prosperity and well being for all New Zealand. The
purposes of RS&T:2010 are to provide a strategic context {or investment
in science by the Government, and more generally to encourage the skills
and motivation which will make science and technology work for our
national benefit. This document provides a strategic overview. A more
detailed ‘agenda for action’ is given in the companion document entitled

Action Agenda and Investment Framework.

RS&T:2010 sets out a vision of a New Zealand saciety which understands
the importance of science and technology and is actively investing in
research and technological innovation for our country’s benefit. Three

major goals that need to be achieved are as follows:

* Fostering societal values and attitudes that recognise science and
technology as critical to future prosperity;

. m:?:.:w an adequate level of investment in science as a component in
national life which has cultural value in its own right; and

* Maximising the direct coniribution of science and technology to diverse

social, economic and environmental goals.

Science and technology should be the concern of everyone, not just the
Government, but roles need to be defined so that the collective efforts are

as effective as possible.

The Government invests in RS&T for two main reasons; first to support

those activities which are of wide public use and would not occur without

Government funding, and secondly to help individuals and enterprise
overcome barriers to their own full participation in the RS&T system. In
the first area, the Government fully supports compulsory education and
provides high levels of post compulsory assistance in the form of funds
that underpin scholarly research. Additionally the Government ensures
that its own activities are well-supported by research. In the second area,
the Government ensures that information is available to assist human
resource and education decisions, 1o support the promotion of science
and technology and to assist enterprises to become effective in sourcing
and using technology. An underlying theme is to ensure complementarity

between public and private sector activity

The Government also has an ownership role in science through Crown
Research Institutes (CRIs). This role is undertaken to ensure that
strategically important and long term scientific capabilities are maintained,
irrespective of short term changes in the need for science outputs,
Ownership of CRIs carries little commercial risk because most CRI
research is purchased by the Government itself. However, it helps to
reduce wider risks such as the diversion of science resources into

activities other than research.

This overview strategy sets out an analysis of trends, strengths,
vulnerabilities and opportunities affecting New Zealand's furure. Signifi-
cant positive results of this analysis are that New Zealand has strengths in
niche areas, and that there is human and institutional flexibility. Such

strengths need to be applied in a global environment which is becoming




increasingly open and competitive. However, there are substantial
opportunities available if we have the determination to take them. These
opportunities depend on applying New Zealand’s strengths to the

sustainable use of our unique physical, economic and human resources.

Decision-making in science investment to date has been driven almost
exclusively by information about social, environmental and economic
conditions and trends. Socie-economic factors will continue to be crucial
because they underie the justification for investment. Increasingly
however, information about trends and develepments in science itself -
ie. a “scitence-based perspective” - will alse be applied, both to link
science itself into decision-making and (o ensure that our knowledge bases
and capabilities in science reflect long-term needs. Examples of key
questions that come out of a consideration of the knowledge base are
given in the overview strategy. A more detailed description is given in the

companion document, Action Agenda and Investment Framework.

The complexity of science demands continuing coordination. The National
Science Strategy approach will be maintained but will be complemented

by other initiatives as well.

Strategies need to be backed by resources for implementation. Underlying
RS&T:2010 is the Government’s commitment to increase public
investment in science towards a goal of 0.8% of GDP by the year 2010.
Substantial progress already has been made in the last three Budgets.
Achievement of the goal will however depend on ensuring value for money

and corresponding commitment {rom the private sector.

Public investment in science will in future be managed through a “science
envelope” which incorporates science, research and technology-related
funding from all portfolios, not just the RS&T vote. A pattern of setting
overall levels of RS&T increase three years ahead has now been
established, and increases will be allocated with a strategic framework
and not directly to Votes and programmes. To complement this approach
and provide feedback, evaluation of the results will be comprehensively

pursued.

The strategy pulls together the strands that guided the reforms of the early
1990s, and provides a rationale and platform for the Government growth
commitment. However, success depends critically on that commitment
being matched by private sector investment and by the more general

understanding and commitment of the whole New Zealand community.




. If total investment in research, science and technology is to achieve

its potential to contribute to New Zealand’s prosperity and enhance
quality of life it is important that the investment occurs within the
context of a comprehensive and coherent strategy. The first purpose of
RS&T:2010 is to provide that strategic context. However, it also sets out
mote widely the policies and programmes that are needed to create a
society which understands the importance of science and technology and

has the capability to realise their potential.

Forestry,
Fisheries elc.

Enterprise
Assislance

The Government’s investment in science spans more than one portfolio, as

does the RS&T:2010 Strategy.

The overall strategy is divided into two parts. This first part, entitled
“RS&T: 2010 Strategic Overview”, provides an overview. [t sets out a
vision for the future, the goals that must be achieved to make this vision a
reality and discusses the knowledge bases in science. The role of the
Government in science is also described. The overview then sets out
parameters for quantifving and managing the investment across all of the
Governments activities. The programmes contained in (dﬂm“._wmmmm:nr“
Science and Technology, and the Government’s ownership of the Crown
Research Institutes, are WB._qumE elements of the “science system”,
accounting for over half of the Government’s total investment. However,
the Government additionally makes major investments in research in the
tertiary education sector; and in health research through the Health
Research Council. Government departments themselves also carry out a
significant amount of research te ensure that government policy and

operations are well-founded.

The second part of the strategy, “RS&T:2010 - Action Agenda and
Investment Framework”, sets out an agenda for action for the first years
of the period to 2010 - an agenda that will thereafter be zwmc_mlw updated
and advanced. Long-term objectives are set and indicators of headway are
identified. The knowledge base concept is expanded. The document
finally describes an admmistrative framework for ensuring that the

resources are invested to best strategic effect.



The Vision

The vision for Rescarch, Science and Technology in New Zealand
to the year 2010 is a society which understands and values science and
technology, and their critical role in assuring New Zealand's future
prosperity and wellbeing. It is for a society that maximises the

contribution of science and technology to wider economic, social and

environmental goals through scientific researvch and technological

innovation of the highest quality.

r

. All New Zealanders have a role in achieving the vision for research,
science and technology. Obviously it is not necessary for everyone to be
biechemists or sociclogists. However, it is important for everyone to
appreciate why research, science and technology are important in
New Zealand, and how our industries, health services, environmental
agencies, community organisations and indeed all our enterprises can
benetit from new knowledge and new and improved ways of doing things,
Individuals, educators, private firms, industry groups, local and regional

bodies and central government all have a rele in making the vision a reality.

In science and technology, as in other areas, it is essential that the role of
the Government is clearly delined and understood. All participants, in
both the public and private sectors, can then implement their respective
roles with purpose and determination. The roles of the Government in
science investment and in owning science institutions are described in

the next section,

. To fulfil the vision for research, science and

technology, the following goals need to be achieved:
» Fostering societal values and attitudes
that recognise science and technology as

critical to future prosperity;

» Ensuring an adequate level of investment
in science as a component in national life
which has cultural value in its own

right; and

e Maximising the direct contribution of
science and technology to diverse social,

economic and environmental goals.




. This strategy talks about investment in science rather than ,
spending on science. The choice of words is deliberate. Spending money
on research is just as much an “investment” as buying new machinery,
educating our young people, or building a hospital. 1t is about spending - .

now for future benefit.

Investment in research, science and technelogy is important in both the
public and the private sectors, as is the interaction between the two is
sectors. But if the interactions are to be effective then the respective roles

N need to be understood and actioned.

The role of the Government in investing in science is spelt out in the

following sections, looking at each of the three goals in turn.

IGNS Volcanologist undertakes seismograph monitoring at Craters of the Moon, Wairakei. (TIGNS Photo Library)




‘Main Public Investments

GOAL 1 - Positive Values and Attitudes

. Fostering societal values and attitudes that recognise science and technology as critical to future prosperity.

A positive commitment to science, technology and innovation is an
essential prerequisite for success in the modern world. Without the
confidence and commitment of New Zealanders, the potential contribution
which science and technology offer in achieving our social, economic and
environmental goals will not be realised. New Zealanders as a whole do
not yet have this commitment in the way that other countries do. A
strategy to foster this commitment throughout New Zealand society must
have both a short term and a long term component, and must aim to

~

develop both trust and understanding.

In the long term, the solutions lie in educating a generation of
New Zealanders who have acquired fundamentally different attitudes and
skills, and who will progressively advance to influential positions in en-
terprise and the community. The role of the Government in achieving

this through the support of compulsory education is unchallenged. The

Support for the Promotion of Science and Technology
Careers Information
Resources for Science and Technology Education

Support for Science Centres

contribution of Government input through to tertiary level education and
training is also widely accepted. The new curricula for science and technology

have rightly been emphasised as core educational requirements.

However, providing a broad compulsory education and providing the right
choices of course at tertiary level may not be enough. Parents need to
actively encourage their children to take science and technology
subjects, and signals coming back frem employers need to confirm that
science and technology capabilities are valued. To support decision-
making, information, promotional material and role models need to be
made available to parents, students, educators and employers. These need
to convey the value of science and Lechnology qualifications and careers.
Basic information about supply and demand trends relating to these skills
is also needed. Educational and science institutions, businesses and

employers must take a major share of the responsibility in this area.




| The way our sociely is organised, and the way we view the world, partly
reflect the role of science and rational thinking in our culture. Advances
in science and technological innovation are now widely associated with
improvements in our quality of life. A culture which recognises and
values objective scientific reasoning and investigation will not only
ensure that improvements continue, but will enrich our lives in a wider

sense as well.

m However, scientific and technological information can be used for good
d orill. Science does not operate in a vacuum; those who commission and
carry out research must take respensibility for the ethical consequences of

their actions and be accountable for them.

The public funding of scientific research whose resulis are widely
available to all {(within New Zealand and overseas) is in part a reflection of
the importance of science in our culture. Research undertaken to extend
the frontiers of knowledge for its own sake is an important contribution

the Government can make to the scientific fabric of our culture. Although

G OAL 2-The Place of Science in Qur Culture

Ensuring an adequate level of investment in science as a component in national life which has cultural value in its own righu,

only a relatively small percentage of public research funds are spent in this
way, this spending is vital affirmation of New Zealand’s participation in
the global quest for knowledge. This is also an area of investment where
the Government not only has a clear responsibility to take a lead, but is

best placed to determine the level and general scope of the investment.

An important aspect of a vigorous science culture is a climate that encour-
ages researchers ta challenge conventional wisdom. It is for this reason
that the Government affirms the role of academic freedom within the
universities and provides opportunities for research that can reach out-
side formal research priorities. By ensuring that researchers are not en-
tirely restricted in their choice of research topics. we can maximise the

chances of unforeseen, spontaneous extensions of scientific understand-
ing.

The value of science in our culture is also reflected by support for major
scientific institutions, by honouring those who achieve highly in research
and engineering, and by acknowledging the investment scientists make

within voluntary professional organisations.

Muain Public Investments
The Marsden Fund
Research in Universities

Support for The Royal Society of New Zealand




G OAL 3 - Contribution to Economic, Social and Environmental Goals

P

. Maximising the direct contribution of science and technology to diverse social, economic and environmental goals.

INVESTMENTS FOR THE PUBLIC GOOD

In addition to its “cultural” investment in science, the Government has a
mere direct role in no::.&c::m to the generation of knowledge and
expertise that will help to realise the community’s social, environmental
and economic goals, where the benefits of the research cannot be
sufficiently appropriated by the private sector. This ts where the majority

of the Government’s investment is made.

Underpinning knowledge enables New Zealanders to be informed about
the physical and natural environment of New Zealand. It influences health
and safety, it permits an understanding of forces that shape New Zealand
saciety, and it underpins successful enterprises. In addition, the support
of research aimed at developing rechnology of a generic or widely-

applicable nature is also an important part of the Government’s role.

The Government also invests in research, science and technology to support
its own core services and to ensure that it receives high quality pelicy
advice. The areas in which such investment is required span the whole
range of governmental activities, including secial policy and services such
as health and education, environmental policy and management, and
industrial and economic policy. Enhanced capability in social science
research is needed to contribute to inlormed, well-targeted policy in ail

areas, and (o evalualing the ettectiveness of government policies.

Main Public Investments

The Public Good Science m::m
The Health Research Council

Operational Research in Government Departments

INTERACTION WITH THE PRIVATE SECTOR

The Governments core investment strengthens the overall national
infrastructure for research, science and technology. 1t especially helps to
ensure the availability of resources, particularly human resources,
necessary to conduct effective public and private research.and development,
and to ensure the effective use of technology in enterprises. However, the
role of the Government goes beyond this. There are circumstances in which
private investment may not take place despite potential benefits. Usually
this is characterised by a distinction between appropriable and
non-appropriable research. In more practical terms, factors which may
alter investment include the extent of applicability of the technologies
generated, high transaction costs because of small firm or sector size,
uncertainty, longtime horizon of potential benefits, lack of skills and the
lack of a technology sensitive organisational culture. In these instances
investment by the Government can have a pivotal catalytic impact. The most
important investments the Government can make are educational; ie. in

helping firms to recognise scientific potential, te upskill and access knowledge.

However, it needs to be ensured that public investment in science and
technology complements, and does not overlap with or duplicate, private
sector investment which directly leads 1o commercial benefits,
Complementarity between public and private sector investments is
essential for the health of New Zealand’s overall investment, with each

partner recognising areas of responsibility and mutual benefit.

Promotion of Technology for Business Growth




. The Government makes its strategic investment in science and
technology by purchasing research, technology development and services
from Government-owned Crown Research Institutes {CRIs), universities,
Research Associations and the private sector. CRIs, which are the largest
providers, are corporate bodies, at arms length from the Crown, with full
commercial powers. They are strategically focused on economic and
environmental sectors, eg. forestry and environmental land care management.
This combination of a strategic sector focus and commercial powers
enables CRIs to make an important contribution to the community through
the transfer of research results and technology. Tt also helps to develop

sectoral “ownership” of science.

The Government does not intend to sell CRIs. Science is a long-term
investment and so is investment in science institutions. It is important
that the Government, through its ownership of CRIs, ensures that strate-
gically important research skills and assets are maintained within New
Zealand. Such skills permit the pursuit of research of national impor-

tance when required, irrespective of short term fluctuations in demand.

What the Government Expects of
Crown Research Institutes

. The legislation which ﬁa@.ﬁ&mm a framework for government
ownership of the CRIs describes their purpose as undertaking research.
The legislation requires that they should operate in a responsible manner
so as to maintain financial viability, pursue excellence in all activities,
benefit New Zealand, and promote and facilitate uptake of their research
results and technology development. Financial viability is defined as
generating an adequate rate of return on shareholders’ funds. This is a
return that will ensure the physicat and intellectual fabric of the
institution and enable it 1o withstand a financial “shock” without recourse

to the shareholders. CRIs are not intended to maximise profits.

To menitor performance against these requirements [inancial performance
indicators have heen devised and are being measured routinely. The

development of non-financial performance indicators is under way.

The Government wishes to ensure that strategically-important research
skills and assets remain within New Zealand. The Government does not
intend to achieve this by taking a direct role in funding “inputs” such as
capital equipment or human resource development. The responsibility
for managing inputs lies with the science and technology institutions
themselves. However, as owner, the Government will seek assurances from

CRIs that they will maintain and develop their human capital bases.



Broad Trends Affecting New Zealand RS&T

. The world will become progressively more interdependent as
investment, skills, and information hecome less constrained by national
borders. The international competitive advantage of a nationis enterprises
will correspondingly be based increasingly on the skills and knowledge of

its people.

. Countering the trend towards greater interdependence will be forces

for regional, national or ethnic splintering and trade protection.

- New Zealand will increasingly be identified with relatively

untouched natural environmenis.

. A continuing international demand for efticiently-produced
high-quality food products , lorestry products and other biologically-hased
products, will see a continued reliance by New Zealand on production of
biological raw materials. Although efficiency and sustainability of
production will continue to be important to the viability of our biological
industries, the ability to meet specific market demands, as well as to

differentiate and add value, will be the determinant of real wealth creation.

. Growth rates in non-food manufacturing have considerably
exceeded pastoral exports and that trend is expected to continue.
In creasingly manufacturers are adding service components to their
products as part of their broader marketing strategies. Consequently the

distinction between secondary and service sectors is becoming blurred.

- While service industries associated with tourism will continue to

grow in significance, growth will become increasingly dependent on our

ability to deal with the associated environmental and social impacts.

. New Zealand will increasingly benefit from, and be bound by,
international treaties and agreements, particularly in the areas of trade

and environmental management.

introduction of biotechnology, and the intraduction of exotic biological

Ethical and social issues will continue to emerge surrounding the
controls to counter environmental risks.

._ New Zealand’s location will increasingly offer opportunities to
provide the differentiated, high-quality products in demand in dynamic

Asian markets.

. Maori development objectives and issues deriving from the Treaty
of Waitangi will continue to have a major influence on society and the

economy, and will increasingly influence private sector markets.

information systems will make New Zealandis geographical isolation

Improved international telecommunications and electronic

increasingly irrelevant.




. Advances in technology and changes in the biomedical environment
will increasingly influence access to, and demand for, health services.

. New Zealand demographics will be increasingly characterised by
an older and more ethnically and socially diverse population and society
will change markedly as a result. In parallel, the aspirations of different
ethnic and culrural groups will come into sharper focus.

. The future will see a continued decline in the demand for
low-skilled labour, as the economy focuses more strongly on provision of
skill-intensive products and services. Investment in well-educated and
highly-skilled people, and leading-edge technologies, will increasingly

become key determinants of a successful economy.

RS& T: Our Strengths

. New Zealand science has established world leadership in niche areas
of research, deriving from unique aspects of our environment, geography,

society and economy, as well as from the expertise of key individuals.

innovativeness and lateral thinking, and many have developed

Researchers in New Zealand have a marked capacity for

cross-disciplinary skills, in part reflecting the necessity imposed by a

relatively small-scale science and technology system.

. New Zealand has a strong scientific infrastructure, and
well-established information bases, in the physical and biological

sciences, biomedical sciences and engineering.

. New Zealand has strong international links through individuals,

institutions and voluntary professional associations.

. New Zealand is developing a strong secondary and tertiary

education system in science, technology and engineering.

. The move to a more open science system in New Zealand, including
Crown Research Institutes (with their full commercial powers) and a range
of other institutions, is enabling a stronger and more responsive {ocus on
relevant research and effective links with end-users.

H

investment portlolio is now able to be changed readily in response to

The distribution of resources across the Governments scietice

evolving demand and opportunities.



Our Vulnerabilities -~

. New Zealand continues to be underdeveloped technologically.
Investment in research and development (as a percentage of GDP) is only
half that of other developed countries-under-investment by the private
sector accounts for most of the difference.

1980s, and the short-term contracts which characterised the introduction

The steady decline in science and technology funding during the

of the new science funding system, have negatively alfected the
willingness of science institutions to plan positively for the future.

. The increasing globalisation of science will create high demands
for resources relative 10 other larger countries to permit New Zealand’s
participation in international activities, eg. in areas such as climate change

and biodiversity.

. University research is under pressure as resources are stretched to
meet demands created by increasing student numbers.

outputs has resulted in low priority being given to analysis of issues such

Restructuring the science system to focus on the purchasing of

as human resources, databases, and the physical infrastructure.

historical patterns rather than future challenges and opportunities.

supply and demand in science and technology-intensive occupations.

New Zealand’s research capabilities continue to be dominated by

There is inadequate information about human resources capability,

. The small size of New Zealand’s research base means that there

will always be a tendency for some researchers to be drawn to larger,
better-paying, international groups.

. Until a new career structure is established the morale of science
staff and thus their contribution will continue to be a concern in Crown

Research Institutes.

technology and engineering is very low.

over the protection and utilisation of traditional Maori knowledge

The participation of Maori and Pacific Island peoples in science,

There is a growing concern in the Maori community in particular

(Matauranga Maori} in the context of public investment of science.

. An overarching strategy and coordination are required to achieve

maximum benefit from social science research.

. Appreciation of the role and value of science and technology among
New Zealanders and in New Zealand businesses remains limited.

. ~ There is evidence of a poor appreciation of technology strategy in
many New Zealand businesses, and how it fits within broader business

strategy.

tion from other scientific research, and prevent priorities being set across

Structures for funding health research cause an artificial separa-

all research.

take advantage of new technologies such as genetic engineering.

Resolution of ethical and social issues will be required if we are to




Science and Hmorﬂowom% Opportunities

. New Zealand has established strengths in areas of international
interest, including the environment, earth sciences and engineering, and
biological control. These provide opportunities [or leadership in
collaborative research and exchange of scientific and technological services.

. New Zealands unique geological, biological and geographical
situation within a global context presents opportunities for New Zealand to
play an important international role in environmental science and technology.

. This country's modified ecosystems with combinations of
introduced species provide internationally unique opportunities for
advancing global ecological knowledge.

. Successful negotiation of international trade and environmental
agreements and the surmounting of trade barriers will increasingly
require an understanding of scientific and rechnological issues; this will
create oppartunities to develop alternative approaches and products.

- The characteristics of our population, a well-developed infrastructure
and a deregulated economic environment will continue to provide
opportunilies for research and “test-bedding” of new technologies, eg.

telecommunications, energy and others.

. QOur strengths in food and nutrition research, pharmacology,
human health and performance, will generate opportunities, for example
in “nutriceuticals” and food design, in the increasingly scientific areas of

sports performance, leisure and health industries.

- Continuing international concern [or animal welfare in meat and
related industries will provide opportunities for New Zealand to build
competitive advantage from strengths in animal production and
management research.

- The implementation of national strategies for environmental
monitoring, and for exploring the marine resources within our Economic
Exclusion Zone, are leading to New Zealand enhancing expertise in
related measurement, signal processing and analysis technologies.

. New Zealands rich and unique flora and fauna provide opportuni-
ties [or identifying and commercially developing new food, industrial and
pharmaceutical products.

. The growing sirength of New Zealand manufacturing and
processing industries in exploiting niche markets overseas provides an
opportunity for the growth of associated scientific and technological
support.

. New Zealand's relatively large and untapped marine resources
provide opportunity for science and technology-led development.

. Qur combination of social, cultural and ethnic mix, eur size, and
our history, provide us with the potential to make unique international

contributions in the social sciences.




Information to Support
Cultural Investments

At a broad level, the Government makes a distinction between that invest-
ment which is made to advance knowledge “for its own sake”, and that
which is made to achieve social, environmental and economic goals. The

ratio of these two kinds of investment is approximately 25:75.

Investment in the. advancement of knowledge is made on the basis of
the scientific merit of the research. The knowledge required for making
informed decisions in this area thus resides in scientists themselves. Tt is

applied by processes such as peer review.

Information to Support
Socio-Economically-Driven Investment
Investment in science and technology which is intended to contribute (o
national goals is made in a quite different way. The Government consid-
ers a range of investment sectors, such as manufacturing, health, {orestry,
and the dairy industry. The process used is wide ranging and consulta-
tive, and encourages a broad consensus to be forged on key factors. This
process was used in 1995, through the Science Priorities Review Panel, to
develop recommendations on prierities for the Public Good Science Fund.

Within each sector area, factors considered include the following:

o the future contribution of thai sector Lo the economy and to our

quality of life;

o the extent to which the sector is reliant on research and development
for quality and/or competitiveness; and
« the nature, cost and productivity of the research and development involved.

These factors are predominantly socio-economic in character,

An Additional Science-Oriented
Perspective
The Government’s view is that decision-making in both of the areas
identified would be enhanced by providing information from an

explicitly science-oriented perspective.

It is important that New Zealand can build on the opportunities offered
by its science, technology and engineering research strengths, and be up-
to-date with scientific progress. Conversely, it is necessary to know where
there are gaps in the nations capability. In future, this sort of information

will be included more explicitly in decision-making.

This knowledge base analysis is different from “technology foresight”.
Other countries, especiatly those in a position (o lead the development of
new global technologies, devote considerable resources to this sort of
exercise. However, the usefulness of these attempts to “pick winners”,
especially to a small economy focussing on niche markets, is limited.
However, it is necessary to maintain an awareness of the dynamics of
advances in the knowledge base, so that New Zealands capability can be

adjusted accordingly.




Investing in Knowledge
. A full appreciation of the New Zealand knowledge base in science

will be developed over the next few years and progressively applied to
decision-making. Initial analysis will consist of identifying gaps and
opportunities. However, the analysis will eventually provide a powerful
additional influence on the next major review ol science priorities

in 2000/01.

As well as characterising the knowledge base, this analysis will help to
identify the security of New Zealand’s science capabilities. All of this work

will take a long-term view.

The second part of the RS&T:2010 strategy, “Action Agenda and
Investment Framework”, examines the knowledge base in more detail.
This overview provides only a context for the analysis. The importance
of being aware of our knowledge base, and investing in new knowledge,

can be best illustrated at this level by a number of examples.

What Insect is That?

The Government’s 1995 strategy on the environment, the “Environment
2010 Strategy”, identifies environmental goals and a plan of action which
will require the contribution of science and technology if progress is to be
made. Protecting biological diversity is just one of the pressing issues that
must he addressed in New Zealand. Yet to date, only hall of our insect
species have been fully described by biosystematics experts. Such work is
also essential to containing and controlling pests which threaten our
primary production industries. Maintaining capability in areas such as

biosystemaltics is crucial. New knowledge is also needed to protect

New Zealand's indigenous biodiversity where it is estimated that 20% of
our plants, 40% to 30% of our birds, and at least 50% of our amphibians

and reptiles are at risk.

Under-Sea Wealth?
The Exclusive Economic Zene mc:oc:%:w New Nmm_mda‘.wm»@m‘m\nm‘
ocean-based resources covering an area 14 times larger than the landmass.
[t contains most of the country’ fisheries resources and significant potential
mineral wealth, To date less than 10% of this part of New Zealand has
been even crudely explored. Of the fish stocks that form part of the quota
management sysiem, stock size relative to that which will produce
maximum sustainable yield is known for only 40% of the fish stocks. We
will :_mm& to develop new capabilities in marine science and under-sea
technologies 1o ensure that we understand how to make the most of our

resources in a sustainable and environmentally-friendly way.

§Q~v That Smell?
ing o our primary production industries, particularly meat, dairy and
forestry. The country needs to exploit these strengths, and to pursue the
potential benefits of new knowledge in areas such as molecular biology,
gene manipulation and breeding management. When it comes to devel-
oping processed products to meet niche market requirements, however,
there are signiflicant gaps in the knowledge base, For example, relatively
little is known about what makes sheep meat smell the way it does, which

is a significant barrier in some potentially large markets.




What Social Knowledge do we have about Ourselves?
There are many gaps in our information base on New Zealand society, for
example on Maori society and on women. The delivery of social services
and consideration of the implications of trends such as the ageing of our
population and the distribution of wealth rely on a sound information
base and rigorous social research methodelogies. We must act positively
to build up a knowledge base to underpin moves to better promote a

cohesive society.

World Class?

Not all investment in new knowledge is to “fill gaps”. Investment in
further new knowledge in some already-strong areas will maintain New
Zealandis competitive advantage and develop new opportunities in closely-
linked enterprises. For example, New Zealanders have developed particular
expertise in educational research and in the delivery of education to
remote areas, in digiral telecommunications engineering within a
mountainous country, in niche areas of software application design. All
of this, linked with the new opportunities afforded by the expanding global
communications infrastructure, means that New Zealand commands

significant potential advantage in the delivery of distance learning worldwide.

Did the Earth Move?
Geologically, New Zealand is being deformed by the grinding together of
the Pacific and Indo-Australian plates. Movement of the plates is related

to the time between earthquakes but there is only limited understanding

of why. This process has resulted in a large potential for geothermal
energy. A key knowledge gap for our geothermal systems is better
understanding of deep heat flows into those systems. Without that
knowledge there is the risk of the system running dry. The rapid uplift of
New Zealand’s land-mass also results in rapid erosion and sedimentation
offshore, and has given rise to the sedimentary basins from which our
hydrocarbon resources are derived. Only about 20% of these sedimentary
basins have been systematically assessed. Geological knowledge of these

structures must be advanced, both for national and international reasons.

Understanding the Science Basis for Good Health

Biomedical science has been revolutionised by the development of new
technologies in molecular biology, genetic manipulation, imaging techniques
such as magretic resonance imaging, and other areas. It is one of the
world’s fastest-growing research fields. Because innovation in medicine is
so rapid, it is important to be at the leading edge of new knowledge
development in order to be able to make informed and effective use of
new medical technologies, no matter where they emerge from. Because
New Zealand has some unusually severe health problems, such as high
levels of asthma and respiratory diseases, it is important that new
knowledge is pursued. New Zealand’s biologically-based economy also
makes it particularly important to maintain capability and develop ]
eadership in biomedical research, as much of the new knowledge
generated is relevant not only to human health, but also to the production

of plants and animals.




The Need for Coordination

. Many of the big issues facing New Zealand as 2010 approaches will

require the concentrated and coordinated attention of scientists and
technologists whose joint expertise lies not in a single narrow area, but
spans a range of fields of knowledge. Moreover, like other countries there
must be a move towards sustainable management of resources. This
requires knowledge about the environment, about industrial processes,
about human behaviour, urban development, agricultural production and
much more besides. Opportunity needs to be taken to make the most of
advances in information and communications technology by making use
of expertise in the social, engineering and scientific arenas. lmproving the
health of New Zealanders is another important goal which will require the
comhined effort of biomedical researchers and engineers, health

services investigators, clinical researchers and social scientists.

The need to have regard to specific threats to New Zealand's environment,
society or economy is another important reason for ensu ring a coordinated
and effective science and technology effort. Recent examples have been
marine biotoxins infecting shelltish beds in New Zealand, and the threat
of other diseases, weeds and insects (such as fruit-flies) crossing our

national borders and threatening agricultural production.

National Science Strategies

National Science Strategies are the principal mechanisms which the

Government uses to coordinate science and technology in tackling these

big issues. Development of a National Science Strategy can help focus

research through identilying gaps and opportunities. Strategies currently

operating, under development or under consideration are as follows:

¢ Eradication of Possums and Bovine Tuberculosis;
« Climate Change;

* Marine Science;

* Sustainable Land Management; and

 Biodiversity.

The Natienal Science Strategy concept is intended to be applied

selectively and for limited periods of time.

.Qnrmwwﬁ.m&c roaches to Coordination

Coordination can be achieved in many ways of which the National
Science Strategy concept is but one. For example the Government has
already set up special purpose groups to deal with issues surrounding
“mad cow disease”, and applied soctial science research to support policy
development in government. The Foundation for Research, Science and
Technology, as the main purchaser of public good QO.:nm. is also able 1o
have a constructive coordinating influence, and this will be encouraged

by the Government.

Coordination is also encouraged by helding workshops and conferences
on specific topics, such as ballast water, to bring together the most

up-to-date scientific information to help solve important problems,




Current Patterns of Investment

Total research and development expenditure in New Zealand is over $670 million.
The breakdown of this expenditure, based on a 1992/93 natienal survey of research
and development by the Ministry of Research, Science and Technology, is iltustrated

on the right.

A comparison of New Zealand’s science investment with that of other OECD
countries indicates there is a relative under-investment in New Zealand. The
imbalance is most marked for the private sector. The ratio of private sector
investment to public sector investment in New Zealand is close to 1:2, which is
the reverse of the ratio for the OECD as a whole. In Asian economies, the ratio of
private sector to public sector investment can be as high as 5:1. The rate of
investment in the public secior in New Zealand is more comparable with, but still

less than, the OECD average.

Ahthough public sector investment in science and technology in New Zealand is
increasing, it is doing so at a significantly lower rate than the leading nations in
Asia, For example, since the late 1980s, the annual rate ol increase in government
expenditure on research and development in Korea, China and Singapore has been
around 15%, 24% and 27% respectively. These countries, and Taiwan, are all
working towards targets for national investment {public and private combired} in
research and development of greater than 2.0% of GDP by the mid 1990s. Korea
has a target for science and technology spending of 5.0% of GDP by the year 2000,
with its Government contributing 1.2% by 1996. While such comparisons of the
levels of national investment in other countries do not lead directly to policy
conclusions, they do highlight the importance some of our key trading partners

attach to the development of knowledge-intensive societies.

A ﬁQE\_Si::mSH.mO Increased Future Investiment

The Government is commiited to increasing its own investment in research,
science and technoelogy toward a goal of 0.8% of GDP by 2010. This Enwmmmmm.
investment is being made in recognition of the critical contribution of science and
technology towards the achievement of our goals for the economy, the environment
and for society. It also reflects the Government’s belief that New Zealandss level of
investment should be comparable to that of other countries. This investment can
be confidently made now that structures and processes linking the major part of

the science investment Lo national goals are firmly established.

It is unusual for the Government to express targets as percentages of GDP but
occasionally there is good reason for doing so. New Zealand’s expenditure on
Overseas Development Assistance, for example, is monitored as a percentage of
GDP and compared with that of other developed nations. Similarly, in the 1994
Budger, the Government set itself the target of reducing public debt below 30% of
GDP in the medium term. Clearly, the absolute level of debt is less important than
the ratio of deht to the size of the economy, because the risks inherent in high debt

relate to the relative burden of debt servicing.

Major items of R & D Expenditure
in New Zealand (1992/93, § million,
excluding GST). Total public sector Edacart
investment was $443 million (0.57%
of GDP), and business sector
investment was $227 million (0.29%

of GDP).
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. Likewise, while it is not possible to establish a “correct” amount for public

science investment, it is reasonable that the level of investment should be
considered in the context of the size of the economy, amongst other factors. Most
developed countries and many East Asian economies take this view and monitor
science and technology expenditure relative to GDP as New Zealand has done.
This is because the risks associated with an inappropriate level of invesiment in
science and research, as well as the opportunities associated with exploiting

particular strengths, will vary as the economy changes.

As New Zealand grows richer it will be better able to address the many unanswered
questions that have constrained development. There are also powerful reasons to
increase investment in science and research so as to answer fundamental

questions thrown up by rapid social, environmental and economic change.

Increasing public investment towards the goal of 0.8% of GDP will be more or less
costly in absolute terms depending on the rate of growth of GDP, as illustrated on
the right. Our current level of investment is not even 0.6% of GDF, despite the
significant increases announced through to the 1996 Budget. The Government’s
intention s to achieve a continuing public investment of at least 0.6% of GDP as
soon as Is practicable, to provide a platform for future growth roward 0.8% of

GDP by 2010.

Ensuring Value for Money

The Governments commitment to increasing its investment in science is not
open-ended, and is conditional on the on-going generation of fiscal surpluses. Itis
essential that growth in public investment continues to represent value for money,
and that there is also an increase in investment by the private sector. It is only
through enterprises that scientific and technological achievements can be

transformed into tangible benefits.

SCENARIDS FOR IRCAEASED GOYEANMENT INYESTHENT [N RESEARCH, SCIENCE ARD TECHNOLOGY

Range {or each scenario is 2% 1o 3.5% GNP Growth (Real $1994)
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Zmﬂmmgm the Increased Investment

. Public investment in science occurs across the whole range of
Government activities. This means that a cross-portfolio approach needs
- to be taken to setting investment priorities and evaluating the results. Set
out below is a brief description of how this will be done. A more  detailed
explanation is given in the second part of the RS&T:2010 strategy

Action Agenda and Investment Framework.

:mumum:m:m the Science Envelope

i

Before priorities can be set the scope of the investment has to be described.
The scope of the science envelope (or public investment in'science) comprises
most of the science Vote, the research component of EFTS funding for
universities, rnm_.ﬁ.r research funding, and investment in research as a part
of operational activity in every Vote and government department. The

science envelope currently amounts to approximately 0.57% of GDP

MNHD.:.W Priorities at Top Level: Nﬁi.wmﬂaﬁ.mmﬁ.h Approach

Ttis intended to initially set _uaoznmm. for new science envelope funding at
a strategic level. ‘Once strategic decisions are made these will be a basis
for allocating funding into particular programmes or portfolios. The
strategic framework which will apply will comprise investment in the

following:

* underpinning research, science and technology development,

especially through the programmes like the Marsden Fund and the PGSF;

e the application of science and technology in both the public sector

and in enterprise; and

* management of the overall investment and the provision of

support services.

Implementation

The science envelope approach will be mﬁm:mg for the first time to the

tunding of allocations from the $45 million increase which has been
£

announced from 1997/98. The process will however be applied more

comprehensively to the $40 million increase announced for 1998/99,

Interim Priorities
Management decisions have already been taken over the future

directions of two major compenents of science investment.




The Governments principal investment in science is the Public Good
Science Fund (PGSF). This fund provides underpinning research for all
sectors of the economy. The Government developed in 1995 a Statement
of Science Priorities for the PGSE This statement sets out funding
trajectories for each of seventeen different sectors. The PGST will continue

to be the largest single component of the Governments investment.

Each new research dollar invested in the PGSF between now and the year

2000 will be distributed as shown on the right.

The Marsden Fund supports excellent researchers in the advancement of

”

knowledge. Investment in this “blue skies” fund will grow until a level of

10% of the value of the PGSF is reached.

Evaluation of the Investment |

To complement the measures in place for prioritising and allocating
science funding, an evaluation programme will be set in place. A full

evaluation programme for the PGSF is targeted to be in place by 1998.

Allocation of Each $1 of Additional PGSF Funding (in cents)

Land & Fresh Water 14c¢

Manulacturing 11¢

Earth Resources &

Processes TO Marine & Climate 15¢

. . Antarctic 1¢
Forestry Industries 7¢
¥ Animal Industries 1¢

Lransport 3¢

Information &
Communications 7¢ Energy 4¢

Society & Culi 7c Construction 4¢
Ly ulture

Tourism & Commercial Services 4¢

Dairy industries 6¢ Fisheries o¢




|

The first stages of an implementation plan for the RS&T:2010 strategy are described in detail in the companion document Action Agenda and Investment Framework. The

summary below sets out the key actions that will be taken within the next two to three years towards achieving each of the three goals of the strategy.

Goal 1: Positive Values and Attitudes

The quantity and quality of careers information on science,
technology and engineering will he improved. This will be
supplemented by initiatives to encourage more direct
interaction between employers, teachers, students and science

and technology professionals.

Expenditure on science premotion will be better coordinated

and directed to more effectively target key areas of concern.

Strategies for increasing Maori participation in science,
technology and engineering at tertiary and post-graduate

levels will be & particular focus.

A

Additional training and learning resources will be provided
fo give teachers personal knowledge of how science and
technology contribute in industry, the envirenment and the
community, and to ensure that this experience is utilised

in teaching,

Goal 2: The Place of Science in Our Culture

The Marsden Fund, supporting excellent research and
researchers, will be grown 1o a level of 10% of the 1ol
investment in the Public Goad Science Fund {PGSF) as soon

as practicable and maintained at this level through to 2010.

The Government will work with universities and other

tertiary institutions (o strengthen their research role.

The role of the Royal Scciety of New Zealand will be
recognised by continued funding support, with this funding
focused into activities of the Society which are particularly

important to the overall health of the science system.

Action will be taken to promote New Zealands
participation in the International Council of Scientific
Unions and in international associations of scientific

societies and academies.

Goal 3: Contribution to Economic, Social and Fnvironmental Goals

Investment in the PGSF will be increased as a component in

overall increases in the public investment in science.

Social science research will be premoted so that social policy
decision-making will be supported by better understanding of
society in order that policies can be better designed to meet

people’s needs, and social outcomes will be monitored.

Technology-linked programmes will receive an increasing
share of the overall investment in science and technology, and
these will focus more strongly on the key issues of improving
access to and use of technology, assisting firms to become
technology-capable, and helping move effective enterprises

inte new areas of technelogy with growth potential.

The Government will publish “milestone reports” once every three years as an indication of progress towards the goals.

Key steps in implementing the investment framework

which are expanded upon in the companion document, include the following:

» implementation of the science envelope process, including the setting of strategic priorities; and

s the development of specific goals and performance measures for individual programmes, both to expand upon the three bread goals set out in the strategy and to provide a basis for

Sull evaluation of the investment.




. The overview set out in this decument provides an important
watershed for the development of research, science and technology in

New Zealand.

In the first place, it brings together the various strands that have run

through the process of science reform during the 1990s,

Secondly, it explains the rationale for the growth in science funding to
which the Government is committed. That rationale is one which needs
the support of the whole community if it Wm to continue. However, the
rationale has a deeper significance again. A theme running through the
strategy is that it is not enough for the Government to invest in science.
There needs to be a complementary investment from 9,_..2 sources,

especially enterprise. Success depends critically on a truly national commitment.

Isotope technology is used to detect whether sugar has been added to pure

fruit juice. (IGNS Photo Library)




Within the context of this strategy,

terms have the meanings set out below.

Research is the process of advancing knowledge through systematic investigation. The
advancement of scientific knowledge traditionally involves postulating and testing
hypotheses to gain new insight into, and understanding of, phenomena, and analysing
observed phenomena to elicit underlying principles. Other rigorous and internationally-
accepted methodologies for formulating “research questions” may underpin the
advancement of knowledge in the social sciences and some applied research. The term
scientific knowledge includes knowledge arrived at using these methedologies. Much
research is a creative, long-term endeavour, often characterised by serendipitous side-tracks

and unexpected spin-otfs.

SCIENCE is used as a broadly inclusive term in this document, te encompass research
and also the reutine gathering of raw information as an input o research, the developmen:
of scientific methodologies and principles, and the operation of instruments and facilities

needed to carry cut research. The latter activities are very different to research itsell. They

are predictable and of predefined outcome. It is important that all activities contributing te

the advancement of scientific knowledge are recognised and valued accordingly.

TECHNOLOGY is know-how or practical knowledge which is directly able 1o create
improved and/or more cost-effective products, processes and systems. Know-how Eﬁ? be
attained through the application of science, but might equally be attained through empirical
ohservation, cumulative practical experience, or a combination of all of these. Although
science and technelogy are not necessarily linked at any point in time, technology is
increasingly becoming science based and its usefulness can be extended and enhanced if its
scientific basis is understood. Conversely, the process of technological innovation can yield

questions which ultimately give rise to fandamental advances in scientific knowledge.

ENGINEERING is often not explicitly referred to in this document, to simplify
phraseclogy. However, engineering research is included in “science™, and “research”, and the
disciplines and professional practice of engineering are strongly associated with the

development of “technnlogy™. so are also implicitly included when the term “technology” is used.

Relationship Between Scicnce and Technology

The interactive nature of the relationship between science and technology is now
well accepted internationally and has been throughout the science reform process
in New Zealand. That is to say, it is acknowledged that basic research only rarely
lows through in a linear fashion te applied research, development and
applicalion. Rather ideas can develop at any stage, and basic research may be as
much driven by practical problem-solving or product development as vice versa.
However, technological innovation can and dees occur quite independently .of
research and development. It is thus impottant that the national system by which
new products, processes, practices, systems and so on are developed, in all sectors
of the economy, across government operations and throughout health care,

educaticn and other services are, where possible, examined as an integrated whole.

Other Kinds of Knowledge
Throughout RS&T:2010, as emphasised by the definitions given above, the world
view providing a broader context for the strategy is one based on the broad inter-
national understanding of science. This approach is intended to be
trans-cultural rather than mono-cultural, since science, as described above, is very
much a global endeavour with agreed methodologies and international peer-groups.
However, this does not mean to sav that other kinds of knowledge, such as the
traditional knowledge of the Maori, have no place in New Zealand society or
culture. These ather spheres of knowledge can be studied in their own right and
sometimes have areas of overlap with the global scientific one, and where this

occurs the strategy addresses specific issues which arise,




