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Foreword

If we can embrace its potential, science could be a major game-changer for New Zealand. For too long we
have thought of ourselves as a small farming nation making an honest, but simple living; we have believed
that our strengths lie in agriculture and tourism and that these areas should be the focus of our economic
future. Playing to traditional strengths has merit, but at the same time we must ask ourselves, what is the

long-term economic carrying capacity of these sectors? Are these sustainable ways to create long-term
wealth for New Zealand?

If we are serious about holding on to our unique culture and way of life, preserving our beautiful country
and creating sustainable wealth then we need to raise our eyes above the horizon. I have no doubt that
New Zealand has the potential to transform itself into a thriving knowledge economy, taking advantage of
the sheer scale of foreign markets to sell high-end technological and creative products, without exhausting
the land. That future requires us to aspire. But it is a future that we can create. We are rich in water and
energy resources, we have a great education system, world-class science and engineering, a vibrant artistic
and creative sector, quality urban environments and a civil society. When we combine all this with our
unique landscapes, and our pristine mountains and seas, we have the chance to be “The place where talent
wants to live’.

The gulf between vision and strategy is no small obstacle to navigate. We cannot expect to simply

invest more money into scientific endeavour and think that industry will flourish on this alone. What

is needed is a national strategy and the resolve to move consciously towards its vision. This is not just a
challenge for the science sector; the New Zealand public need to be engaged and inspired, to be involved
as stakeholders and investors, and to be willing to take up this challenge alongside the science community.
The challenge for the scientists is to articulate and act upon the values that will inspire their fellow citizens.

This report addresses the issue of values and the role of science in contributing to New Zealand as a
sustainable nation. It addresses the relationship between science and ethics, the concept of frugal science
and the idea of science driving policy. It is not just a review of science; it is an exploration of the conceptual
thinking and strategy that drives government investment in science in New Zealand. It addresses the
inherent challenge of ensuring top performance by exploring the role of science in New Zealand and
questioning how its systems and institutions can be better directed toward a sustainable national strategy.
This document provides the basis for a conversation that needs to be happening across New Zealand.

ot Gy

Sir Paul Callaghan GNZM FRS FRSNZ
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Executive Summary

[1]f we look to what should be the grand object of all study, the formation,
namely, of the mind and the character, it will be found that there is scarcely any
mental or moral facility which Science cannot develope and discipline.

Governor Sir George Ferguson Bowen.
First President of the New Zealand Institute
Inaugural Address, 1868

In 1868, in the inaugural address of what was to become the Royal Society of New Zealand, Governor
Bowen noted the significance of science to what he termed ‘the grand object of all study’ - the formation
of the mind and character. This report looks not at the specifics of science but at society's investment in
science. The proper role of this investment is to foster science that serves the public interest. Government-
funded science has a vital role to play in shaping New Zealand’s future, but the successful fulfilment of
that role depends on the will of its citizens to embrace science, and the will of its scientists to embrace the
needs and wants of society.

Assessing and strengthening the relationship between this process of investment and the broader context
in which it occurs is critical if we wish to pursue science as a powerful tool for leveraging social action and
improving well-being. A compelling vision, well-defined strategic intent, and a comprehensive strategy

are all necessary to ensure this investment delivers on its potential. Essential to all these things is a broader
discussion about what sort of future we want, and how we should work to achieve that future. This report
aims to contribute to this important conversation by exploring the system of government-funded science
in New Zealand. The report finds that there needs to be greater compatibility between government-funded
science and the public interest, and that the responsible minister, policy analysts and science administrators
will need to be very disciplined and committed if we are truly going to embrace science in this country.

The Approach

This report aims to contribute to the limited dialogue concerning the government-funded science system,
in the hope that New Zealand invests its research dollar well, and delivers sustainable outcomes for
current and future generations. The report is divided into four parts:

e Part one explains the purpose of the report and provides a brief overview of the methodology
(Sections 1 and 2).

e Part two consists of three sections, which explore the historical context (where government-funded science
in New Zealand has been; Section 3), the global context (the weak signals and wild cards that currently exist;
Section 4) and the policy context (how science policy has responded to the global context; Section 5).

e Part three analyses the current government-funded science system. This is divided into three sections that
address purpose, strategy and execution (Sections 6, 7 and 8). More detail on these sections can be seen in
Figure 1.

e Part four identifies a number of key themes that become apparent in the earlier sections. Section 9 looks
at policy knots - the questions that remain at the forefront of the debate yet are not often confronted.
Section 10 suggests ways to optimise society’s investment in government-funded science. In particular, it
looks at the beliefs that are getting in the way and recommends nine key areas to recalibrate the system.
Where possible, our approach has been to separate fact from opinion; allowing readers to make their own
judgements about questions that remain outstanding, myths that act as constraints on the current system,
and the actions necessary to optimise the government-funded science system.

SCIENCE EMBRACED 2058



EXECUTIVE SUMMARY

Figure 1: The Strategy Pyramid
Source: Adapted from Kaplan & Norton, 2004: 33; 2008: 37

Purpose
Strategy
Targets and Initiatives
What will we need to do?
. Performance Indicators
Execution How will we know we are successful?

Strategy Map
How will we test and communicate the strategy?

The report is built on an assumption that society needs good science. However, it finds that the
government-funded science system has a long way to go before it delivers value to society through the
provision of a vibrant and dynamic science community that is committed to working hard to achieve a
shared vision for the future. What then is the formula for unlocking the science system so that it fosters
significant improvements in the well-being of New Zealanders?

The Nine Pillars of an Optimal Science System

The formula for improving well-being through science consists of nine strategic pillars that together
build a space where science and society meet. The pillars build sequentially on one another, creating

an integrated and transparent framework in what could loosely be called a social contract. The pillars,
in order, are: an agreed mission, a clear set of values, a compelling vision, a clear strategic intent (i.e. a
preferred strategic direction), a set of overarching drivers, a set of enablers that meet the strategic intent,
a comprehensive set of targets and initiatives, a set of indicators to benchmark progress over time and
between countries, and finally a strategy map that communicates on one page how the strategy will
deliver improvements to the well-being of New Zealanders.

The first pillar, the mission, is about ensuring there is clarity as to why the government should invest
public funds in science and what would happen if this did not happen. Little exploration of this question
is apparent in the literature; instead, there seems to be an assumption that this is what developed countries
do. Why should this system be regarded as the best way to improve well-being, rather than, for example,
purchasing expensive overseas-developed drugs to make New Zealanders well or creating generous
research and development tax credits for businesses and allocating funds directly to central government

to purchase the policy they require? Understanding why a system exists is an important starting point for
designing an optimal system.

2058 SCIENCE EMBRACED
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a

The second pillar is a set of shared values. The Ministry of Science and Innovation (MSI) indicates that
a set of values is “‘work in progress’, but this is not good enough. A clear set of values should be driving
change, not treated as an add-on after the main event. From our research, six values are paramount:

Value 1: To be honest.
Value 2: To discover.
Value 3: To serve.
Value 4: To sustain.
Value 5: To educate.

Value 6: To be accountable.

When rules and regulations fail, values are all we have. The right values enable those within the system
to know right from wrong, know good science from bad, improve communication, collaboration and
teamwork, and allow the system to respond consistently to ideas and issues, risks and opportunities, and
emerging challenges.

The third pillar demands a compelling vision, one where short-term compromises and hard work are
acceptable because of the long-term benefits they will deliver. MSI has put forward the vision of a ‘high-
performing science and innovation system improving New Zealanders” wealth and wellbeing’. This vision
is about performance, and is as much focused on innovation as on science, as much on wealth as on well-
being. This sets in place a research and development agenda that tends to focus on how the innovation
process might create economic wealth. In contrast, a more compelling platform to attract and commit scientists
is likely to be one that focuses on how the science process might best deliver improvements in the well-
being of New Zealanders. For example: Science contributes to making New Zealand a sustainable nation.

The fourth pillar is strategic intent. Without transparent processes in regard to the identification and
selection of strategic options, an optimal strategic direction will not be developed. New Zealand cannot
afford sloppy thinking; it needs to put in place a clear strategy that says as much about what it will not focus
on, as what it intends to focus on. The current system lacks a clear strategic intent, one that clearly sets out
how well-being will be improved. After a great deal of discussion and deliberation, we suggest the strategic
intent for the government-funded science system should be to focus on the following four objectives:

Strategic Intent 1: To inform public policy.
Strategic Intent 2: To improve the physical and mental health of New Zealanders.
Strategic Intent 3: To improve the financial security of New Zealanders.

Strategic Intent 4: To contribute to solving global problems.

Science must inform public policy, but as evidenced in this report, there is little proof that science -
whether it is social, environmental, health-related or some other form of science - is shaping public
policy. This aligns with the findings of the 2010 Policy Expenditure Review, which inquired into the
cost, alignment, efficiency and quality of spending under the appropriations for policy advice and found
that inconsistencies and gaps exist. It is also reinforced in a recent discussion paper by the Chief Science
Adpvisor to the Prime Minister, who puts forward a case for the need to provide better use of evidence in
policy formation.

Health, both physical and mental, is a key contributor to the well-being of New Zealanders, yet in the
current system it fails to gain the level of financial support and focus one would have expected. For
example, although there is a Health Research Council, it does not report to MSI, nor is there a Crown
Research Institute (CRI) that focuses on health, meaning research and development in health is at best on
the periphery of the system.
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In terms of financial objectives, rather than referring only to wealth creation, the ability to preserve and
grow other forms of capital such as intellectual capital, human capital, resource capital and natural capital

should also be included.

Lastly, the current system does not focus on global problems, or indeed the opportunity to contribute to
solving global problems. There appears to be a growing number of areas where New Zealand could join or
lead global research partnerships aimed at resolving global problems. Synergies from such partnerships are
likely to include opportunities to build capacity and recognition while at the same time contributing to
the well-being of New Zealanders.

All four of the strategic objectives discussed above provide a clear intent, which can be further built upon
to strengthen the system and ensure optimal outcomes.

The fifth pillar is clarity over the drivers that support the strategic intent. The current drivers of the
science system tend to be broad ranging and nondescript. Drivers denote action and answer the question:
if we decided to focus on three or four things to improve the system, what would they be? From our
research, potential drivers that would deliver significant outcomes in the long term include a focus on
foresight, education, and sustainable energy and food. For example, foresight can be used to test whether
the current strategy has external cohesion with what we know or suspect about the future. Education

is key as it is not only necessary to create good scientists, but also to create an informed society that is
able to embrace science because its citizens know, use and receive the benefits. This means the public
need to appreciate the nature of scientific inquiry, understand the processes that exist to test and peer
review science, know the benefits of applying science discovery to business enterprise, and value the
general knowledge that enables us all to observe and reflect on our current state of progress. Like science,
education is a long-term investment, but it should also be assessed frequently to ensure any emerging
young Ernest Rutherford or Beatrice Hill Tinsley is identified early and is supported to rise to the top,
much in the same way potential sports stars are identified and supported early.

Universities also have an important role in transferring science to the private sector, as in the often-cited
example of Stanford University’s 700-acre industrial park, which was created in the 1950s specifically for
private companies to commercialise the ideas of students. Education is currently undergoing significant
change, which in turn provides a huge opportunity to utilise the learnings from scientific research, create
science summer schools for budding scientists and integrate science inquiry into the curriculum.

The sixth pillar is a set of enablers to achieve the strategic intent. Our research identified five key
enablers that need to be recalibrated: the institutional framework; scientists; research infrastructure;
funding, and the regulatory framework. All five enablers need to work together to deliver on the strategic
intent. Past experience would indicate that decision-makers tend to focus on changes to the institutional
framework, rather than considering the other four enablers. This is unfortunate as institutional changes
tend to be expensive and time consuming, therefore benefits take time to eventuate. Contrary to past
practice, we consider there are real benefits to be gained from fine-tuning the other four enablers so that
internal cohesion exists and synergies are gained.

Enabler 1: Institutional framework.
Enabler 2: Scientists.

Enabler 3: Research Infrastructure.
Enabler 4: Funding.

Enabler 5: Regulatory framework.

2058 SCIENCE EMBRACED
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6

Enabler 1: Institutional framework

The current system is designed on the basis that more New Zealand research leads to more New Zealand
development. We do not believe this is true (see Myth 1 below); we argue that they are two separate
activities and require two different forms of management. This means that although we generally find the
current institutional framework workable, there are two exceptions. Firstly, we suggest that development
funds (those currently administered by the Innovation Board) should be appropriated to a sector better
correlated with development, such as the Health Sector or the Economic Development Sector. The
Education and Science Sector should retain the Science Board funding, appropriated to MSI, and focus
specifically on education and scientific inquiry.

Secondly, the purpose of the eight CRIs does not align with the six priority investment areas. Ideally, they
should be merged to form three entities: a biological development arm (a combination of AgResearch, Plant
and Food, and Scion); a high-value manufacturing and services sector (HVMSS) development arm (IRL), and
an environment research arm including energy and minerals research, hazards and infrastructure research
and environmental research (a combination of ESR, Landcare, NIWA and GNS Science). Further, the
current Health Research Council would become a CRI, creating a fourth arm focused on health and society.
In addition to reporting to the Minister of Science and Innovation and the Minister of Finance, we believe
CRIs should be required to report to the minister most closely related to the area in which they operate.
For example, the Minister of Agriculture and Forestry for the biological CRI; the Minister of Economic
Development for the HVMSS CRI; the Minister for the Environment (or Minister of Conservation) for the
environment research arm, and the Minister of Health for the health and society CRI. The role of MSI would
then be one of coordination, administration of the funding, and reporting on the input, process, output and
outcomes of these four CRIs.

Enabler 2: Scientists

The 2010 Policy Expenditure Review recommended that central agencies should investigate a model of
appointing Heads of Profession. This led to a Central Agency Policy Steering Group being asked to
enter into discussions with the Chief Science Advisor to the Prime Minister with a view to looking

at options on how to progress a Head of Science Policy. One of the findings of this report is that

those who operate in the science community do not administer themselves as a profession; there is no
qualification or organisational body that sets standards as to when and how the term ‘scientist’ may be
used after someone’s name. Providing more clarity over how this term is used would promote the science
community and enable it to develop a better long-term relationship with society.

We believe the issue of who is a ‘scientist” could easily be resolved by adding a professional body within
the Royal Society, in much the same way the New Zealand Institute of Chartered Accountants (NZICA)
administers use of the term ‘Chartered Accountant’. For example, the term ‘Professional Scientist’ could
be used to identify individuals who have a Bachelor of Science degree, have four years’ work experience
and now spend more than 50% of their working hours on science-related research or development.

Enabler 3: Research Infrastructure

The 2007 report prepared by the Research Infrastructure Advisory Group assessed the research
infrastructure needs from 2007-2012, and was to be followed by the preparation of a government strategy
for the sector. This project has been put on hold while the recent structural changes are finalised. Research
infrastructure provides a strong platform from which the science sector can deliver globally competitive
science, and it is timely for a deeper and broader public discussion on the optimal investment strategy.
This should include the establishment of a register of current research infrastructure to ensure that assets
are well utilised and properly maintained, and allow for an assessment of what should be outsourced or
financed through public/private partnerships.

SCIENCE EMBRACED 2058



EXECUTIVE SUMMARY

Enabler 4: Funding

Funding for the research agenda is the primary vehicle for change; as such it must be robustly debated,
signed off by Cabinet, transparent, and reported against annually. Further, we consider the research
agenda should be reassessed annually; this does not necessarily mean work programmes need to change,
but they could be modified or fine-tuned to meet new and emerging needs and opportunities. There is

a feeling in the literature that once a research investment is approved, it is a sunk cost. In business, it is
about squeezing the best outcome out of an investment; hence an annual review of the research investment
portfolio should be a matter of good practice, particularly in these challenging and changing times.

It is important to be able to assess whether the establishment of the ten CRIs in 1992 met investment
expectations. Have they greatly enhanced the transfer of technology, and are there better ways to meet
that goal? The funding of CRIs has long been a vexatious issue in the science system. The 2010 Crown
Research Institute Taskforce resulted in a major change to the way in which CRIs are funded, with

the introduction of core funding. The changes to date are improvements, but do not necessarily go far
enough. We suggest that there needs to be a set of criteria to determine the optimal percentage of non-
contestable funding (i.e. core funding) to total funding for CRIs, and that further inquiry should be
undertaken to understand the risks, costs and benefits of these percentages. Given the suggested merger
proposal above, our thinking would be that primarily commercial CRIs should receive a lower percentage
of core funding, e.g. 45%. This is in contrast to CRIs with a less commercial focus, which should receive
significantly more, e.g. 75%. The percentage of health and society funding would need to be considered
more closely if a CRI were to be created in this area.

Enabler 5: Regulatory framework

The implementation of necessary regulations on public and private activity is critically important, yet it is
often subject to criticism from many in the science community, frequently without supporting evidence.
Safeguards against financial failure and environmental pollution, as well as regulations that support
research and development, encourage investment, and the lodging of patents and intellectual property,
inspire the private sector to grow. Scientists should embrace regulation as a means of creating a stable
and robust market for development to flourish. This is not to say tweaking is not necessary, particularly
as new research informs best practice, but the assumption that regulation negatively impacts on growth
appears grossly overemphasised in the science community. Instead we found that risk management
practice and ethical standards appear significantly behind public expectations, as indicated in examples
relating to genetic modification, the Dairying and Clean Streams Accord and National Water Standards.

The seventh pillar relates to the need for execution of the strategy, in particular the need for clear
targets and initiatives. Not only must each target be clear and concise, but the linkages between the target
and the initiatives must be logical and achievable. Fundamental to this pillar is the need for the research
agenda to be a publicly available document. It must not only list the agenda, but also explain how it was
formulated, what evidence it was based on, and who was involved in its development. In other words,
the same process of peer review that is common practice in science should also be applied to the research
agenda. Ideally, the agenda must set out the high-level problems and mysteries it is trying to solve, and
clarify how the research results will create value and how such findings might lead to further research or
development. This could be explained using influence diagrams, a useful method for showing how one
level of research can feed into another, making it clear that there is an order in which the research should
be conducted to best solve the high-level problem.
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The eighth pillar relates to the need for a comprehensive set of indicators to benchmark progress
over time. One of the key assumptions underlying this paper is that citizens are key stakeholders

in government-funded science, a point that is not always apparent in the current system. MSI, as the
lead agency, must endeavour to report on the research agenda (input), the administration (process),

the output (investment report) and outcomes (improvements in well-being) in a clear and transparent
manner. Indicators of interest include the administration costs of the investment dollar for each method
of allocating investment funds. For example, if the high-level problem was to reduce phosphate run-off,
initiatives could be to research alternative forms of fertiliser, placing a tax on phosphates, looking at
how to maximise the value from phosphates (e.g. application methods and timing of application), and
reviewing ways to protect freshwater streams. A key indicator would then be a reduction in the imports
of phosphates in to New Zealand.

The ninth pillar is testing and communicating the strategy to stakeholders through a strategy map.
Strategy mapping is a concept that was developed by Professor Robert S. Kaplan of Harvard Business School
and Dr David Norton, founder and director of the Palladium Group. Mapping a one page strategy has
proven a very useful instrument for bringing about change. Since MST’s strategy is still a work in progress,
this report provides an opportunity to showcase this tool in action (see example in Figure 36, page 126).

Together all nine pillars set out a way to develop a culture that embraces science, but this will not be enough.
It is clear from reviewing the system that much of the debate on strategy is centred on the pillars in the
middle of the strategy pyramid, and in particular on certain aspects of the enablers. The lack of focus on the
remaining pillars is a key concern. Clarity over purpose and execution is fundamental to improving well-
being; hence refocusing the debate on these pillars is the only way for real progress to be made.

The Way Forward

Put plainly, we need to research the research. Section 9 puts forward 30 policy knots, all of which must
be addressed if we wish to develop an optimal government-funded science system in New Zealand (see
Appendix 6). From this work it has become increasingly apparent that a number of dominant beliefs are
not supported by evidence and are likely to be untrue. Dominant beliefs that are untrue are myths, and
are extremely dangerous in that they can lead to poor decision-making based on false assumptions. If we
want an optimal system, we need to ensure that the system design is based on beliefs that are true. Section
10 discusses each of the following four myths, addresses the implications if these myths were busted and,
lastly, suggests how each of the nine pillars would be redesigned.

Myth 1: More New Zealand research leads to more New Zealand development.
Myth 2: New Zealand research informs New Zealand public policy.
Myth 3: Science ethics are embedded in science practice.

Myth 4: ‘Innovation’ is a useful term to drive the government-funded science system.

One of the key findings from this report is the idea that research and development are different activities,
requiring two very different management styles. Research should be undertaken to inform policy and
inform investment in science, hence it is about the research agenda and infrastructure; who sets the
agenda, who implements it and who reviews the results. In contrast development is about new products
and services; who creates them, what markets and niches will be targeted, who are the investors and who
delivers them to the market. Both research and development intersect with society, but the first is about
shaping society through policy, while the latter is about shaping society through products and services,
and the wealth they create.

If government wishes to invest in science to preserve and improve our wealth, it must do so by applying
the same rules as business. This means government must set the investment criteria including the level
of business risk acceptable, the boundaries of the investment (and require approval to go outside these
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boundaries), the level of due diligence, and the frequency of independent and comprehensive reviews of
individual investments and the overall investment portfolio. In this way value can be assessed, and if it is
not performing or the government wishes to change the direction of the public’s investment, it can do
so by changing the investment criteria, the level of investment, the membership of the boards, and the
boundaries so that outcomes can be optimised.

Critical to understanding why such a high-level of governance is needed, is appreciating why it is
important. It is not the size of the investment that is crucial (just under 1% of government expenditure)
but the fact that it is one of the few areas where government invests solely in our future. Much of
government expenditure responds to past problems and current issues, the urgent issues that drive day-to-
day activity. The opportunity for the science sector is to focus on the important issues that deliver leaps
in progress. In addition, science is a long term investment, it takes many years to undertake research or
develop new products and services, and therefore it takes even longer to acquire the benefits. However,
although it is a long-term investment, when done correctly the returns can be greatly disproportionate to
the level of investment.

Another idea from our research is that over the last twenty years government has wrongly put its effort
into creating a dynamic and creative government-funded science system, in particular through the
establishment of CRIs. In contrast, we believe the role of government should be two-fold: to create a
stable and evidence-based government-funded science system while at the same time working with the
private sector to help make it more dynamic and creative.

To conclude, greater compatibility between government-funded science and the public interest requires
progress in three areas. Firstly, it requires ministers and policy analysts to be clear about what research
they need, to have in place systems that assess and quantify the quality and independence of the research
that is provided, and to report back to researchers on what was useful and why.

Secondly, it requires the science community not to distance itself from the public interest, but to

seek out better practices that enhance the profession, such as ethical standards, public accountability,
comprehensive reporting, and a high level of transparency. In particular, we suggest that science needs to
be treated as a profession. Experience indicates this is best created through a membership organisation;
one that is supported by individuals rather than entities, so that it creates a society of scientists, not science
organisations. This way, scientists can strengthen their collective voice.

Lastly, it requires MSI to be disciplined and committed to providing an example of how science can

be embraced to improve well-being. The ministry needs to be an example to the science community -
brilliant, agile, forward-engaging, demanding, tactical, flexible, highly focused, ethical and disciplined -
but most of all, it needs to create a strategy that compels the minister, scientists, industry and the public to
join in a work programme that will deliver New Zealand to new levels of performance.

If New Zealand wishes to pursue science as a powerful tool for leveraging social action and improving
well-being it is clear that there is significant work to do. It is our hope that the insights, issues and ideas
put forward in this report provoke discussion and provide some light as to the best way forward.

[Wie all learn what are useful ideas or otherwise as we go.
Beatrice Hill Tinsley, 1941 - 1981

We don 't have the money so we have to think.
€y
Ernest Rutherford, 1871 - 1937
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1. Purpose

This report forms part of the Institute’s Project 2058 and aims to assess the extent to which the current
government-funded science system is capable of delivering value for New Zealand. In addition, and where
appropriate, it suggests how the current system might be improved to achieve better long-term outcomes. To
support this report, the Institute has undertaken an analysis of New Zealand’s government-funded science
system, science institutions and comparative international systems. This analysis is documented in two
background reports and six working papers (see Section 2 for the full list of reports and working papers).

This provides background information about the Institute and Project 2058, and then answers three
questions: what is government-funded science, what is a National Sustainable Development Strategy
(NSDS) and what is the relationship between an NSDS and government-funded science?

1.1 The McGuinness Institute and Project 2058

The McGuinness Institute (previously the Sustainable Future Institute) is a privately funded, non-partisan
think tank working for the public good, contributing strategic foresight through evidence-based research
and policy analysis. The Institute’s flagship project is Project 2058. The research program began by exploring
the landscape through discussions with experts in the area then establishing our key objectives. The Institute
then employed a research team and identified and invited external reviewers to guide the team through the
process. Appendices 1 and 2 list the research team and the external reviewers involved in this report.

Earlier work by the Institute found that New Zealand is well behind on its international obligations to
develop and implement a National Sustainable Development Strategy (NSDS) (SFI, 2007). The strategic
aim of Project 2058 is therefore to promote integrated long-term thinking, leadership and capacity-
building through the development of an NSDS that effectively seeks and creates opportunities while
simultaneously exploring and managing risks over the next 50 years. It is hoped that Project 2058 will
help develop dialogue among government ministers, policy analysts and members of the public about
alternative strategies for New Zealand’s future.

In order to achieve this aim, the Project 2058 team is working to:

1. Develop a detailed understanding of the current national planning landscape, and in particular the
government’s ability to deliver long-term strategic thinking;

Develop a good working relationship with all parties working for and thinking about the long-term view;
Recognise the goals of iwi and hapd, and acknowledge te Tiriti o Waitangi;

Assess key aspects of New Zealand’s society, asset base and economy in order to understand how they
may shape the country’s long-term future, such as government-funded science, natural and human-
generated resources, the state sector and infrastructure;

Develop a set of scenarios to explore and map possible futures;
Identify and analyse New Zealand’s future strengths and weaknesses, and global opportunities and threats;

Develop and describe a desirable sustainable future in detail, and

© N o v

Prepare a Project 2058 National Sustainable Development Strategy. (SFI, 2012a)

Earlier reports by the Institute have addressed, in particular, points 1, 3, 5 and 6 above. This report, along
with the supporting background reports and working papers, is designed to help progress the fourth
point, by providing an assessment of government-funded science. The final output of Project 2058 will be
point 8, the creation of the Institute’s NSDS for New Zealand.
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1.2 What is Government-funded Science?

As part of government spending, government-funded science sits within the Education and Science Sector,
which is one of the 10 sectors that group government appropriations. See Figure 2 below and Appendix 3.

Figure 2: Vote S&I — Sector Appropriations, 2010/11 (Estimated Actual)
Source: Adapted from Treasury 2011a: xv—xvi; 2011b: xxviii-xxix
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Science sits beside education, rather than in other related sectors such as economic development and
infrastructure, health or the environment. This implies its high-level purpose is to inform (educate) these
other sectors. In this report government-funded science includes all funds allocated through Vote Science &
Innovation (Vote S&I).!

In 2011/12 these budgeted funds amounted to $773.7 million, which accounted for 0.94% (compared with 0.96%
in 2010/11 [estimated actual]) of total government expenditure for this period (Treasury, 2011c: 273; 2011b:
xxviii-xxix).> See Figure 11 for a detailed breakdown of Vote S&I appropriations budgeted for the year 2011/12.

A number of research funds exist outside of Vote S&I, such as the Performance Based Research Fund (PBRF),?
and are managed via Vote Education, Vote Agriculture and Forestry, and Vote Health. The administrators of
those funds are the Tertiary Education Commission (TEC), Ministry of Agriculture and Forestry (MAF) and
the Health Research Council (HRC), respectively.* However, these funds are not the primary focus of this
report. Details of other purchase institutions are outlined in Appendix 2, Report 9b (SFI, 2011a: 12) and the
MSI infographic (MSI, 2011a).

Much of the literature also refers to public science interchangeably with government-funded science; however,
the term public science is not used within this report as there also exist privately funded public research and
publicly funded private research. For example, the New Zealand Institute, the Morgan Foundation and this
Institute are all privately funded to benefit the public good.

1 Prior to 1 July 2011 Vote Science and Innovation (Vote S&I) was known as Vote Research, Science & Technology (Vote RS&T) (Treasury, 2011c: 270).
Also the appropriations that were in Vote Crown Research Institutes in 2010/11 are now in Vote Finance 2011/12 (Treasury, 2011d: iv).

2 Vote S&I 2011/12 was $773,700,000 (Budgeted) (Treasury, 2011c: 273); total government expenditure 2011/12 was $82,050,480,000 (Budgeted)
(Treasury, 2011b: xxvii-xxix)). Vote S&I 2011/12 = 0.94% of total budgeted government expenditure in 2011/12.

3 See report on the Performance Based Research Fund (PBRF), Bakker et al. (2006).
4 For information on specific funds and the administrators’ investment strategies see MoE, 2010; MAF, n.d.; and HRC, 2010.
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1.3 What Is a National Sustainable Development Strategy?

In 2001, the New Zealand Cabinet agreed to produce an National Sustainable Development Strategy
(NSDS), but to date this decision and the resulting commitment to the United Nations to produce an NSDS
remains unfulfilled; the New Zealand government has not produced an NSDS.> New Zealand’s commitments
to the United Nations included an agreement to reach two international targets: (i) the ‘introduction’

of an NSDS by 2002, a target set at a Special Session of the UN General Assembly (UN, 1997: para

24), and (ii) the ‘implementation’ of an NSDS by 2005, which was set under the Johannesburg Plan of
Implementation (UNDESA, 2002a: para 162 [b]). At Johannesburg it was agreed that member states
would take immediate steps to make progress on the formulation and elaboration of national strategies for
sustainable development.

The McGuinness Institute advocates an NSDS as a key policy initiative for New Zealand’s future
prosperity and well-being. This concept is promoted internationally to improve the alignment and
integration of diverse but interconnected national sectors, in order to achieve more sustainable outcomes
over both the short and the long term (UNDESA, 2002b: 1).

Two internationally recognised definitions of an NSDS are given below. The Organisation for Economic
Cooperation and Development (OECD) recognises an NSDS as:

... strategic and participatory processes encompassing analysis, democratic debate, capacity development,
planning and action towards sustainable development. (OECD/DAC, 1999: 2)

Similarly, the United Nations Department of Economic and Social Affairs (UNDESA) defines an NSDS as:

... a coordinated, participatory and iterative process of thoughts and actions to achieve economic,
environmental and social objectives in a balanced and integrated manner. (UNDESA, 2002a: 1)

An NSDS is an opportunity to construct a strategic pathway into the future by conceptualising what that
future could look like (what is probable and what is possible) and balancing this against what is desirable
(what is preferable). The cyclical, iterative nature of an NSDS means a strategy document is not the end
product, but rather a stage in an on-going process (UNDESA, 2002b: 1).

In 2008, the Institute identified the NSDSs of Finland, Sweden and the United Kingdom as examples of
‘best practice’, and analysed them in order to understand the elements they held in common (SFI, 2008a).
From this research seven elements were identified (see Table 1).

Table 1: The Seven Common Elements of an NSDS
Source: SFI, 2008a: 2¢

Seven Common Elements of an NSDS Seven Strategic Questions

1. Background (to the strategy) Where have we been and where are we now?
2. Vision (including desired outcomes) Where do we want to be in the long term?
3. Principles (and values) What do we believe in?
4. Priorities What do we need to focus on?
5. Method of implementation What do we decide to do and not to do?
6. Governance Who is going to do what?
7. Monitoring progress How well are we going?
5 To learn more about New Zealand’s international commitments, see Report 1: A National Sustainable Development Strategy: How New Zealand

measures up against international commitments (SFI, 2007).

6 For further information on the seven common elements of an NSDS see the Institute’s Report 5: The Common Elements of a National Sustainable
Development Strategy: Learning from international experience (SFI, 2008a).
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There are a number of benefits to developing an NSDS that go beyond simply meeting our international
commitments or reinforcing a ‘clean and green’ brand globally. At its core, an NSDS is about thinking
and acting in a way that does not sacrifice our long-term best interests for short-term rewards. Economist
Michael Lewis discusses this dilemma in his recent book Boomerang, in which he asks what happens when
a society loses its ability to self-regulate. One outcome may be that we hit rock bottom, in which case, the
environment will ‘administer the necessary level of pain’ to change the way society operates, because we
will have no other choice (Lewis, 2011: 206). An NSDS is a way to ensure we do not get to this stage.

1.4 What is the Relationship Between Government-funded
Science and an NSDS?

An NSDS will help ensure that a coordinated approach is adopted across the public sector so that investment
decisions relating to employees, services, resources, risk, public-private partnerships and much more are con-
sidered, integrated and reported upon, in ways that develop consensus, gain public support and deliver the
best outcome for current and future generations. Ensuring that New Zealand has an optimal government-
funded science system is an important part of any strategy that aims to deliver New Zealanders a robust future.

Many of the issues that New Zealand will face in the future have significant implications for our

science sector. The long-term well-being of New Zealanders will depend in part on innovative science
and technologies, more effective use of existing science and technologies, and changes in behaviour.
Government-funded science has the potential to be a game-changer, provided the system is designed both
to find new solutions to pressing problems within New Zealand (and the solutions are implemented) and
create new strategic knowledge that drives positive change.

Decisions around investment in the science sector are not the sole domain of scientists and need to be
considered in the public arena. Good public policy should engage with all sectors of the community
through all stages of the process. An NSDS would require government institutions to: seek public
engagement on how best to achieve the country’s objectives throughout the whole science system;
integrate policy objectives and strategy across the whole system; and report results back to the public. A

transparent process creates trust and supports further investment in the science sector.

An NSDS also requires robust measures and benchmarking for monitoring and reporting progress. Statistics
New Zealand’s Monitoring Progress Towards a Sustainable New Zealand (2002) provides a selection of indicators
related to sustainable development in New Zealand. These indicators show how science should inform public
policy by helping to; (1) set the context for a discussing the research agenda, (i1) assess how changes in policy
might impact on the environment and society in general and (iii) provide insights concerning New Zealand’s
progressing towards achieving it strategic goals. For example, the 2010 report on 16 key indicators tells us that;
the unemployment rate is increasing, nitrogen in rivers is increasing, greenhouse gas emissions are increasing,
distribution of all seven selected native species are down, and that energy intensity has decreased (Statistics New
Zealand, 2010: 6, 14, 16-18). This is useful scientific data for informing our research agenda, assessing the impacts
of current policies and shows where we are making progress or losing ground. Hence, the quality and timeliness
of scientific data is a key factor in creating effective public policy.

It is not the size of the public investment that makes it relevant, but the fact that it is one of the few investments
the government makes that may significantly change our future. Much of government expenditure responds to
past problems and current issues, the urgent issues that drive day-to-day activity. The opportunity for the science
sector is to focus on work that enables leaps in progress to occur, with an eye to the long-term future.

This report aims to contribute to improving the quality of public engagement on this important investment. It is
hoped that the ideas, issues and challenges identified during this research will add to the debate as to why, when,
where, what and how the New Zealand government should be investing in science.
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The methodology the Institute has adopted is set out in Version 4 of Project 2058's methodology (SFL,
2012a). The work programme underlying this report was designed to assess the extent to which the
current government-funded science system is capable of delivering long-term value, and where appropriate
to make suggestions as to how the current system might be improved to achieve better long-term
outcomes for New Zealanders.

2.1 Background

Scoping for this report began in 2007, with the Institute completing a number of interviews with New
Zealand scientists and science administrators. At this time, neither the Institute nor those interviewed realised
the full extent of the reforms being proposed by government. When this became apparent, much of our
initial analysis was placed on hold and instead the Institute focused on completing a report on the history of
government-funded science in New Zealand (i.e. Report 9a). It was only recently, as the system became more
settled, that we reopened this area of study with a view to completing and publishing this final report.

2.2 Method

In order to achieve its purpose the Institute first undertook a scoping exercise. This led to the creation
of three work streams: (i) the historical context (Background Reports 9a and 9b); (i1) the international
perspective (Working Papers 2009/5 and 2010/01), and (ii1) an analysis of the current system (Working
Papers 2011/14, 15, 17 and 18). The full titles of these reports and papers are listed below:

Report 9a A History of Government-funded Science from 1865-2009
Authors: Wendy McGuinness, Chris Aitken, Joe McCarter, Mark Newton
Report 9b A History of Government-funded Science from 2009-2011

Author: Wendy McGuinness

Working Paper 2009/05 Exploring New Zealand and International Government-funded Science Goals
Author: Chris Aitken

Working Paper 2010/01  Exploring Long-term Policy Drivers in Science: A scan of international think tanks
Author: Lucy Foster

Working Paper 2011/14  MSI Innovation Investment Board: Legislation, operations and board membership
Author: Wendy McGuinness

Working Paper 2011/15 MSI Science Investment Board: Legislation, operations and board membership
Author: Wendy McGuinness

Working Paper 2011/17 New Zealand Universities: Research activities, commercialisation and
international benchmarking
Authors: Wendy McGuinness and Lucy Foster

Working Paper 2011/18 New Zealand’s Crown Research Institutes: Legislation, operation and governance
Author: Diane White
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This report builds on the reports and papers listed above, with the view of meeting seven key objectives:

Objective 1: Define what is meant by government-funded science (Section 1.2)

Objective 2: Review the history of government-funded science in New Zealand (Section 3)

Objective 3: Describe the changes to the government-funded science system between 2009 and 2011
(Section 3)

Objective 4: Consider international developments and recent changes in science policy (Sections 4-5)

Objective 5: Analyse the current government-funded science system in terms of purpose, strategy

and execution (Sections 6-8)
Objective 6: Identify outstanding issues (Section 9)

Objective 7: Suggest how the current system can be improved to create a more effective and efficient
science system for New Zealand (Section 10).

2.2.1 Approach

The structure and approach taken in this report has been strongly influenced by the strategy mapping
methodology developed by Harvard Business School. Although the strategy map is just one tool used

to develop and polish a strategy, it is a powerful tool that not only provides clarity, but also enables
strategy to be discussed and debated. Strategy mapping was a core conceptual component of the Institute’s
StrategyNZ: Mapping our Future event, and the Institute regards the strategy mapping process as an
important tool in the creation of a National Sustainable Development Strategy.

In adopting this approach we have drawn heavily on the work of Robert S. Kaplan, a professor at Harvard
Business School and Dr. Norton, founder and director of the Palladium Group. Although strategy maps
were developed with businesses in mind, their usefulness as a way of demonstrating a strategic outline
clearly and communicating visions and strategies effectively means they are increasingly being used by
communities and even countries.

Strategy mapping is a process whereby horizontal and vertical linkages between the different strategic
components can be identified and integrated into the overall strategy. Each stage builds into the next
through an integrated approach that vertically aligns the purpose, strategy and execution through cause
and effect relationships. This approach ensures a strategy has both internal cohesion (within the elements
of the strategy) and external cohesion (with the wider landscape). The strategy process can be divided

into nine stages, all of which are necessary in order to implement an optimal strategy, see Figure 1 in the
Executive Summary. Together these nine stages act as pillars, creating a sound platform for building New
Zealand's future. Further information on this approach and how it relates to the development of an NSDS
can be seen in Version 4 of Project 2058’s methodology.

2.2.2 Terminology

Key terms used throughout the report are defined below. In addition, a glossary and list of abbreviations
are provided at the end of the report.

Government-funded science

Government-funded science is defined in Section 1.2. In Section 9 we also raise the concept of an optimal
government-funded science system. In using this term we are not arguing for optimal science, but for a
system that operates in such a way as to achieve the desired vision as effectively and efficiently as possible.

Commercialisation
The recurring theme of commercialisation is described in the Ministry of Research, Science and
Technology’s (MoRST) 2010 strategy document Igniting Potential as:

[The] transfer [of] research outputs to end-users, either through existing businesses or where necessary
through the creation of new commercial entities. (MoRST, 2010a: 19)
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Invention and innovation

Briefly, an invention is a product or service that is completely new, while an innovation is an iteration
of an invention or a significant improvement to a product or service. Later in the report we discuss the
appropriateness of the term ‘innovation’ with respect to the ministry overseeing the science system.
Definitions include:

An invention discloses an operational method of creating something new. (Maclaurin, 1953: 102)

Innovation is the process that translates knowledge into economic growth and social well-being. It
encompasses a series of scientific, technological, organisational, financial and commercial
activities. Research is only one of these activities and may be carried out at different phases of the
innovative process. (Australian Research Council, n.d.)

An innovation is the implementation of a new or significantly improved product (good or
service), or process, a new marketing method, or a new organisational method in business
practices, workplace organisation or external relations. (OECD, n.d.)

Research, Science and Technology

These terms are frequently used together, as a way of providing broad coverage of the subject. An example
is the ‘Research, Science, and Technology Act 2010°. Although it is implied that the individual terms have
separate meanings, they are not defined in the Act. Instead, a general explanation is provided with regard
to the purpose of RS&T funding;

Purposes for which specified RS&T funding may be allocated

1. Specified RS&T funding may be allocated for research, science, or technology, or related activities, for
the benefit of New Zealand.

2. The activities referred to in subsection (1) include (but are not limited to) any activity that—

a. s likely to increase knowledge or understanding of the physical, biological, or social environment;
or

b. s likely to contribute to New Zealand’s economic growth; or

c. islikely to develop, maintain, or increase skills or scientific or technological expertise that is of
particular importance to New Zealand; or

d. is unlikely to be funded, or adequately funded, from non-governmental sources; or
e. facilitates research, science, or technology, or related activities; or

f. promotes or facilitates the application of research, science, or technology, or related activities.
(Research, Science, and Technology Act 2010, s 7)

Definitions found in other legislation that have proved useful in this report include:

Research means scientific research; and includes scientific development and related services. (Crown
Research Institutes Act 1992, s 2) [Bold removed]

Science includes the physical sciences, the biological sciences, and the social sciences; and also includes
technology; and scientific has a corresponding meaning. (Crown Research Institutes Act 1992, s 2)[Bold removed]

[Tlechnology means the practical application of scientific principles and knowledge. (Income Tax Act 2007,
LH7, s 5) [Bold removed]

Research and development activities

1. Inthis subpart, research and development activities of a person are—

a. systematic, investigative, and experimental activities that are performed for the purposes of
acquiring new knowledge or creating new or improved materials, products, devices, processes, or
services and that—

i.  areintended to achieve an advance in science or technology by resolving scientific or
technological uncertainty:

ii. involve an appreciable element of novelty:

b. other activities that are wholly or mainly for the purpose of, required for, and integral to, the
performing of the activities referred to in paragraph (a). (Income Tax Act 2007, LH7, s 1) [Bold removed]

16 SCIENCE EMBRACED 2058



2. METHODOLOGY

The terminology used to discuss science is at best confusing. This is not specific to New Zealand, but is
a global issue; if we cannot define and discuss problems in a clear, concise manner, there is little hope of
gaining agreement on solutions. In this report we use the term science broadly, in the sense in which it
was used by Sir George Bowen, as quoted in the Executive Summary; this includes invention, innovation,
research, technology and the range of scientific activity. Our preference for a definition is that provided
by J. P. Siepmann in the Journal of Theoretics. It is a simple definition that clarifies our interest in this
area; this report considers science with a small ‘s’.

Science: the field of study which tries to describe and understand the nature of the universe in whole or part.

The field of study or discipline that we call Science is spelled with a capital “S” as it is a proper noun in this
use while science with a small “s” is the application of this discipline. (Siepmann, 1999)

There are also a number of types of science discussed in the surveyed literature and referred to in this
paper. These include such contrasting types as soft versus hard science, sound versus junk science and good
versus bad science. These terms are subjective, but they are so frequently used in the literature that we
have used them despite their inherent limitations.

Well-being
Well-being can mean many things to many people, hence a broad definition is necessary. The following
definition is from Human Resources and Skills Development Canada (HRSDC):

Well-being is made up of ten areas or domains: learning, work, housing, family life, social participation,
leisure, health, security, environment and financial security. (Policy Horizons Canada, in press: 5)

2.2.3 Authorship

The continuous evolution in the structure of New Zealand’s government-funded science system was one
of a number of challenges in completing this report. The long duration of this project meant that many
researchers contributed to, or were involved in, the production of the final report. The contribution of
the Institute’s staff is noted earlier in the report, while the authorship is retained under the authors who
finalised its contents. Information about the authors and researchers can be found in Appendix 1.

2.2.4 External reviewers

Policy and strategy information is held across numerous government agencies, and in some cases it is
not publicly available or easily discoverable. For this reason, the Institute was dependent on the external
reviewers to provide key information, insights and guidance.” It would not have been possible to obtain
this background information without expert knowledge. Although the report does not reflect every idea
or view raised by the external reviewers, it is hoped that the final report honours their feedback.

2.3 Limitations and Boundaries

The boundary of this report is determined by the definition of government-funded science (Section 1.2) and
limited by the experiences of the authors and contributors.

The report has benefited significantly from the breadth of wisdom of those interviewed during the scoping
of the research programme and of the external reviewers who contributed to the content of the final
report. Additional insights could have been gained through more extensive and in-depth interviews, for
example with staff from the former Crown Company Monitoring Advisory Unit (CCMAU), the former
Ministry of Research, Science and Technology (MoRST), the former Foundation for Research, Science and
Technology (FRST), and the newly established Ministry of Science and Innovation (MSI). At the time this
research was being undertaken these institutions and their staff were undergoing major changes, so instead
we opted to clarify points of uncertainty. We thank the staff at CCMAU and MSI {or their assistance at these times.

7 Brief biographies of the report’s external reviewers can be found in Appendix 2.
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Valuable information could also have been gained by approaching individuals within each scientific area
of study, each institution and each region, but this was beyond the Institute’s resources. Instead, we relied
on a broad range of external reviewers and completed an extensive review of recent reports by central
government and non-government bodies (all of which are referenced in the text).

Although we go to significant lengths to indicate from where our data and information has been derived,
it was not always possible to reference the opinions of experts who work within the system. Therefore,
it was decided to reference all facts but not the personal opinions of experts or external reviewers (unless
approval was obtained or opinions were published in the public arena). This approach enabled free and
open discussions with external reviewers without any potential repercussions.

Lastly, the major challenge in completing this report was the continuous changes that occurred in the
government-funded science system in recent years. Twice this report has been halted due to uncertainty
over changes being proposed or implemented. As this report goes to press, we have discovered a further
alteration to the goals and purpose of MSI (MSI, 2011b) and learnt of a new strategy document that will be
developed this year (Philippa Yasbek, MSI, personal communication, 15 December 2011). This makes it
difficult to see a comprehensive picture of all key documents and their linkages; therefore, the platform
upon which this research has been based may not be complete. However, we have endevoured to keep
abreast of recent changes and feel confident that a solid research platform has been secured at this point in
time. This is clearly a changing landscape and our objective is to contribute to a national conversation on
how government-funded science can best be calibrated to deliver significant improvements to the well-
being of current and future New Zealanders.
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3. Historical Context: The Four Eras of
Government-funded Science in New Zealand

The following section divides the history of government-funded science into four different institutional
eras so as to provide a context for the discussion that follows in later sections of this report. A more
detailed discussion of the four eras is available in Report 9a: A History of Government-funded Science
1865-2009 (SFI, 2009a) and Report 9b: Government-funded Science 2009-2011 (SFI, 2011a).}

While government-funded science in New Zealand developed along Western lines of thought, significant
discovery and knowledge creation took place in te a0 Maori both before and after the arrival of Europeans.
Early European settlers also conducted their own independent research without government support.

It was against this backdrop of traditional Maori knowledge and independent European research that the
concept of government-funded science first emerged.

3.1 The First Era: 1865 to 1926 — Gradual Organisation

The first government-funded scientific institution, the New Zealand Geological Survey, was established in
1865 to explore mineral wealth within New Zealand. By 1868, the New Zealand Institute (the forerunner
of the Royal Society of New Zealand) had been established as a centralised body to draw together the
growing number of independent philosophical and scientific organisations around the country. The earlier
volumes of the New Zealand Institute’s Transactions and Proceedings evidence a strong scientific focus

on resources such as minerals, and how they might benefit the country’s economy.” However, over time
the focus shifted from exporting raw material and minerals to exporting agricultural products, meaning
government-funded scientists began focusing on ways to improve productivity from land use.

3.2 The Second Era: 1926 to 1989 — One Dominant Institution

The government’s involvement in science funding changed significantly in 1926 with the creation of the
Department of Scientific and Industrial Research (DSIR). Based on the British department of the same
name, the DSIR was initially responsible for increasing links between industry and science, overseeing
research in New Zealand and subsidising industrial research. The DSIR soon began to undertake its own
research, an activity that gradually increased over time. This research often concerned agricultural issues,
such as increasing the productivity of soils or a particular strain of wheat. By the 1970s the DSIR had
grown into a large organisation that acted mostly as a science provider, rather than maintaining the role of
administrator as was initially envisaged (Galbreath, 1998; Palmer, 1994).

The 1980s saw the implementation of concepts such as ‘New Public Management’'® and ‘Public Choice
Theory’,!! both of which resulted in a move away from sole reliance on government-funded research,
towards the commercialisation of research by the private sector and so-called ‘user pays’ policy. On this
basis, the DSIR was disestablished in favour of a new tri-institutional structure.

8 Secondary sources have largely been relied upon (aside from examining the Transactions and Proceedings of the Royal Society of New Zealand 1868-
1961 [National Library of New Zealand, n.d.]), and the innate limitations of the conclusions drawn are recognised. We would especially like to
acknowledge the work of C. M. Palmer (1994), R. Galbreath (1998) and F. L. Reid (2005), on which this section of the report draws significantly.

9 For example, an 1880 paper was presented to the New Zealand Institute on the country’s forests, suggesting their potential value as exports or
as raw material in the manufacturing industry. Shortly afterwards, an 1883 paper on clay deposits in Auckland was presented, suggesting such
deposits could be used to increase pottery exports and decrease pottery imports. A further example is an 1887 paper on mineral deposits in the
Nelson region that discusses mining possibilities (Kirk, 1880; Pond, 1883; Washbourne, 1888).

10 New Public Management was a movement that became popular throughout the Western world towards the end of the 1970s, and was crucial
in the implementation of reforms across the OECD. Its main components were ‘hands-on professional management ... explicit standards of
performance, greater emphasis on output control, increased competition, contracts, devolution, disaggregation of units and private sector
management techniques’ (Christensen & Laegreid, 2001: 78).

11 ‘Public Choice Theory suggests that if public service officials monopolise service delivery, the resulting system will suffer from oversupply and
inefficiency. In contrast, it holds that if services are contracted out then the pressures of a competitive market will lead to efficiency gains and
improved performance.” (Boyne, 1998: 474)
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3.3 The Third Era: 1989 to 2010 — The Tri-institutional Framework

The 1980s reforms of the DSIR saw the separation of the department into a tri-institutional model based
on policy, purchase and provision, and the stricter application of a commercial imperative to science.!?
This framework led to the creation of the Ministry of Research, Science and Technology (MoRST) to
oversee the science strategy (policy), the Foundation of Research, Science and Technology (FRST) to
allocate funding to individual projects (purchase),’® and a number of science providers such as Crown
Research Institutes (CRIs) and universities (provision).'* The Ministerial Science Task Group behind

the creation of the CRIs hoped that establishing research institutes with full commercial powers would
‘greatly enhance’ the ability to transfer technology to users (Davenport & Bibby, 2007: 181). This reflects
the fact that the commercialisation of research by the private sector continues to remain the primary goal

of the government-funded science system.

Two events put the tri-institutional framework under the microscope and eventually led to the fourth

era. The first was the release of the OECD Reviews of Innovation Policy: New Zealand (OECD, 2007a),
which provided an overview of the major strengths and weaknesses of New Zealand’s science and innovation
system. These are summarised in Table 2. The review also identified the following set of strategic tasks:

o Make the business environment more supportive of R&D and innovation, through improved key frame
conditions and appropriate specific incentives.

o Reinforce the public research system’s capacity to contribute to innovation and to human resource
development, notably via improved steering and financing mechanisms. One should recognise that the
CRIs and tertiary education institutions need to play a more important role in applied research and in
ensuring the international connectivity of the innovation system than they do in many other advanced
countries, since New Zealand lacks large firms in R&D-incentive sectors and must find other ways of
sustaining an adequate stock of knowledge.

e  Strengthen the domestic and international networks and other institutional frameworks that ensure that
the flows of knowledge among key actors of the innovation system contribute effectively to increasing
value added in resource-based sectors, and to developing new industries and services. (OECD, 2007a: 15)

Secondly, the National Science Panel released its Science Manifesto (NSP, 2008), which set out a 10-point
programme as a ‘plan for the recovery of New Zealand science’."®

3.4 The Fourth Era: From 2010 — The Bi-institutional Framework

The most substantial changes to the New Zealand science system in 20 years were made in 2010/11. The
science policy (MoRST) and investment (FRST) arms were merged into one institution, the Ministry of
Science and Innovation (MSI). The government also commissioned a CRI Taskforce to consider how to
enhance the value of New Zealand’s investment in CRIs (Mapp, 2010). The Taskforce reported back to
government in February 2010 with 27 recommendations covering the roles and purposes of the CRIs,
funding, monitoring, governance, and a range of other issues (CRIT, 2010: 11-13). These changes signalled

a shift to an even greater focus on deriving economic value from investments in science through improving
collaboration across the science system, reducing bureaucracy and building stronger linkages between
government priorities and investment decisions.!® Cabinet set out its expectations of this new bi-institutional

framework as follows:

12 See Report 9b, A History of Government-funded Science from 2009-2011 (SFI, 2011a) for more detail on these policy, purchase and provision
institutions.

13 Other research purchasers that are funded by government include the Royal Society of New Zealand, the Health Research Council, other
government agencies (such as the Ministry of Agriculture and Forestry, Ministry for the Environment, and Ministry of Health), the Tertiary
Education Commission and Fulbright New Zealand.

14 Research is also undertaken by polytechnics, wananga, private businesses and independent research organisations. For information on CRIs, see
the Institute’s Working Paper 2011/18: New Zealand Crown Research Institutes: Legislation, operation, and governance (SFI, 2011e).

15  For a discussion on the 10-point programme, see Report 9a, A History of Government-funded Science 1865-2009 (SFI, 2009a).
16 For a more detailed discussion of these changes, see Report 9b, A History of Government-funded Science from 2009-2011 (SFI, 2011a).
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o Establishing a single entity that can act as the Government’s lead agency on the science system and
contribute to the oversight of New Zealand’s innovation system

o Ensuring that consistent and aligned strategy drives the allocation of resources to New Zealand’s science
and innovation systems

e Asingle entity that could make public funding for science and innovation more responsive to sector
needs, and closer to government

o Reducing complexity and transaction costs across the science and innovation systems

o Delivering efficiency gains in the delivery of science and innovation funding

o Improving policy development through more direct links to the science, business and research
communities

o Increasing critical mass and building capability within a small but viable platform. (MSI, 2011c: 6)

Table 3 (overleaf) provides an overview of the four eras of government-funded science in New Zealand since 1865.
Applying the approach identified in Figure 1, the table explores each era in terms of purpose, strategy and execution

Table 2: Strengths and Weaknesses of New Zealand’s Innovation System Identified by the OECD, 2007
Source: Adapted from OECD, 2007a: 11-14

Strengths Weaknesses

Good conditions for entrepreneurship and innovation
including an open society which engenders trust, and a
resourceful and entrepreneurial population.

Most aspects of framework conditions are conducive
to innovation; this includes a sound macroeconomic
framework and a predictable and good business
environment.

Government is aware of the importance of RS&T to
escape low productivity.

Predictable policy environment and a competent
public administration, which reduces risk of
government failures and is favourable for public-private
partnerships.

Accumulated skills and institutional capabilities

in public research organisations with world class
competencies in many areas, especially agricultural and
health research.

Competitive natural resource-based sectors with
opportunities for high-technology/value added
businesses.

Pockets of excellence in new industries including
software and creative fields.

2058

Shortcomings in physical and virtual infrastructure
such as impediments in internal land transport,
vulnerability in energy delivery and relatively limited
availability and speed of broadband internet access.

Low level of private sector investment in R&D as well
as a lack of management resources and appropriate
personnel.

Barriers to business growth, including high costs and
difficulties in accessing international markets and a
common preference for ‘lifestyle businesses’.

Lack of management, marketing and distribution skills
which impedes innovation.

Inadequacies in the process of technology diffusion
and adoption, including disparities between supply
and demand for complementary technical services and
training and advice for SMEs.

Insufficient policy coordination for foreign direct
investment, due to factors such as the absence of
policy coordination between innovation and tax policy.

A fragmented system of government support to R&D
and innovation combined with a lack of coherence
across the full range of innovation-related policies;
this makes it difficult to allocate resources in a strategic
manner.

Inadequate incentives for public research
organisations with competitive funding creating
difficulties in building long-term capabilities, financing
research infrastructure, transference of research results
to business and the availability of internationally
competitive wages.

Excessive reliance on a few policy principles often

at the cost of practicality in ensuring effective
implementation and weakening the role of evaluation
in monitoring.
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3. HISTORICAL CONTEXT

3.5 Implications for the Future

A successful science system is dependent on how well it is designed to achieve the following: (1) science
that supports the needs of society and industry; (ii) a system that puts the right drivers in place to facilitate
this; (iii) education that supports the needs of the science system, and (iv) a public that understands the
logic of the alignment and is informed of the outcomes.?® All four success factors need to be measured and
reported on over time to indicate whether or not performance is improving and goals are being achieved.

Changes in the system have been driven by a variety of factors. In the early days personalities such as
James Hector and Ernest Marsden dominated the science scene. However, science in recent times has been
redesigned according to pervasive international theories such as ‘User Pays’, ‘New Public Management’
and ‘Public Choice Theory’, and debates over the role of government and the extent to which it should
influence who provides what science. These changes have been evident throughout all levels of policy,
purchase and provision. In the past these changes have been gradual, but the most recent changes have
been abrupt, such as the reforms of the late 1980s, and those implemented since 2010.

Changes with short lead-in times tend to be expensive in terms of social costs (e.g. redundancies),*
restructuring costs associated with disbanding and establishing new institutions, and the creation of
inherent uncertainty as new funding, investment, governance and reporting systems are put in place. This
underscores the importance of having a significant independent review to assess whether the structural
change has delivered what was promised, whether the benefits have exceeded the costs, and what lessons
can be learnt. This point was also discussed in a recent briefing to the Education and Science Committee
from the Office of the Auditor General. In its report the OAG suggests a number of questions to be
considered, and in particular the following:

Office of the Auditor General Briefing to the Education and Science Committee

Please outline the gains and benefits expected from the amalgamation of MoRST and FRST, including:

. where the efficiency gains of $3 million in 2011/12, and $4 million a year from 2012/13, will come from;
3 the expected benefits to the science and innovation sector and system; and
. how progress against these benefits will be measured and evaluated.

Will the amalgamation of MoRST and FRST be reviewed?
. If so; when and how? (OAG, 2011: 8)

Further, we would add that smaller regular reviews are critically important in the first few years in order
to resolve any teething issues and enable management to address emerging problems before they become
significant.

One would expect a profession that applies transparency and peer review in its day-to-day operations
would require an independent review of the very system that shapes not only its future, but the future

of the country. It is clear that MSI and other science-based government institutions are working hard

to develop effective assessment tools so that they can report to their minister on the significant costs

and benefits of the redesign of the science system. However, without a defined process in place, or a
commitment to undertake a significant independent review, a thorough assessment of the net benefits 1s
unlikely to take place in the near future, leaving the science community and the general public in the dark.

20  This observation was provided by an external reviewer, and summarises much of the feedback on this section.

21 Of note, MoRST had 78 full time equivalent (FTE) staff and FRST had 89.36 FTE staff as at June 30 2010 (MoRST, 2010b: 59; FRST, 2010: 21), a
combined FTE total of 167.36. The merger into the single entity of MSI resulted in a reduction of staff numbers to 140 (MSI, 2011c: 8).
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4. Global Context: Weak Signals and Wild Cards

A former Member of Parliament, Patrick Joseph O’Regan, writing in the New Zealand Illustrated Magazine
in 1900, provided a revealing perspective on trends and progress at the beginning of the 20th century:

Although the public is wont to regard predictions with an amount of scepticism, which is natural under the
circumstances, there is absolutely no reason to doubt the accuracy of that foreknowledge which comes from
reading the past and the trend of current events aright. Progress cannot be denied, and there is no difficulty
in predicting what will happen in the next century if we consider the logical issue of many movements, now
going on quietly, almost imperceptibly, but none the less surely. (O’Regan, 1900, cited in SFI, 2011f: 12)

A little over a hundred years later, society has moved on from the linear situation O’Regan describes,

in which the pace of change is slow and ‘reading the past’ can be used to predict the future. In our
increasingly complicated and chaotic world, decision-makers must find new ways of responding to the
challenges and opportunities that face them. Science sits at the forefront of this changing environment as
the best proactive and reactive response to emerging challenges. It is vital that science systems are instilled
with the necessary capabilities to operate effectively in this increasingly complex environment.

Dave Snowden and Mary Boone, who are experts in complexity theory, suggest that decision-makers and
policy analysts need to take into account their unique environment when making decisions.??

The Cynefin framework [see Figure 3] helps leaders determine the prevailing operative context so that they
can make appropriate choices. Each domain requires different actions. Simple and complicated contexts
assume an ordered universe, where cause-and-effect relationships are perceptible, and right answers can
be determined based on the facts. Complex and chaotic contexts are unordered — there is no immediately
apparent relationship between cause and effect, and the way forward is determined based on emerging
patterns. The ordered world is the world of fact-based management; the unordered world represents pattern
based management. The very nature of the fifth context — disorder — makes it particularly difficult to
recognize when one is in it. Here, multiple perspectives jostle for prominence, factional leaders argue with
one another, and cacophony rules. The way out of this realm is to break down the situation into constituent
parts and assign each to one of the other four realms. Leaders can then make decisions and intervene in
contextually appropriate ways. (Snowden & Boone, 2007: 4)

Figure 3: The Cynefin Framework
Source: Snowden & Boone, 2007: 4

UNORDERED

COMPLEX
probe
sense
respond
COMPLICATED
DISORDER
CHAOTIC .
analyze
act respond
sense
respond sense
categorize
' respond
SIMPLE
ORDERED
22 ‘In the complex environment of the current business world, leaders often will be called upon to act against their instincts. They will need to

know when to share power and when to wield it alone, when to look to the wisdom of the group and when to take their own counsel. A deep
understanding of context, the ability to embrace complexity and paradox, and a willingness to flexibly change leadership style will be required
for leaders who want to make things happen in a time of increasing uncertainty.” (Snowden & Boone, 2007: 8)
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Governments tend to operate in the ‘simple’ quadrant in Figure 3, where events and cause-effect
relationships are predictable. However, the Centre for Strategic Futures, Singapore, believes ‘governance
has been increasingly taking place in an environment that is best represented by the unordered realms, on
the left side of the diagram’ (CFSF, 2011: 14). This is certainly true of New Zealand, where over the past
few years earthquakes, a mining disaster and financial unrest, among other events, have created a chaotic
environment in which to govern. Given this increasingly complex and possibly chaotic global environment,
it is important that governments explore new ways of shaping public policy and developing decision-making
systems to ensure policy advice is both robust and sufficiently flexible to suit a range of environments.

4.1 Addressing Weak Signals and Wild Cards

Given the increasing complexity of the issues that science is addressing (be they technological,
environmental, or societal), much attention is now being paid to emerging issues, weak signals and wild
cards. Sound science systems must support foresight research, which is necessary to investigate potential
weak signals and wild cards before they become pressing and immediate concerns.? This research is
especially important to identify issues that are evolving slowly and are not yet pressing, but may have
significant consequences in the future.

iKnow is one of six foresight research projects funded by the European Commission’s Seventh
Framework Programme for Research and Technology Development. The project is primarily concerned
with identifying possible weak signals and wild cards. Weak signals are defined as:

... ambiguous events, often referred to as seeds of change, providing advance intelligence or hints about
potentially important futures, including Wild Cards, challenges and opportunities. (iKknow, n.d.)

Weak signals can be seen as signs of emerging issues or changes that have not reached the critical mass
required to be seen as immediate concerns and remain ambiguous in their implications. The capacity

to identify and understand weak signals is a vital component of foresight work. Some examples of
emerging issues have been put forward by NASA Chief Scientist Dennis M. Bushnell, who talks of ‘seven
simultaneous existential societal issues’.?* He believes that any one of these will change society as we
know it. However, Bushnell has identified that the impact of all seven, including potential synergisms, is
‘approaching the unfathomable’ (Bushnell, 2011).* The issues he identifies are:

o Climate change and energy

e Massive debt

. Water and food shortages/environmental issues

o Five simultaneous game-changing tech revolutions, tele-everything?®
. Luddites/individual destructive power

e Robotics/machine intelligence/employment

e Humans merging with the machines. (ibid.)

At the International Conference on Strategic Foresight in National Government, held in Seoul, South Korea
in December 2011, three weak signals that are currently driving foresight work were highlighted. One is
the possibility of a drastic shrinking in job markets. This could come about because of the limited lifespan
of ‘green jobs’, and redundancies caused by computers and robots carrying out automated tasks (reflecting
Bushnell’s point above). This could occur across a wide range of fields, for example in the legal profession,
where the increasing sophistication of case law software may significantly reduce the requirement for
legal staff. Another weak signal is the creation of major hubs dominating the economy, reducing the

23 Foresight research can be defined as the disciplined analysis of identifying emerging trends and their underlying causes. For examples of
international government foresight initiatives see Tait et al. (2002).

24 Adapted from a presentation given via teleconference by Dennis M. Bushnell at the StrategyNZ: Mapping our Future workshop held by the
Institute in Wellington on 30 March 2011.

25  This observation is supported by Silberglitt et al. (2006).

26  Tele-everything refers to many human activities being increasingly virtual through the use of the internet.
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ability of medium-sized businesses to survive long-term in the global economy (Chor Pharn Lee, personal
communication, December 6, 2011). An example could be aggressive marketing of smart and android
phones that results in one brand dominating and effectively closing this market. Lastly, in a paper (in
press) by Steffen Christensen and Katherine Antal, both from the government agency Policy Horizons
Canada, the authors identify seven forces that could move well-being onto the Canadian Policy Agenda.
Underlying their thinking is a need for a new set of metrics and a new set of policy tools to support and
evaluate a well-being agenda.

Weak signals can be understood as having varying degrees of effect. A large number of effects develop as a
result of a particular weak signal or wild card and can form a complex system of interactions. These effects
can individually be small, but the overall effect can be dramatic. Policy Horizons Canada uses influence
diagrams to explore the first-, second- and third-order impacts from a weak signal, change driver, or wild
card (Steffen Christensen, personal communication, December 6, 2011).

In addition to weak signals, wild cards - low-probability, high-impact events (such as the 2010/2011
Canterbury earthquakes) — have the potential to challenge local communities, nations, or the planet. Writer
Nassim Taleb, a scientific advisor at the International Monetary Fund, calls such events ‘Black Swans’ (Taleb,
2007). While the timing of these events, by definition, cannot be predicted, they can generally be planned for
(for example, by having high building standards and detailed emergency procedures).

The science system has a role to play in preparing for and responding to wild cards, both those that relate
directly to science and those that take place in a wider context. It is beyond the scope of this report to
scan the global landscape for all significant weak signals and wild cards, but Table 4 shows some major
emerging issues that would have been weak signals 10 years ago, and related wild cards. These are issues
that science can play an important role in addressing, more so as they transition from emerging into
immediate issues that demand public attention.

The need to forward engage with weak signals before they become difficult to manage 1s a concept
explored by Leon Fuerth, the former National Security Advisor to Vice President Al Gore. Fuerth
believes that it is possible to create intelligent countries through forward engagement (SFI, 2011g: 62),
which aligns with the New Zealand government’s pledge to create a smart nation.

4.2 Using Foresight to Create Intelligent Countries

Promoting foresight and long-term thinking contributes directly to creating an intelligent country. The
Institute’s Report 12: StrategyNZ: Mapping our Future Workbook describes this notion:
Creating intelligent countries is not about raising the Intelligence Quotient (IQ) of the population, but raising
the National Intelligence (NI) of a country by equipping its institutions with the necessary capacity to build

foresight in order that a country can survive uncertainties and respond effectively to opportunities.
(SFI, 2011g: 62)

Leon Fuerth, former National Security Advisor to Vice President Al Gore, has developed the concept
of ‘forward engagement’ as a way for countries to become more ‘intelligent’ through the application of a
formal foresight system. At the 2010 World Futures Conference he suggested that three components are
necessary to create an intelligent system:
‘First, there needs to be a formal foresight system for the whole of government; national security can no
longer be seen in isolation. Second, there must be a networked approach to the formulation and execution
of the policy; in other words, a flatter and faster response by delegating decision making further down the

ranks. Lastly, and most importantly, countries need formal feedback loops, so that decision makers can learn
from both their successes and their failures.” (McGuinness, 2010: 49).
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This report does not endeavour to describe how foresight has been developed in intelligent countries,
other than in the case study on Singapore (see Appendix 4). Reflecting on recent research and discussions,
it becomes increasingly apparent that successful countries use foresight to determine their investment
strategy, and define their research agenda. For example, it could be argued that Brazil tends to focuses on
energy and agricultural innovation, Singapore on medical research, South Korea on the process underlying
product development, Italy on the design underlying product development, China on innovative business
models that respond quickly to changes in scale or technology, India on software and service innovation
and so forth (see Rother, 2010: 6 and SFI, 2011g; 2-4 for example relating to Brazil; and Singapore, China
and Appendix 4 and Saini, 2011: 10-13 for examples relating to Singapore, China and India).

New Zealand does not have any one institution specifically tasked with developing foresight but we do
have six foresight initiatives of which the most important is the Statement of Long-term Fiscal Position. The
Treasury is required under the Public Finance Act 1989 (as amended in 2004) to publish at least every four
years a statement on the country’s long-term fiscal position, looking forward at least 40 years (Treasury,
n.d.[a]). These reports form the most comprehensive instruments to date for assessing New Zealand’s
long-term future. The first statement was produced in 2006, with a second following in 2009. This latest
statement looks at what drives government spending and revenue, and the major issues that will need to
be addressed if the country wants to maintain or improve its living standards and public services. In 2012
the Treasury aims to draw on a wider range of experts and materials, and develop more innovative ways
of exploring and communicating strategic drivers in order to publish a more useful statement in 2013 (Paul
Rodway, Treasury, personal communication, 1 December 2011).

The other five foresight initiatives identified in the Institute’s Working Paper 2011/20 Foresight in New
Zealand are: the New Zealand Productivity Commission, Welfare Working Group, Futures Forum,
Government-funded Research, and Local Government and Long-term Plans. The government should
regularly assess whether it has enough foresight capability to not only identify data, but collate and create
information on weak signals and wild cards in such a way that develops strategic knowledge about the
future and therefore better informs ministers and policy analysts in a cost-effective and timely manner.

4.3 Implications for the Future

MST has a critical role in shaping the science system so that it is better able to address the complex
emerging and immediate issues that New Zealand and the world are facing. A list of ‘wicked problems’
specific to New Zealand is included in Appendix 5. However, MSI by itself cannot solve these problems.
Given the cross-cutting nature of many such problems, a coordinated government approach that includes
scientific solutions and increased foresight capacity will be required. This is why an NSDS is considered a
critical instrument to avoid costly repetition and drive progress.

The science community has responded to these weak signals, wild cards and wicked problems through
improvements in science policy, which is discussed in the next section.
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Food and water shortages — significant
challenges exist in the production and
distribution of healthy food to a growing
world population. Access to adequate
supplies of safe drinking water is being
threatened in both developing and
developed countries.

Energy challenges — increased demand
and reducing fossil supplies signal the
need to transition to alternative, more
sustainable, forms of energy.

Environmental problems —
overpopulation, growing resource
exploitation and impacts of climate
change threaten natural environments as
well as quality of life for many societies.

Economic recession — globalisation
coupled with financial instability and
uncertainty puts the economies and
well-being of many societies at risk.

Inequality — inability to reduce social
inequalities raises the risk not only of
poor economic performance but also
social unrest.

Infectious disease.

SCIENCE EMBRACED

Table 4: Emerging Global Issues and Related Wild Cards
Source: Adapted from Ministry of Defence (UK), 2010; Royal Society (UK), 2011; Shell, 2011; World Economic
Forum, 2011

Emerging Issues Related Wild Cards

New sources of protein — laboratory-raised meat, manufactured
milk and greater consumption of insect protein could reduce the
need for farmed livestock.

Marine farming — significant sustainable ways to farm fin fish
would provide significant supplies of protein for the world.

Solar power for all — significant advances in solar technologies
and energy storage and distribution systems.

Extreme weather
Extreme earthquakes
New flora or fauna

Intelligent robots — fundamentally changing how we live and
work.

Extreme longevity — advances in healthcare that enable longer,
healthier lives.

Brain regeneration — enabling neurological diseases and the
effects of ageing to be reversed or stabilised.

Breaking up of EU and/or the United States

Global unrest

Pandemics

Cures for infectious diseases such as the common cold,
influenza, HIV or malaria.
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5. Policy Context: An Analysis of Science Policy

In this section we identify 12 emerging global trends in science policy in response to the weak signals and
wild cards outlined in Section 4. This work builds on earlier research on science goals and policy drivers
documented in Working Paper 2009/05: Exploring New Zealand and International Government-funded
Science Goals (SFI, 2009b) and Working Paper 2010/01: Exploring Long-term Policy Drivers in Science: A
scan of international think tanks (SF1, 2010a).

5.1 Twelve Trends in Science Policy

Attentiveness to trends is imperative for making sound long-term strategic decisions. We briefly describe
how these 12 trends might drive public investment in New Zealand’s science system so as to provide a
useful platform for the discussion in the remainder of the report.

5.1.1 Scouting: Increased scanning and foresight

Internationally, decision-makers are looking toward new ways of responding to complexity and a number
of governments regularly undertake foresight activities (European Commission, 2011). Recognising the
importance of scanning and foresight in government, or ‘scouting’, Singapore established the Centre for
Strategic Futures.” The organisation explores Singapore’s future through scenario planning. The Centre
uses this method to gain an understanding of drivers of change and to question assumptions about the
world in order to identify where capacity is needed. Singapore has recently decentralised foresight into
government agencies in order to ensure weak signals and wild cards are identified and fed back to the
Centre. Further, effort has been put into creating micro scenarios which are expressed through short
narratives (Chor Pharn Lee, personal communication, December 6, 2011).28

In New Zealand, MoRST established the Futurewatch programme in response to a recommendation
from the Royal Commission on Genetic Modification that the government develop a capability for
‘biotechnology futurewatch’ (RCGM, 2001: 360). This technology scanning activity has not been
continued under MS], leading to a lack of on-going foresight activities among government agencies.
Embedding foresight activities within New Zealand government agencies would not necessarily mean
greater financial investment, but it would require a commitment from Cabinet to build capacity to
identify and engage with emerging policy issues.

5.1.2 Using design to communicate science

Within the scientific community there is a shared language with which scientists communicate their
findings. However, if scientific findings are to be communicated to policy-makers, businesses, and
members of the public, the way in which those findings are communicated becomes paramount to their
dispersion and understanding.

One of the most important skills for almost everyone to have in the next decade and beyond will be those

that allow us to create valuable, compelling, and empowering information and experiences for others.
(Shedroff, 1994: 1)

There are many disciplines that organise and communicate information: Information Interaction Design,
Information Design, Information Architecture, Interaction Design, Communication Design and Data
Visualisation. These disciplines share fundamental goals of organising and presenting data and information
in clear and engaging ways. Furthermore, they recognise that data is not the same as information, and

27 Inaddition to Singapore, countries such as the UK, Canada and Finland have incorporated foresight activities into government agencies to assist
them to proactively address challenges and identify opportunities.

28  Examples include: The New Silk Road (2010), www.youtube.com/watch?v=CLrmUTD]an8; Peoples Republic of Change (2009), www.
youtube.com/watch?v=YK]5x68N5jw; The Great Reset Video (2008), www.youtube.com/watch?v=80[RHoOcPHU; Live Singapore!
Exhibition (2011), http://senseable.mit.edu/livesingapore.
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information is not the same as strategic knowledge. Thus, the interface between science and design is
becoming increasingly important so that complex ideas can be quickly and clearly communicated to a
wide range of stakeholders.

Just as data can be transformed into meaningful information, so can information be transformed into

knowledge and, further, into wisdom. Knowledge is a phenomenon that we can build for others just as we
can build information for others from data. (Shedroff, 1994: 3).

A New Zealand example is the recent Land & Water New Zealand (n.d.) website where design is used to
communicate scientific data and information in a clear, engaging, and interactive manner which fosters
knowledge and understanding. There is clearly a significant opportunity to use design to communicate
science challenges and opportunities.

5.1.3 Enabling citizen scientists through technology

The term ‘citizen scientists’ refers to volunteers who participate in science projects, working ‘in partnership
with scientists to answer interesting and relevant questions’ (Science Learning Hub, 2011). While the
involvement of non-scientists in such endeavours is not new, modern technologies have enabled citizen
scientists to contribute to scientific research at a global level with increased ease. Internationally, there

is a trend for networks of organisations to work together; an example is the Genetic Alliance, whose
members undertake research, retrieve information and analyse data relating to genetics (Genetic Alliance,
n.d.). Chief Executive Sharon Terry notes that the Alliance seeks to facilitate the exchange of genetic
data between researchers and those who contribute DNA samples in return for open access to results for
contributors (Marcus, 2011). Collaborations such as this are not without potential conflicts for scientists,
who may have a vested interest in protecting their findings and preventing the early use and publication of
their data by others.

In New Zealand, CRIs and the Department of Conservation have a number of projects with which
citizen scientists can engage (Science Learning Hub, 2011). Members of voluntary organisations such as
Forest and Bird collect data and monitor the trapping of pests to assist government conservation projects.
The group Citizen Science New Zealand has its own blog, where projects can be publicised and people are
able to comment and become involved (CSNZ, n.d.). As technology continues to develop, New Zealand
citizens are increasingly likely to facilitate, participate and respond to science research.

5.1.4 Early engagement with the public over significant issues

Encouraging and facilitating public engagement has proven fundamental to ensuring the science system is
trusted by the public, as well as creating a synthesis between science and the end user. In looking at global
trends, leading independent Swedish organisation Vetenskap & Allmanhet (‘Public & Science’) identified the
drivers of this trend as two-fold: an increasing demand for democratic participation as science increasingly
affects people’s lives, and the increasing focus of science on social issues and the needs of the public (Vet-
enskap & Allmanhet, 2011: 7). Many governments are leading the way. For example, the Parliamentary
Commissioner for the Environment’s (PCE) (2002) Creating our Future: Sustainable development for New
Zealand cited the approach of the Dutch government as a potential way forward for developing policy.”

In New Zealand, the Prime Minister’s Chief Science Advisor, Professor Sir Peter Gluckman, has spoken of
what he sees as the two biggest challenges for New Zealand science in terms of public perception: gaining
the trust of the public through true dialogue, and seamless interaction between business, government,
academia and society (Gluckman, 2011: 51). There are many areas in which New Zealand stands to gain
from public engagement in science, including mining of the conservation estate (PCE, 2010a), aquaculture
development (Stringleman, 2011), and areas of cultural and ethical uncertainty.

29 Success in developing national environmental polices has been attributed to the following four criteria: the government provides a credible
argument for change based on solid scientific consensus; government recognises that industry involvement in both the creation of policies and
solutions encourages industry participation in the success of the strategy; the success of the process rests on continuity; and each sector needs to
secure benefits and recognise concessions of the other parties (OECD, cited in PCE, 2002: 114).
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5.1.5 Open data

The international trend towards open data at a government level is part of a wider movement around
open democracy. The United States, United Kingdom, Canada and Australia all have websites to facilitate
the retrieval of government information. The UK has over 5400 datasets available, from all central
government departments, as well as other public sector bodies and local authorities (UK Govt, 2011) and
an open government data project (HM Government, n.d.). The Canadian government is pursuing open
government along three streams: open data, open information and open dialogue, and ‘aims to drive
innovation and economic opportunities for all Canadians’ (Govt of Canada, 2011).

The New Zealand Declaration on Open and Transparent Government, released in August 2011,
demonstrates a commitment on the part of the government to improving access to data held by its
agencies (English et al., 2011).*° Not only does the availability of such information increase accountability,
but Finance Minister Bill English hopes that ‘[a]llowing research communities to reuse existing data

for new purposes will also increase the value gained from state-funded research’ (ibid.). While New
Zealand is recognised internationally as demonstrating open government practices, the Declaration has
been described as representing a ‘cultural shift within government’ (Goh, 2011). The proactive release

of data by government agencies, free of charge, to research communities and the wider public will offer
considerable benefit to the public as well as the economy.*!

5.1.6 Commitment to open innovation

There is a global trend toward open innovation processes, in which collaboration with external partners
such as suppliers, customers and universities is encouraged and fostered. For example, in a recent speech

Dr Charles Vest, President of the US National Academy of Engineering, discussed six basic lessons for
universities in the 21st century. These lessons, taken from his experiences of research universities in the 20th
century, are: (1) teaching and research must be intimately intertwined; (i1) the quality of a research university
is determined by the quality of its faculty; (iii) science can flourish only in an open environment; (iv) young
[members of] faculty must be free to study and teach what they believe is important; (v) competition
engenders excellence in higher education, and (vi) fundamental scholarship and research must exist on an
equal plane with applied research and innovation (OIST, n.d.[a]).

However, while open innovation creates a larger base of ideas and technologies, it is not without risks. Open
innovation is not a panacea; it has worked in some cases, but not in others. Challenges associated with open
innovation are that it can be difficult to filter ideas generated through such processes, and getting external
ideas may not always be useful (Birkinshaw et al., 2011: 46). The 2008 OECD report Open Innovation

in Global Networks highlights the possible theft of intellectual property rights and difficulties associated

with ownership of knowledge produced through collaboration (OECD, 2008a: 11). This is seen as a bigger
challenge for small and medium enterprises because of their limited resources and expertise in intellectual
property issues. Another potential limitation of open innovation is its transactional nature. It has been noted
that developing longer-term relationships, rather than just undertaking transactions of services, is a critical
factor in innovation (Davison et al., 2010).

30 For example, the Government Datasets Online is a directory of publicly available, non-personal New Zealand government-held datasets. This
site does not host data, instead it links to datasets held on other government websites (NZ Govt, n.d.). Another example is the Government
Electronic Tenders Service, a free service designed to promote open, fair competition in the New Zealand government market and meet
international trade agreement commitments to provide information about New Zealand government business opportunities. Currently,
interested parties need to log in and provide detailed information in order to gain access. (GETS, n.d.)

31 The government has also updated principles for managing government-held data and information, including:

. Government data should be released proactively in accessible formats and licensed for re-use unless there are good reasons not to.
. Information should be well managed, trusted and authoritative.

o Data should be free, or where fees are necessary, reasonably priced.

o Personal and classified data or information will remain protected (English et al., 2011).
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Increasing use of open innovation models by businesses around the world is making it easier for New
Zealand research teams to contribute to international research and development (R&D) programmes
and gain access to the best scientific knowledge and infrastructure. However, risks such as protecting
intellectual property rights need to be managed. The adoption of open innovation in New Zealand is
directed toward optimising relationships while managing risks, and determining what and when it is in
New Zealand’s best interests to share data, information and/or strategic knowledge.*

5.1.7 Disclosure of conflicts of interest

Increasing the level of transparency around conflicts of interest in the area of scientific publications is
another trend. Contributing authors whose interests may be in conflict with their research are being
required to make full disclosures. The global science publisher Nature Publishing Group is at the
forefront of this trend with its competing financial interest policy, which was implemented in 2001. The
policy requires that all contributing authors declare any competing financial interests that are related to
the work they have submitted.” The publishers recognise the potential for research to be undermined by
commercial influences and believe that a policy of transparency will enable readers to trust the integrity of
the publication and take any declarations into account when considering an author’s work.

Research emerging from New Zealand is expected to meet a high level of transparency in order to
maintain its value and integrity at both national and international levels. There has also been recent work
to educate journalists on the reporting of science, and this includes advice to ‘examine the affiliations

of the authors of a published paper, to check for possible conflicts of interest” (SMC, 2010: 13). The
development of journalism standards for science reporting, alongside a growing commitment in science
publications to disclose possible conflicts of interest, reflects an effort to develop trust and provide
accountability to the public.

5.1.8 Reporting on national science assets

A well-performing science system has robust processes that enable its performance to be continually
measured against pre-defined objectives. The Argonne National Laboratory, the United States’ first
national laboratory and one that services both the public and private sectors, demonstrates best practice
in monitoring performance of a national science asset. The performance of the laboratory, which is one
of 10 nationally, is evaluated and graded annually using eight measures of success.** This appraisal scheme
recognises the importance of ensuring the country gains benefits through maximising the performance
and capacity of significant national science assets. It assesses the performance of the National Laboratory
based on how it operates, not on the progress of its specific research programmes.” This means it has

32 This report makes an important distinction between these three terms. Data refers to only one piece of information; patterns of data (collated,
connected or benchmarked over time or between comparable domains) become information, whereas only when the information is put in the
context of decisions is it considered strategic knowledge.

33 The definition of ‘competing financial interests’ includes funding, employment and any personal financial interests. The declaration must appear
at the end of each article, making clear whether or not the authors have identified a competing financial interest, and if so giving full details
(Nature Publishing Group, n.d.). Nature’s policy recognises that ‘[t]here are circumstances where selection of evidence, interpretation of results
or emphasis of presentation might be inadvertently or even deliberately biased by a researcher’s other interests’ (ibid.).

34 The Laboratory has over 3000 employees, an operating budget of US$630 million, and is managed by the University of Chicago for the
Department of Energy’s Office of Science (United States Department of Energy, n.d.). In 2006 the US Office of Science introduced an appraisal
scheme to ‘evaluate the scientific, technological, managerial, and operational performance’ of each national laboratory and its contracted
operators (United States Department of Energy, 2011). The scheme’s eight measurements are listed here along with Argonne’s grades for the year
ended September 2010:

1. (A-) Mission Accomplishment (Quality and Productivity of R&D)

2. (A-) Construction and Operation of Research Facilities

3. (A-) S&T Project/Program Management

4. (B+) Contractor Leadership/Stewardship

5. (B) Environment Safety and Health

6. (B+) Business Systems

7. (B) Facilities Maintenance and Infrastructure

8. (B+) Security and Emergency Management. (United States Department of Energy, 2010)

35  External reviewers suggested that two important indicators should be added to those reported on by the Argonne National Laboratory:
maintenance of research capabilities, and growth of research capabilities.
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put in place a system where a portion of the asset is used by not-for-profit organisations so that they can
undertake research for the public good. This is overseen by a group of experts in a range of fields.

In New Zealand, a similar scheme might be applied to CRIs and other significant science assets.*® Until
recently, CRIs have tended to be monitored largely in terms of financial performance. With MSI taking
over the role of monitoring CRIs from Treasury, it is anticipated that a range of non-financial factors will
also be used to assess performance. This is to be welcomed. The idea of measuring performance in a report
card format has been implemented successfully outside government by the New Zealand Institute.”

5.1.9 Use of competitions to achieve specific science outputs

Competitions are used increasingly to incentivise individuals or teams to solve complex problems or
achieve specific outcomes. International examples include prizes aimed at encouraging technological
breakthroughs (such as the Ansari X PRIZE* and the Defence Advanced Research Projects Agency
[DARPAY” competitions), addressing global food security (Royal Society [UK], 2009), and enhancing
national defence (NSF, 2011).* Internationally, prizes have been identified as being more effective when
dealing with ‘puzzles’, where they are aimed at achieving a specific breakthrough, or ‘finding the missing
puzzle piece’, than with ‘mysteries’, which require a wider assessment to attain a deeper understanding of
the problem. Steffen Christensen (of Policy Horizons Canada) supported this view and added that it was
important not to have too many prizes, they should be specific (based on achievement), and they should
be relevant and small in number; otherwise prizes lose their value as an incentive to drive progress (Steffen
Christensen, personal communication, December 6, 2011).

In New Zealand, the Prime Minister’s Science Prizes, established in 2009, annually represent $1 million in
prize money, and were introduced to raise the profile and prestige of scientific endeavour (MoRST, 2010a:
40). The top award, valued at $500,000, recognises a transformational science discovery or achievement that
has had a significant impact on New Zealand or internationally. The prizes are aimed at celebrating scientific
achievement, highlighting the impact science has on New Zealanders’ lives, and attracting more young
people into science careers (PMSP, 2011). Perhaps prizes for those who resolve problems that are specific to
New Zealand, such as pest management, may be a useful way forward. Care must be taken to make prizes
relevant to New Zealand, well administered, significant and easily discoverable to potential recipients.

36 Examples of other significant science assets include New Zealand’s investment in the Australian Synchrotron, New Zealand Genomics Ltd and
the National e-Science Infrastructure. Other large science infrastructure initiatives may also be funded by the government in the future. In all
cases, large investments in infrastructure should be evaluated to ensure they are maintained and utilised to provide value for the public over the
long term.

37  The New Zealand Institute’s NZ Abead report card project tracks 16 indicators over time, grading them in the same way, to give New Zealanders
an idea of overall long-term social, environmental and economic performance (NZI, n.d.). The New Zealand Institute set targets for each
indicator, looking to the year 2015. Its report discusses whether indicators are being addressed so that improvements can be made and targets
met. Such performance reporting makes it clear whether policy change is resulting in actual change.

38  The 1996 Ansari X PRIZE aimed to prompt the development of low-cost spaceflight, and offered US$10 million to the first non-government
organisation to launch a reusable manned spacecraft into space twice within two weeks (X PRIZE Foundation, 2011a). A recent deal between the
company formed by the 2004 award winners, Mojave Aerospace Ventures, and Virgin Galactic is aimed at delivering scheduled space tourism in
the near future. The Ansari X PRIZE is the largest and most high-profile competition to date from the X PRIZE Foundation. The Foundation
is a not-for-profit organisation that aims to facilitate ‘radical breakthroughs for the benefit of humanity’. These competitions are open to
individuals and organisations across all disciplines (X PRIZE Foundation, 2011b).

39 DARPA aims to enhance United States national security by funding research and technology development in order to improve military
capabilities, while also aiding technological breakthroughs that change the way we live (DARPA, n.d.). With Congress approving the awarding
of cash prizes by DARPA, the US government has shown its support for such competitions.

40 The Royal Society, the UK’s national academy of science, has publicly supported prize competitions. This has included appealing for a £2 billion
‘Grand Challenge’ research programme on global food security, stating that ‘there’s a very clear need for policy action and publicly-funded
science to make sure this happens’ (Royal Society [UK], 2009).

41 The National Science Foundation (NSF), an independent federal agency created by US Congress in 1950, provides grand challenge prizes across
all fields of fundamental science and engineering, except in medical sciences. The NSF has an annual budget of around $6.9 billion (2010 financial
year), and is the funding source for approximately 20% of all federally supported basic research conducted by America’s colleges and universities
in fields such as mathematics, computer science and the social sciences. Its aim of promoting ‘the progress of science; to advance the national
health, prosperity, and welfare; to secure the national defence ..." is supported by awarding funding research in traditional academic areas as well
as ‘high-risk, high pay-off’ ideas (NSF, 2011).
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5.1.10 Pursuit of interdisciplinary research

Interdisciplinary research, which enables researchers from a range of disciplines to collaborate on a
common work programme, is on the increase. Such research often leads to rich, creative solutions to
complex problems, and individual disciplines can benefit greatly from the new approaches and expertise
that come with collaborating with the wider science system. Globally there is a risk that current funding
portfolios and allocation systems will not be able to properly assess interdisciplinary research proposals
(NSF, 2009: 2; Royal Society [UK], 2010: 40). It is also a challenge to train emerging researchers to become
more involved in interdisciplinary research when it was discouraged by past structures.

New Zealand is responding to this trend by fostering projects that utilise the interdisciplinary approach.
One example is the taskforce that produced Improving the Transition: Reducing social and psychological
morbidity during adolescence. In October 2009 the Prime Minister requested a report focused on how
New Zealand may improve the outcomes for young people in their transition from childhood to
adulthood. A taskforce was established with a number of distinguished academics and clinical practitioners
from a variety of relevant disciplines (OPMSAC, 2011a: vii). Professor Gluckman stated in the report,
‘Despite the broad range of backgrounds and disciplines on the Taskforce, the conclusions were reached
with strong consensus and the Synthesis Report is endorsed by all members of the group’ (ibid.). Key
institutions within the science system should increasingly take the opportunity to consider how best to
encourage interdisciplinary research, especially in light of the current changes to funding models and
attempts to change elements of the science system’s culture.

5.1.11 Focus on talent

Global competition for talent has increased markedly in the wake of the 2008 global recession. In a
PricewaterhouseCoopers survey of global CEOs, 97% stated that having the right talent is the most
critical factor for their business growth (PwC, 2010: 4). The increased focus on talent means that the
traditional value placed on developing, attracting and retaining talent has become even more important as
global competition increases in response to a more globally mobile workforce. Currently there is a lack of
specific data flow on the migration of talented scientists and diaspora networks (Royal Society [UK], 2011:
6), and obtaining such data will be central to benchmarking change over time.

There has also been an increasing focus on the nature of talent. Matthew Syed, in his book Bounce: The
myth of talent and the power of practice, discusses the work of Anne Roe, a psychologist at the University
of Arizona, who concluded that scientific creativity is ‘a function of how hard you work at it’ (Syed,
2010: 92). Roe’s study suggests that it is practice, rather than intelligence, that holds the key to success, a
challenge to the common concept of innate talent and a strong case for focusing on talent development.

One of the key themes that emanated from the Institute’s StrategyNZ: Mapping our Future event in
March 2011 was expressed by Sir Paul Callaghan, an eminent scientist and 2011 Kiwibank New Zealander
of the Year.” Callaghan described how New Zealand could become ‘a place where talent wants to

live’, and emphasised the potential benefits if New Zealand created an environment that both attracts
foreign talent and retains local talent. In July 2011 the Institute hosted a group of business leaders and
entrepreneurs to discuss ways in which this idea could be better realised.

42 Text from this presentation has been reproduced in New Zealand Science Review, 68(3), 2011: 103-104.
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Prior to the meeting Sam Morgan, the founder of TradeMe, made a number of observations concerning
talent that were further developed by the group.* These included:

e Talent likes talent

e Talent wants to be the best in the world
e Talent enjoys being recognised

e Talent thinks and acts globally

e Talent hates completing forms

e Talent gets frustrated with delays

e Talent needs human capital

e Talent grows through investment

e Talent follows talent

e Talentis key

Following the meeting Sir Paul made the observation, ‘So my take is this, we simply push on, ignore
the pessimism, and lead by example. Then suddenly we find ourselves surrounded by success and telling
ourselves that it was always meant to be this way’ (Sir Paul Callaghan, personal communication, July 2011).

5.1.12 Global science to address global challenges

A recent report by the Royal Society (UK) (2011), Knowledge, Nerworks and Nations: Global scientific
collaboration in the 21st century, found that the science industry is becoming increasingly global; that
traditional and emerging superpowers (e.g. the US, Western Europe, China, Japan, Brazil and India)
still lead the field, but the distribution of scientific activity is trending towards being concentrated in
dispersed hubs (e.g. the Middle East, South-East Asia and North Africa), and science is flourishing beyond
these hubs in order to drive economic activity and address local and global sustainability issues.* The
international landscape has also changed as scientists are increasingly involved in intergovernmental
collaborative efforts (e.g. the Intergovernmental Panel on Climate Change). The UK report recognises
that global challenges are often interdependent and interrelated (such as climate change, water, food,
energy security, population changes and loss of diversity) but responses to these challenges are often
operating in isolation within national rather than global frameworks.*

New Zealand is engaging with scientists around the world in addressing global challenges. Participation
in international research projects such as the Australian Synchrotron facility, the bid for the Square
Kilometre Array, the Global Biodiversity Information Facility and the Global Research Alliance for
Agricultural Greenhouse Gases are among recent examples. It has been noted that greater involvement in
international collaborative projects means New Zealand scientists are able to ‘learn from how other large-
scale collaborations have built new partnerships, capability, infrastructure and cultures’ (Penman et al., 2011: 45).

43 Participants included Paul Callaghan, Alan MacDiarmid Professor of Physical Sciences at Victoria University of Wellington and 2010 KiwiBank
New Zealander of the Year; Miang Lim, Senior Food Scientist at Food Standards Australia New Zealand; Hamish Edwards, co-founder of Xero;
Alex Fala of Trade Me; Gerald Fitzgerald of Kensington Swan; Kate Frykberg from the Todd Foundation; Lindis Jones of Z Energy; Mark
McGuinness and Murray Gribben of Willis Bond; Jeremy Moon from Ice Breaker; Lloyd Morrison of HRL Morrison; James Palmer from MAF;
Grant Patterson, finance and investment banker based in New York; Fran Wilde of the Greater Wellington Regional Council; and Wendy
McGuinness and Jessica Prendergast from the McGuinness Institute.

44 The report further notes: ‘Collaboration enhances the quality of scientific research, improves the efficiency and effectiveness of that research, and
is increasingly necessary, as the scale of both budgets and research challenges grow ... Collaboration brings significant benefits, both measurable
(such as citation impact and access to new markets) and less easily quantifiable outputs, such as broadening research horizons’ (Royal Society
[UK], 2011: 6).

45 The report suggests all countries have a role in tackling global challenges and in developing global infrastructure that is resilient to existing and
new challenges. It also recommends that governments work harder at robust and evidence-based policy making (bringing excellent scientists into
the policy advisory process); at committing to building scientific capability in less developed countries and at maintaining flexible and adaptive
policies to optimise the flow of talented people so that international collaboration is not stifled by bureaucracy (Royal Society [UK], 2011:
104-107).
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5.2 Implications for the Future

Science policy will continue to evolve in response to changes in weak signals and wild cards. Fundamental
to progress is whether ministries, policy analysts and general public are well equipped to make rational
decisions about the important scientific choices New Zealand needs to make. As director-general of the

European Organization for Nuclear Research (CERN) states:

Thanks to the increasing globalisation of science ... scientific news travels faster, allowing scientists wherever
they may be to pick up a topic and run with it. This is great for science, because no country or region has a
monopoly on intellect. Scientific globalisation allows us to tap into genius wherever it may be ... [but] we as
a global society are increasingly dependent on science, yet increasingly ignorant of it. This is not a healthy
state of affairs, and it is one that science must address, both by engaging more with the wider world and by
pursuing the globalisation of science more vigorously than ever. (Heuer, 2011)

Science policy and designing tools to progress effective policy will continue to be a challenge in the future.
The next three sections of the report analyse the current government-funded science system. In doing so a
number of policy knots became apparent. These are discussed in detail in Section 9 and linkages between
these policy knots and strategies are listed in Appendix 6.
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The following statement from the New Zealand Association of Scientists’ submission to the Crown
Research Institute Taskforce highlights the importance of developing a sound understanding of purpose
before robust strategic planning can take place:
A comprehensive review of the way the whole science system is operating and the assumptions that
underpin it, is required before particular issues are addressed. In particular a robust analysis is needed
of what the science endeavour is, what is required of it, and hence what its institutional needs are. We
recommend that such a review be carried out before any attempts are made to reform CRIs. Otherwise there

is a risk of superficial patch-up solutions that do not address the underlying problems and that simply create
new malaises in the science system. (NZAS, 2009)

It is particularly important that there is a clear and compelling vision that describes a desired future
destination. A wide-ranging and inclusive strategic planning process can also provide an invaluable
opportunity for dialogue and collaboration within the scientific community, among policy-makers and
with the wider public and stakeholders. Defining a shared vision, then working out how to achieve that
desired outcome, is the essence of strategic planning.

This section explores and analyses the purpose of the current government-funded science system in terms
of its mission, values and vision. While Table 3 in Section 3 provides an overview of the purpose of
government-funded science over time, this section describes the current purpose in more detail. Sections
6-8 follow the strategy pyramid introduced in Figure 1.

6.1 Mission

A mission statement for the government-funded science system
should answer the question “Why does the system exist?” The
MSI website currently answers this question by stating the . VALUES
following under the heading ‘Purpose and Goals’: /. VisloN
New Zealand is a smart nation with unrealised potential, and =
key to our future prosperity and wellbeing is a high performing
. ENaBLERS

science and innovation sector.*®

TARGETS AND INITIATIVES
PERFORMANCE INDICATORS
STRATEGY MAP

MSI has an ambitious mandate to transform New Zealand
by driving science and innovation to increase our economic,
environmental and social performance.

We will do this through our strategic leadership and by partnering with the science and innovation sector and
through the networks we build across government, research organisations, business and industry.

[The purpose of MSI is] Leading the science and innovation ecosystem to deliver a step change to New
Zealanders’ prosperity and wellbeing. (MSI, 2011b).

This builds on the May 2011 statement which articulated the mission as:

Science and innovation creating benefit for New Zealand. (MSI, 2011c: 6)

46 The Minister ‘asked MSI to focus its effort on giving effect to the “smart nation” concept through the following priority work programmes:

. Establish the “advanced technology institute” and respond to the high-tech sector review: Complete the budget process and high-level
conceptual design to advance the Institute initiative, and provide advice on any systems or policy settings that will need modification in
light of the review of R&D support to the high-tech sector.

. CRI Taskforce phase 2: Policy advice on the potential consolidation of CRIs to achieve scale, competitive advantage, cost efficiencies and
improved strategic alignment.

o Internationalisation: Strategic engagement to maximise NZInc’s impact offshore and derive greater benefit from MSI’s international
science and innovation efforts.

o Visible momentum on business support: Enhancing business linkages with the science system, including through the establishment of the
National Network of Commercialisation Centres and as a result of the review of R&D support to the high-tech sector.

o Contributing to the future success of Christchurch: This includes supporting Canterbury businesses in close liaison with other agencies,
and ensuring that science needs are adequately met for both earthquake hazards and the rebuilding work needed to achieve a viable,
vibrant Christchurch city.” (MSI, 2011d: 24)
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This mission is also evident in the legislature relating to the purpose of the Ministry, as set out at s 7(1) of
the Research, Science, and Technology Act 2010 (the Act):

Specified RS&T funding may be allocated for research, science, or technology, or related activities, for the
benefit of New Zealand. [Bold added]

Thus, the mission according to the Act and MSI’s Statement of Intent focuses on the benefit to New
Zealand. Section 7(2) of the Act provides further insight into the science-specific nature of the benefits to be
derived from government-funded science, stating that activity includes (but is not limited to) activity that:

is likely to increase knowledge or understanding of the physical, biological, or social environment; or
b. s likely to contribute to New Zealand’s economic growth; or

c. islikely to develop, maintain, or increase skills or scientific or technological expertise that is of particular
importance to New Zealand; or

d. isunlikely to be funded, or adequately funded, from non-governmental sources; or
e. facilitates research, science, or technology, or related activities; or
f. promotes or facilitates the application of research, science, or technology, or related activities.

The funding direction for the Science and Innovation Boards, as set out in the New Zealand Gazette (the
Gazette), also provides an insight into a more science-specific mission. Instead of having a single board approve
all funding, as was the case with FRST, the new system delegates investment decisions to either a Science
Investment Board or an Innovation Investment Board.” The Act sets out the function of the two boards:*
Under Section 10(3) of the Act, | specify that the Science Board will be responsible for making decisions for
funding used predominantly by research organisations. Funding decisions made by the Science Board will

enable New Zealand research organisations to conduct high-quality research that creates economic, social
and environmental benefits for New Zealand. [Bold added]

Under Section 10(3) of the Act, | specify that the Innovation Board will be responsible for making decisions
for funding that supports business-led research and development and technology transfer. Funding decisions
made by the Innovation Board will support New Zealand businesses to grow by becoming more innovative
and internationally competitive; and to increase the benefit New Zealand derives from publicly funded RS&T.
[Bold added] (DIA, 2011: 179)

This thinking is reflected in MSI’s Performance Framework, which shows ‘growing the economy’ and
‘building a healthier environment and society’ as the two priorities underpinning the government-funded
science system, see Figure 4. This diagram is effectively a strategy map,* in that it aims to describe how
MSI will achieve the two high-level government priorities.

6.2 Values .
Values are the set of common beliefs and standards held
 VALUES

by stakeholders that drive the priorities and culture of the

=

system. A set of core values empowers individuals to establish

JwisioN
operational goals, make timely decisions and monitor progress,  DRwERs
and to work together or individually to achieve shared goals.  ENABLERS
Such an approach leads to a more efficient and effective system TARGETS AND INITIATIVES
and a more consistent set of deliverables. PERFORMANCE INDICATORS

STRATEGY MAP

47 Further to these two boards, some Vote S&I funding (formerly Vote RS&T funding) follows decision-making processes that do not require
referral to a board established under Section 10(1)(a) of the Act. This includes: the Marsden Fund, Fellowships for Excellence (including
Rutherford Discovery Fellowships and Fulbright), International Relationships, Health & Society research investments made by the Health
Research Council, Vision Matauranga Capability Fund, Business-Led Research and Development funding allocated via Regional Business
Partners, and Commercialisation and Technology Transfer Support, Objective 1 (including National Networks of Commercialisation Centre
funding and what was historically invested as pre-seed funding) (DIA, 2011: 209).

48 The Act also establishes the criteria for each board (as set out in the Gazette). For further discussion of the new boards and the criteria for
funding under this new framework, see Working Papers 2011/14: MSI Innovation Board: Legislation, operation and board membership (SF1, 2011b)
and 2011/15: MSI Science Board: Legislation, operation and board membership (SF1, 2011c)

49 Strategy maps provide the visual framework for integrating objectives and illustrate the cause and effect relationships that link internal processes
to preferred outcomes (Kaplan et al., 2004: 55) (see Section 8).
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There is a wider discussion to be had around how the cultures of the previous institutions, MoRST and

FRST, will be unified under MSI. In addition, the culture within each CRI, and other science providers,
will need to change in the new funding environment. MoRST’s strategy document lgniting Potential did
not explicitly define core values for the science system. However, MSI’s Statement of Intent 2011-2014

notes that a set of values remains a work in progress.

[In 2011] there will be a focus on actively shaping a culture that supports MSI to be a high-performing agency.
There will be a project defining the values for MSI and the integration of these across the organisation.
These will form the baseline of our expectations of behaviour and standards and will be rolled out across the

organisation (MSI, 2011c: 27).

Figure 4: Ministry of Science and Innovation Performance Framework (Outcomes, Impacts, Outputs), 2011

Source: MSI, 2011c: 11

GOVERNMENT PRIORITIES

Growing the economy Building a healthier
environment and society

EXTERNAL IMPACTS

More businesses engage earlier with research organisations

More companies invest more in R&D

Decision markers are guided by relevant and up-to-date information, technology and tools

Central and local government use research to identify and plan for over-the-horizon risks and opportunities

VISION

High-performing science and innovation systems improving New Zealanders’ wealth and wellbeing

SUPPORTING OUTCOMES

Building high-performing science Building improved international
and innovation systems science and innovation linkages

SYSTEM IMPACTS
Excellent people with relevant and high-value science and « Increasing the number of scientists and engineers moving
innovation skills between research organisations and businesses

Accessible, fit-for-purpose infrastrucutre « Better translation of international science for domestic

Effective, well-connected and collaborative research benefit
organisations « Access to offshore knowledge, technology, infrastrucutre

Research organisations engage early with companies and and expertise
end users

MSI OUTPUTS

Strategy and priority setting Facilitate, broker and invest Monitor, measure and evaluate

In partnership: « Advice on, and strategic management Monitor contracts and agreements

- Agree science and innovation of, investment processes Monitor statistics and other data
priorities - Agree core funding agreements with Contract and institutional reviews

- Agree sector investment strategies CRIs Strategy and policy evaluations

+ Contribute to key government + Agree funding agreements with Funding and investment agent

initiatives funding and investment agents reporting

Ownership advice to CRI shareholders
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6.3 Vision

A vision statement should describe a state or position that
stakeholders wish to move to; a place different from where
they are currently situated. On 1 December 2011, MSI
published its latest vision statement, which provides a much
clearer context as to what this new state would look like, and
the timeframe in which this change is expected to take place.

A

[The MSI challenge is to] double the value from science and

innovation for New Zealand [in the next five years]. TARGETS AND INITIATIVES
(MSI, 2011b) PERFORMANCE INDICATORS
STRATEGY MAP

MSP’s Statement of Intent 2011-2014 refers to its vision as:

High-performing science and innovation systems improving New Zealanders’ wealth and wellbeing.
(MSI, 2011c: 6)

This implies that the country currently has a low-performing science and innovation system.” The

distinction between a high- and a low-performing science system is not defined. Only by providing such

clarity can New Zealand be sure it is moving in the right direction and able to measure progress. The

boxed text expands on Treasury’s vision for government-funded science and sets out how MSI is likely to

contribute to the concept of a ‘smart nation’.

High-Level Objectives of Vote Science and Innovation

The Government is committed to lifting New Zealand’s economic performance through science and
innovation so that New Zealand becomes a smart nation. Key components to achieve this are to incentivise
firms to invest more in Research and Development, focus investment in key areas, transfer knowledge and
technology to firms and industry to accelerate business growth, and to increase the number of entrepreneurs
and researchers doing high impact science - all of whom are needed to turn good ideas into export successes.

Science and innovation improves New Zealanders’ wealth and wellbeing. Government’s investment in
research produces ideas and knowledge that drive innovation. Those ideas are taken up and applied

in commercial products that fuel economic growth throughout society by enhancing New Zealanders’
health and lifestyle, and in understanding how to make the most of our natural resources and protect our
environment.

Science and innovation are considered central to New Zealand’s future economic prosperity. Science plays
a vital role in providing evidence for quality decision making, creating new knowledge to drive economic
growth, while enriching our society. Government has a central role in ensuring that science delivers greater
impact for New Zealand. The Government is the largest investor in science and innovation within New
Zealand and also owns key research capability in the form of the Crown research institutes (CRIs).

MSI will focus on giving effect to the ‘smart nation’ concept through the following priorities:

e Explore the ‘advanced technology institute’ and respond to the high tech sector review
e Implement CRI Reforms

e Internationalisation

e Visible momentum on business support

e  Contributing to the future success of Christchurch

e Top Talent

e Infrastructure. (Treasury, 2011e: 103)

50

In 2010, MoRST identified the desired outcome of its operations as ‘science and technology improving New Zealanders’ wealth and wellbeing’
(MoRST, 2010c: 4). Prior to the release of the Ministry’s 2010/ 11 Statement of Intent, MoRST had identified the ultimate goal of government-
funded science in New Zealand as producing ‘value for New Zealand’ (MoRST, 2009a). Earlier, more specific high-level goals were stated to be:
evidence for decision-making; new knowledge to drive economic growth, and enrichment of society (MoRST, 2009b: 5).
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6.4 Discussion

The current mission 1s high-level and does not provide a detailed rationale as to why the public should
support government-funded science. Without clarity over why it exists, stakeholders are unlikely to
support the continued appropriation of public funds, and it is unclear how judgements can be made as to
whether or not the investment has delivered the benefits promised. Further, investment in government-
funded science is long term and as such the intra-generational aspect is an important element in under-
standing why government-funded science is central to sustainable development.

While it is encouraging to see that MSI established a project in 2011 to create a set of values, it is surprising
that these values are still in progress. Ideally values should be identified early and then used to determine
the optimal strategy and structure. Agreeing upon a set of core values for MSI and the wider government-
funded science system remains critical to developing a more adaptive, creative, productive and resilient system.

The vision must be able to create a description of a future place and time that is compelling and succinct
so that it is easy to navigate to and stakeholders know that they have arrived. Although the latest MSI
vision is clear and is an improvement, it is also difficult to see how progress can be benchmarked over
time. Agreeing a vision is not easy and requires an understanding of what is desired and what is achievable.
Section 10 continues this discussion.
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7. The Strategy Driving Government-funded Science

Having considered the purpose underlying government-funded science, the next step is to explore how
this vision could be pursued through an effective strategy. This involves looking at how the current
government is planning to spend its investment (strategic intent); what themes it will focus on to deliver
the strategy (drivers); and what resources will be used to achieve its strategic intent (enablers). An effective
strategy should state how it will achieve a particular purpose in sufficient detail so that the cause and effect
can be understood and therefore executed, and its performance measured. A discussion on the importance
of monitoring progress to be used for the purpose and strategy can be found in Section 8.

In order to determine the quality of a strategy, it must be assessed in terms of the extent to which integrity
and alignment exist within it (internal cohesion) and whether it is appropriate within the current and
future landscape (external cohesion). These questions are discussed at the end of this section.

7.1 Strategic Intent

The dialogue around how best to design the government-funded
science system is continually evolving and is supported by a

substantial background of discussion documents, as discussed below. =

In late 2005, work was undertaken by MoRST to look at how -
to make a more stable funding environment (MoRST, 2005). . DRWERS
In 2006, MoRST then undertook an overview of the Research, _
Science and Technology system (MoRST, 2006a). By 2007 the HAREEIE ARE IS
L . PERFORMANCE INDICATORS

strategy was to focus primarily, but not exclusively, on the

. . : : STRATEGY MAP
scientific part of research, science and technology; in particular
the creation of new scientific knowledge (MoRST, 2007a: 2). The strategic framework was: (1) sharpening
the agenda for science; (i1) engaging New Zealanders with science and technology; (ii1) improving business
performance through research and development, and (iv) creating a world-class science system for New
Zealand. The core business included cross-government and international collaboration (ibid.: 5-6). The

timeframe expected to achieve the strategic framework was 3-5 years.

In 2008 MoRST evaluated the Crown Research Capability Fund (MoRST, 2008a) and the R&D tax credit
(MoRST, 2008b). Evaluations of research and development (MoRST, 2009¢), Vision Matauranga (MoRST,
2009d), priority research outcome areas (which were agreed by Cabinet in December 2009) (MoRST,
2009¢) and foresight (MoRST, 2009f) followed and this process is ongoing.” The new priority investment
areas came into effect on 1 July 2010 and continue today. They are:

High-value manufacturing and services

Biological industries

Energy and minerals

Hazards and infrastructure

Environment
Health and society. (MoRST, 2009e)

AN o

Figure 5 shows the current priority investment areas in the outer circle and the supporting priorities at the
centre of the circle.”? The proportions are based on Budget 2010 investment.

51  Also see the discussion of the Reviews of Innovation Policy: New Zealand (OECD, 2007a) and the National Science Panel’s Science Manifesto (NSP,
2008) in Section 3.3 of this report.

52 See ‘priority investment areas’ in glossary. We have used this term throughout the report, although it is not consistently applied across
government documents. It is important that terminology of this nature is used consistently in government documents for monitoring and
reporting purposes. Further, the use of the word ‘priority’ is arguably misleading in that the intent seems to be to divide science research into
subsets rather than prioritise one area of science over another.
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Figure 5: Priority Investment Areas, 2010 (Budget)
Source: MoRST, 2010a: 16>

Biological industries

Talent development

Marsden Fund

Energy &
minerals

International relationships

Research infrastructure Hazards &
infrastructure
Vision Matauranga
capability

Environment

Health & society

MOoRST’s Igniting Potential: New Zealand’s science and innovation pathway (2010a) sets out what is
expected from a science system in New Zealand based on these priorities. It describes, in broad terms, how
to achieve its goals, and the three sets of principles necessary to guide investment in science: (i) general
principles; (ii) priority-setting principles, and (iii) operational principles.** The strategic intent of the
current strategy is to unlock the potential within the system by a number of means, the most significant
of which is the establishment of a single policy and investment agency. Many of the same themes such

as collaboration and international relationships continue to be key aspects of the strategy today. Igniting
Potential closes by describing the recent structural changes as ‘steps being taken at the beginning of an
exciting pathway’ in which the report is ‘the first stage of an ongoing process’ (MoRST, 2010a: 59). The
rationale for the recent reform is discussed in Section 3.4 of this report.

MST’s Statement of Intent 2011-2014 sets out the short-term intent and new responsibilities of the
Ministry. The Statement of Intent includes discussion of MSI having primary responsibility for financial
and non-financial monitoring of CRIs (MSI, 2011c: 3) and as the provider of strategic leadership in the
science and innovation system.

MSTI has recently published information on seven Sector Advisory Groups, which in effect represent
all six priority investment areas outlined in Figure 5. One of the priority investment areas (biological
industries) was further broken up into ‘biological resources’ and ‘food’ (MSI, 2011e), resulting in seven

53 Vision Matauranga is a MoRST policy framework with the mission statement: to unlock the innovation potential of Maori knowledge, resources
and people to assist New Zealanders to create a better future. The purpose of the framework is to provide strategic direction for Vote RS&T
funding for research of relevance to four themes: (i) Indigenous Innovation: Contributing to Economic Growth through Distinctive R&D; (ii)
Taiao: Achieving Environmental Sustainability through Iwi and Hapu relationships with land and sea; (iii) Hauora/Oranga: Improving Maori
Health and Social Well-being; and (iv) Matauranga: Exploring Indigenous Knowledge and RS&T (MoRST, 2009d).

54  Inaddition to the general guidance provided by Igniting Potential, there are several central government documents specific to particular areas of
scientific research in New Zealand. According to MoRST (2007c), public investment in certain areas of science had been guided, where relevant,
by the following MoRST strategies, which form the Roadmaps for Science series of documents: the Energy Research Roadmap; Nanoscience and
Nanotechnologies Roadmap; Biotechnology Research Roadmap, and Environment Research Roadmap. Under the 2011 merger of MoRST and FRST
these responsibilities were transferred to MSI and information is not yet available as to their degree of continuity under the new scheme.

55  For the purposes of this report priority investment areas are considered to mean research areas; there is no implication that one area of research
has priority over another.

2058 SCIENCE EMBRACED 45



46

THE STRATEGY DRIVING GOVERNMENT-FUNDED SCIENCE

groups. Shortly before this publication went to press MSI had just updated its stated purpose, set of goals
and list of roles and functions. The newly articulated roles and functions indicate another change in the
Ministry’s strategic intent:

e Advising the Government on New Zealand’s science and innovation system
° Overseeing science and innovation investment and supporting infrastructure

o Fostering commercialisation, enhancing productivity and achieving wider benefits for New Zealand
through the application of research results

o Monitoring the financial and non-financial performance of New Zealand’s eight CRIs. (MSI, 2011b)

7.2 Strategic Drivers

Strategic drivers identify the key focus areas that the strategy
uses to drive activity. Key focus areas driving activity in the
New Zealand science sector include:*

o Improving linkages; -
° Improving the innovation system; =

° Ensuring processes are cost-effective, and
o Developing partnerships both internally and externally.

TARGETS AND INITIATIVES

The Statement of Intent 2011-2014 includes the following PERFORMANCE INDICATORS
statements that reflect the above drivers: STRATEGY MAP

MSI will focus on our vision, ‘High-performing science and innovation systems improving New Zealanders’
wealth and wellbeing.” This will be achieved by focusing on our supporting outcomes, ‘Building high-
performing science and innovation systems’, and, ‘Building improved international science and innovation
linkages’. (MSI, 2011c: 10)

MSI is a small agency with approximately 140 staff. To achieve our strategic intent we will have to work with
and through others. An important role is therefore to facilitate, broker and connect key players in the science
and innovation systems. (ibid.: 8)

During 2011/12 the key areas of focus will be our people; leadership; culture; relationships; processes,
policies and systems; our technology and property; measuring our health and capability; sound departmental
capital and asset management practices and equal employment opportunities. (ibid.: 25)

7.3 Strategic Enablers

While strategic drivers outline the means used to achieve the
strategic purpose, enablers drive change. Enablers generally
change in response to changes in purpose. Through our
examination of the key players in the MSI institutional
framework, we have identified five key enablers: the

A

-

institutional framework; scientists; infrastructure; the funding

system, and the regulatory framework. However, we first TARGETS AND INITIATIVES
consider barriers, or ‘disablers’, within the system, as perceived PERFORMANCE INDICATORS
by the scientific community. STRATEGY MAP

In 2005, the New Zealand Association of Scientists (NZAS) recommended eight initiatives in order to
enhance both the productivity of New Zealand’s science system and the morale of the research community.”

56 The key drivers behind New Zealand’s science system are summarised in Table 3 of this report.

57 Briefly the eight initiatives were to: (i) increase RS&T public funding by at least 25%; (ii) reduce the current proliferation of funding instruments;
(i1i) develop clear guidelines concerning the expectations of managers of public-funded institutions in the RS&T system because conflicting
objectives and incentives exert a negative impact on the functioning and effectiveness of the whole system; (iv) examine the continuing relevance
of the roles of various RS&T institutions; (v) develop funding policy in a more transparent manner and signal future funding scenarios more
clearly than at present; (vi) reconsider how CRIs should be funded; (vii) increase resources to excellence-based research, such as is presently
funded within the Marsden Fund, by as much as 200%; and (viii) reinstate research excellence as an important funding criterion in the PGS&T
and similar funds (NZAS, 2005: 2-3).
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In 1996, 2000 and 2008, Professor Jack Sommer, a Senior Fulbright Scholar and science policy research
scientist at the University of North Carolina at Charlotte, surveyed New Zealand scientists in an attempt
to give the scientific community a voice on matters of interest to it. The three surveys explored the
attitudes, opinions and concerns of the scientists. The findings of the 2008 survey were based on 361
valid responses, with 75.6% of respondents holding New Zealand citizenship. The survey questions were
divided into four sections: concerns of scientists; science, values, and government; scientific inquiry and
education; and performance of the science and technology system (Sommer, 2010: 4).

In 2008, Sommer took seven important issues that had been identified in the 1996 survey, and asked
respondents to choose the two issues they considered to be most important at that time. The seven issues
had been chosen based on focus group discussions with members of the New Zealand science community.
Figure 6 shows Sommer’s summary of the major issues facing science.

Figure 6: Major Issues Facing Science, 2008
Source: Sommer, 2010: 15

Fraudulent development
of data and its use by

Other scientists
Over-politicisation of
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research
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and technology
—
11%
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technology
11.9%

Emphasis on funding/

applied research over
basic research
15.8%

Bureaucratic
accountability,
management and red
tape
24%

As Figure 6 shows, interruptions in research funding combined with bureaucratic accountability,
management and red tape account for nearly half the responses (49.4%) (Sommer, 2010: 15). Sommer also
looked at the connections between particular fields of science and individual issues. Those most concerned
with interruptions in research funding were working in the fields of agriculture and soil sciences (58.1%),
physical sciences (42.9%) and biological sciences (40.9%). Those most concerned with bureaucracy and red
tape were working in agriculture and soil science (29.0%) and health science (28.6%) (ibid.). Interestingly, the
responses from university and CRI scientists were similar, with one major exception: 49.3% of CRI scientists
cited interruptions in funding as the most important issue, compared with only 24.2% of university scientists
(ibid.). In questions such as this, what is interesting is not only what is most significant, but also what is not
considered to be significant. In this case, scientists were not significantly concerned with a lack of public
understanding of science, over-politicisation of research or fraudulent developments.

Together Sommer’s three surveys provide an interesting insight into the barriers and issues facing the
New Zealand scientific community as perceived by those working within the system.
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7.3.1 Enabler 1: Institutional Framework

Section 3 provides the background history to the current structure. Appendix 7 describes the significant
players as they exist today, and Appendix 8 describes the purpose, agenda and funding sources of CRIs.
Many others provide checks and balances, such as the Office of the Auditor-General and the Parliamentary
Commissioner for the Environment, or work with research providers, such as local councils. The most
recent articulation of MSI’s purpose and goals refers to the science and innovation system as an ‘ecosystem’
(MSI, 2011b). This alludes to the wide and varied nature of players in the government-funded science system.
Reflecting the interdependent relationship between institutions, Figure 7 depicts the government-funded
science system as one large cell, of which the nucleus represents the public at the centre and the membrane
acts as a filter that allows information to be shared between institutions rather than creating definitive
boundaries. This diagram assumes that the primary function of the government-funded science system is to
increase the well-being of society.

Section 9 presents a number of outstanding policy and strategy questions that aim to either test the
assumptions underlying the current institutional framework or examine the system linkages that are
purported to deliver the desired outcomes.

Figure 7: The Government-funded Science Ecosystem

SOCIETY

LOCAL CONTEXT
PRIVATE SECTOR
QUASI-GOVERNMENT
CENTRAL GOVERNMENT

MINISTRY OF SCIENCE & INNOVATION

7.3.2 Enabler 2: Scientists

Science is about testing ideas. Those ideas are either supported or rejected based on evidence. The evidence
can be either experimental or observational, but both the idea and the evidence must be judged by a jury
of one’s scientific peers. It is through this peer review process that ideas are either generally accepted and
become knowledge or are rejected. Scientists therefore can have many roles in the government-funded
science system; they may be the person with the idea or the evidence, or they may be the peer.

The wide-ranging nature of the functions undertaken by scientists in the government-funded system can
present challenges. Scientists may be in a place to suggest investment priorities, make investment decisions
on specific proposals aimed to build new knowledge, and provide public policy advice to government.
This range of roles can result in a number of different conflicts of interest, in situations where personal
interests, business interests, political interests and public good interests converge. These situations require
careful management through well-governed and transparent processes, particularly as MSI brings on board
a number of private sector interests though board membership and Sector Advisory Groups.
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Figure 8: Graduation Rates at First-stage University Level as a Percentage of the Relevant Age Cohort, 2006
Source: Adapted from OECD, 2010a: 207
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. First-stage university graduation rate,
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Note: Figures are taken from varying years. For Australia (2008), Canada (2008), Chile (2008), France (2008), Greece

(2007), Iceland (2008), Korea (2008), Mexico (2007), New Zealand (2007), South Africa (2008), Switzerland (2008)
and the United States (2007).

Figure 9: Annual Labour Costs Employing a Recent Versus Experienced Male Tertiary Graduate
Source: Adapted from OECD, 2010b
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Note: Countries are ranked in descending order of annual labour costs of employing an experienced tertiary
graduate. Figures are taken from varying years: Australia refers to 2005; Austria, Belgium, Denmark, Greece, Iceland,

Italy, the Netherlands, Poland, Portugal and Sweden refer to 2006; Canada, Finland, Korea, and Spain refer to 2007.
All other countries refer to 2008.
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Figures 8 and 9 do not relate solely to science, but the statistics do provide a number of insights worthy of
further investigation. Figure 8 indicates that of the students who graduate in New Zealand, more tend to
be women than men. Figure 9 indicates that once students do graduate, significant disparity exists between
recent New Zealand graduates who stay in New Zealand versus their overseas peers. Not only does that
disparity begin immediately on graduation, but the gap widens considerably with experience. This suggests
that in order to retain talent in New Zealand it will be necessary to increase salaries, promote existing
benefits and/or provide further incentives. Further research in this area would be useful.

Figure 10: R&D In OECD and Non-OECD Countries, 2009
Source: OECD, 2011a
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Note: Figures are taken from varying years. For Australia (2008), Canada (2008), Chile (2008), France (2008), Greece
(2007), Iceland (2008), Korea (2008), Mexico (2007), New Zealand (2007), South Africa (2008), Switzerland (2008)
and the United States (2007).

Looking more closely at the global arena, New Zealand has a small research and development budget in
comparison with the number of scientists, which means that although we do not spend as much on research
and development as other leading countries, such as Japan, Korea and the USA, we have a similar number of
scientists per population (see Figure 10). This may mean we pay a lower rate on average per researcher and/
or we employ the researchers without the same level of infrastructural support. Further research is necessary
to understand the implications of this, and whether these statistics are positive or negative.

Recent research highlights a number of other issues relating to the science workforce: an ageing
workforce, a global shortfall of scientists, dissatisfaction within the profession, a lack of women in some
areas of science, and reluctance to produce commercial outcomes. Producing a strong science workforce
is a long-term investment, given the time it takes to train and educate scientists to perform at the highest
level. It is an investment that requires collaboration with universities and industry, as well as the scientific
community itself (see discussion in Section 9.5).
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Question 28 in Section 9 explores the make-up of the science profession and the expertise New Zealand

needs in order to become a smart nation in the future.

7.3.3 Enabler 3: Research Infrastructure

Research infrastructure provides a strong platform from which the science sector can deliver globally
competitive science, and is recognised as being a key enabler in many of the recent policy documents. The
58 ¢

rationale underpinning the Crown’s investment in ‘large scale research infrastructure™® is as follows:

o Optimal utilisation of assets by making sector collaboration a prerequisite for participation in
government-supported infrastructure;

o Increased productivity effectiveness and/or scale of activities;

e Assured access to international facilities through co-investment or agreements;

o Retention and attraction of top class researchers by creating an internationally connected and
competitive research environment;

. Certainty in relation to access to advanced research infrastructure;

o More coordination of buyer power to get better value procurement and maintenance arrangements.
(MoRST, 2010d: 17)

There is currently no central publicly available register of research infrastructure or resource assets for the
science industry, which means it is not possible to debate a strategy for this significant public investment
in science. One result of this is that scientists may not know what other assets exist in the public domain,
meaning assets are not necessarily well-utilised and maintained. The development of a central register
would encourage key players in the industry to work together to create a more valuable and utilised
resource base for the future.

This section explores the current situation regarding a strategy underpinning the government’s large-scale
infrastructure projects and recent infrastructure investments.

(i) Strategic planning

In 2004, a large scale infrastructure policy was developed in an attempt to ‘alleviate the market conditions
that inhibited investment in modern research infrastructure’ (MoRST, 2010d). This enabled the Crown to
co-invest in large-scale or complex facilities on a case-by-case basis. The Research Infrastructure Advisory
Group (RIAG) was established in 2005 to provide advice on each case put before the government under this model.

In August 2007, RIAG published its Scan of New Zealand’s Large Scale Research Infrastructure Needs 2007~
2012. The purpose of this report was to assess whether the current infrastructure enabled the science sector
to achieve the government’s goals. RIAG’s report contains a list of New Zealand’s research facilities and
identifies the needs of some of these as ‘urgent and key to a functioning and productive science sector,

able to fully contribute to the health, wealth and well-being of New Zealanders’ (RIAG, 2007:3). Further,
it stated that the existing case-by-case method of funding was not conducive to the development and
maintenance of large-scale infrastructure (ibid.:3). Existing facilities were assessed as not being effectively
utilised and maintained, indicating cause for concern around their sustainability and the capacity to manage

new infrastructur e investments.

In response to the report, the Minister of Research, Science and Technology asked for a more
comprehensive look at the large-scale research infrastructure required to enable the science sector to
achieve the government’s goals (MoRST, 2010e). In July 2010, MoRST developed the ‘Large Scale Research
Infrastructure Plan (2011-15 Investment Scenario)’, which explored the strategic rationale for investing

in large-scale research infrastructure, looked at the amount of investment required, and proposed policy
settings to support this (MoRST, 2010d). This policy was developed by RIAG, and it appears there was
limited consultation outside of this group with the wider research infrastructure community.

58  See glossary for a definition of ‘large scale research infrastructure’.
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Although MoRST’s report was submitted to the Minister of Research, Science and Technology, Wayne
Mapp, in July 2010, it was not endorsed and therefore did not become government policy. Instead, the
work programme for RIAG and the development of a strategic investment plan for research infrastructure
was effectively put on hold until the recent structural changes to the system had been completed.

In 2012, under MSI, a work stream has been created to develop a Large Scale Research, Infrastructure and
Investment Plan covering the area of research infrastructure (Murray Bain, personal communication, 24
January 2012). This plan will take a strategic view of the sector and take into account the earlier work
undertaken by RIAG and other work in this area under MoRST (Andrew Watson, personal communication,
26 January 2012). This process is likely to involve wider engagement with the sector. MSI will consider
the wider landscape of New Zealand’s national priorities in shaping research infrastructure priorities and
seeks to ensure the two are well integrated, with the latter supporting and underpinning the former. MSI is
hoping this new work stream will be completed during 2012 (ibid.). MSI also hopes to put in place a suitable
process for assessing investment proposals for large-scale infrastructure, one that will align with government
priorities so that there is a strong relationship between research infrastructure and research priorities.

Wide consultation will be essential if New Zealand’s research infrastructure is to underpin and support
science. There needs to be strong dialogue to ascertain research infrastructure needs. Ideally the strategy
can build on the work done by RIAG and MoRST, ensuring earlier lessons are not lost in the restructuring
process. Given the need for extensive stakeholder consultation, it may be that a phased investment plan is
more appropriate than releasing one final document. The strategy needs to identify how New Zealand can
best spend this limited pool of funds, and in particular, identify where public/private sector collaboration
or outsourcing research to other countries is a more prudent investment.

(ii) Recent infrastructure investments
New Zealand is a small nation with a limited pool of resources, therefore it is essential that it looks
to where it can most effectively develop large-scale infrastructure. The need for a centralised national
infrastructure programme is recognised within the industry. For example, in welcoming the newly
established New Zealand eScience Infrastructure (NeSI) project, Professor David Skegg, a former Vice-
Chancellor of the University of Otago, stated:

It is especially important this is a coordinated and consistent approach between Government and science

institutions, leading to greater cost efficiencies, less duplication and one entry point for computational-based
research which can be accessed from anywhere in the country. (NeSl, 2011)

Access to large-scale research infrastructure, such as high-performance computing and high-speed
broadband, is vital for data-driven science. The NeSI project aims to help scientists gain access to superior
computing power and coordinate research more efficiently across the sector. NeSI follows on from

the establishment in 2010 of New Zealand Genomics Ltd, which provided genomics technology and
bioinformatics to New Zealand scientists (NeS, n.d.). At the launch of NeSI, the Minister of Science and
Innovation, Wayne Mapp, stated:

This will enable more accurate and higher-quality research, leading to discoveries and insights that will
benefit our economy, environment and society. (Mapp, 2011a)

Two other significant projects initiated by MoRST in 2005/2006 and managed by the Crown-owned
company Research and Education Advanced Network (REANNZ) are KAREN® and the Australian
Synchrotron.® With the establishment of projects such as these, it is clear that coordination and support for
key science assets will increasingly be required as expensive science tools continue to develop rapidly.

59 The Kiwi Advanced Research and Education Network (KAREN) is an ultra-high speed optical fibre internet connecting New Zealand research
and education sectors. This project aims to link New Zealand researchers with collaborators both nationally and internationally (MoRST, 2010f).

60  The Australian Synchrotron produces high-energy electron beams to study the structures of materials.
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7.3.4 Enabler 4: Funding

Through its investment in science the government seeks to distribute a limited pool of taxpayer funds
among key players in the science community so that they can contribute to the greater public good.
Funding mechanisms need to ensure that scientists are working within optimal conditions, with the
support necessary to enable the best science, and also, where possible, that any benefits from the
investment are returned to the public. Ideally, funding decisions should be undertaken in the most cost-
effective, risk-managed, transparent and timely manner possible. This means the government, as the
administrator of funds, must make decisions about the research agenda (the right science), the inputs (the
right scientists and infrastructure), the process (the best funding mechanism), the desired outputs and
outcomes (whose well-being is improved, and how), and the level and quality of feedback (what lessons
can be learnt). Evaluating the funds over time is difficult due to the number of changes to the funding
allocation system.

The change in the size of the Vote Science and Innovation (budgeted) between 2010/2011 ($787.680 million)
and 2011/2012 ($773.7 million) appears insignificant when reviewing the total expenditure allocated for the
year (Treasury, 2011c: 273). However, recent changes to the way in which the Vote is allocated amount to

a significant alteration in how government-funded science operates. This subsection explores the size of the
funds (the inputs) and the way the funds are distributed within the science system (the process).

(i) The size of the funds

Under the 2011/2012 Budget (see Figure 11), 92% of the Vote is allocated to Non-Departmental Output
Expenses.®! Under this allocation, the main six science and innovation research priorities (numbered 1-6
in Figure 11) account for 53% of the overall Vote.

Treasury information on appropriations shows that of the remaining 8% of the overall Vote, 5% ($35.922
million) is allocated to Departmental Output Expenses,* and 3% ($28.171 million) is allocated to Non-
Departmental Other Expenses, or ‘priority investment that underpins a successful science system’ (ibid.:
270). This 3% includes providing access to modern national research facilities, international relationships,
the Vision Matauranga Capability Fund, the Marsden Fund and fellowships (ibid.).®

61 The Budgeted Non-Departmental Output Expenses, which accounts for $707.490 million of the overall Vote in 2011/2012, is comprised of
spending in the following areas: Biological Industries Research ($104.819 million); Crown Research Institute Core Funding ($215.145 million);
Energy and Minerals Research ($11.997 million); Engaging New Zealanders with Science and Technology ($9.189 million); Environmental
Research ($35.315 million); Fellowships for Excellence ($11.770 million); Hazards and Infrastructure Research ($13.459 million); Health and
Society Research ($83.694 million); High Value Manufacturing and Services Research ($157.204 million); Marsden Fund ($46.755 million);
National Measurement Standards ($5.764 million); Research Contract Management ($6.412 million); and Vision Matauranga Capability Fund
($5.967 million) (Treasury, 2011c: 271-272).

62 The Budgeted Departmental Output Expenses, which accounts for $22.418 million (3%) of the overall Vote in 2010/2011, is comprised of
spending in the following areas: Advice on Shaping the Science and Innovation System (Contract Management and Policy Advice) ($21.691
million) and Cross Agency Research ($727,000) (Treasury, 2010a: 279). In 2011/2012, the Departmental Output Expenses of Contract
Management and Policy Advice were replaced with two new output expenses: Strategic Leadership in the Science and Innovation Sector ($14.930
million) and Science and Innovation Contract Management ($20.092 million) (Treasury, 2011c: 271; 2011e: 111). These changes are designed to
reflect the new role and work of MSL

63 'Priority investment that underpins a successful science system’, which accounts for $28.171 million of the overall Vote in 2011/12, is comprised
of spending in the following areas: Advanced Network Capability Building; Payment for New Zealand’s annual subscription to Convention du
Metre; Genomics Research Infrastructure; Grants for International Relationships; National eScience Infrastructure; an annual grant to the Royal
Society of New Zealand; and Science Collections and Infrastructure (Treasury, 2011c: 272-273). It should be noted that under the allocation for
Non-Departmental Other Expenses, funding for the Australian Synchrotron and CRI Capability Fund both ceased to exist in the 2011/2012
Budget (ibid.: 273).
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Figure 11: Vote S&I — Total Appropriations, 2011/12 (Budget) (Smillion)
Source: Adapted from OAG, 2011: 7
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Note: This figure shows the distribution of Vote S&I appropriations over $10 million for 2011/12. In particular it
shows the size of the six priority investment areas in contrast to the significant investment in CRI Core Funding.
Unfortunately the CRI Core Funding is not further broken down into priority areas, which gives rise to some doubt
over the nature of CRI investment.

Under the 2010/2011 Budget, 74% (nearly $566 million) of what was then called Vote Research, Science and

Technology (Vote RS&T) was allocated to Non-Departmental Output expenses, or ‘priority investment

within science research outcomes’ (Treasury, 2010a: 278). This included funding for the same six research

priorities referred to above, although funding for these six areas accounted for 68% ($522.249 million) of

the overall Vote (ibid.: 279-282), compared with 53% in 2011/2012 (OAG, 2011: 7). Of the remaining

26% of the Vote, 3% was for Departmental Output Expenses,* 21% (nearly $164 million) was allocated to
265

Non-Departmental Other Expenses, or ‘priorities that underpin a successful science system’,* and 2% was
allocated to KAREN (Kiwi Advanced Research and Education Network)® (Treasury, 2010a: 278, 282).

Figure 12 looks more closely at the cost per capita of the investment which appears relatively consistent
through to 2014/15. However, capital expenditure in Figure 13 is estimated to decline, indicating there is
unlikely to be significant investment in funds in the short term. The challenge is therefore to live within

ones means.

64  The Budgeted Departmental Output Expenses, which account for $22.418 million (3%) of the overall Vote in 2010/2011, comprised spending
in the following areas: Advice on Shaping the Science and Innovation System (Contract Management and Policy Advice) ($21.691 million); and
Cross Agency Research ($727,000) (Treasury, 2010a: 279).

65  This included funding to provide access to modern national research facilities, international relationships, the Vision Matauranga Capability
Fund, the Marsden Fund and fellowships (Treasury, 2010a: 278).

66 A total of $16 million (2% of the Vote) was allocated for capital investment through a Budget 2009 decision. The investment was for the
continued operation of KAREN, which is managed by the Research Education Advanced Network New Zealand Limited (REANNZ)
(Treasury, 2010a: 278).
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Figure 12: Vote RS&T and Vote S&I — Total Appropriations Per Capita, 1999/00-2014/15
Source: Treasury, 2000: 328; 2001: 15; 2002: 16; 2003: 1081; 2004: 1109; 2005: 1126; 2006: 1008; 2007: 1014; 2008:
262; 2009b: 285; 2010a: 282; 2011c: 273; 2011e: 105; Statistics New Zealand, 2011a; n.d.
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Note: Per capita investment was calculated using actual estimated total appropriation figures for Vote Science

and Innovation (named Vote Research, Science and Technology until 2011/12) and national population estimates
provided by Statistics New Zealand. Projected per capita investment (2012/13 — 2014/15) is based on estimated
total appropriations in Vote Science and Innovation and national population projections provided by Statistics New
Zealand, as per series 5.

Figure 13: Vote RS&T and Vote S&I — Total Appropriations, 2006/07-2014/15

Source: Treasury, 2011e: 105
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(ii) The funding process

A stable funding environment enables the science community to build on past knowledge, maintain
infrastructure capacity, and provide long-term career paths for scientists. Strong governance and
monitoring will help maximise the benefit derived from the public’s investment in science, and secure a
continued level of investment. To enable the system to achieve its strategic goals, it is necessary to have
both an adequate level of investment, and effective and efficient mechanisms for distributing funding.

Notable differences to the way in which funding was allocated in the 2011/12 Budget (compared to
2010/11 Estimated Actual figures) include:

e An increase in departmental output expenses, up 27.7% from $28.123 million to $35.922 million.

e A decrease in contestable funding for Biological Industries Research, down 37.6% from $167.962 million to
$104.819 million.

e A decrease in contestable funding for Energy and Minerals Research, down 54.5% from $26.351 million to
$11.997 million.

e A decrease in contestable funding for Environmental Research, down 52.3 % from $73.967 million to
$35.315 million.

e A decrease in contestable funding for Hazards and Infrastructure Research, down 48.8% from $26.307
million to $13.459 million.

e The creation of Crown Research Institute Core Funding, for which a total of $215.145 million has been
allocated (Treasury 2011c: 271-272).

In 2010/11 Vote S&I was restructured to provide simplicity and transparency with a focus on economic
drivers and research investment to achieve science priorities (Treasury, 2011e: 125). Below we discuss three
of the more significant changes. These differences do not reflect a significant change in the amount of
funding, but instead a major shift in the way in which funding is allocated.”” The implications of these are
discussed below.

(a) Changes to the size of Departmental Output Expenses

An increase in Vote S&I budgeted departmental output expenses, up 27.7% from $28.123 million in
2010/2011 to $35.922 million in 2011/2012 (Treasury 2011c: 271), is significant. These expenses fall under
three output classes: Strategic Leadership in the Science and Innovation Sector ($14.930 million), Science
and Innovation Contract Management ($20.092 million) and Cross Agency Research ($900 thousand).
These have been created to reflect the new role and scope of the work that MSI will complete (Treasury,
2011e: 111). Of particular interest is the Strategic Leadership in the Science and Innovation Sector

output expense, which is limited to policy advice, ministerial services and leadership of the science and
innovation sector (Treasury, 2011c: 271). This investment in the future of science is important for all key
stakeholders, and therefore demands the highest-level of transparency across the whole science system.
For example, in terms of process (i.e. how strategic leadership and policy is developed and ministerial
services are provided), outputs (i.e. what policy advice is delivered, to whom it is delivered and what level
of assurance is provided) and outcomes (i.e. how this investment has led to improvements in well-being).

67 Asan example, while the funding for Environmental Research appears to have decreased by 52.3% between 2010/2011 and 2011/2012, it has
instead largely been recategorised and remained the same overall. From 2009/2010, the Vote was restructured and some Environmental Research
funds were recategorised into Science Collections and Infrastructure (databases and collections) and Hazards and Infrastructure Research. From
20010/11, some Environmental Research funds were moved into CRI core funding, primarily for Landcare Research and NIWA. This was
limited to existing research contracts held at the time by those organisations (Liz Prendergast, MSI, personal correspondence, 16 January 2012).
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(b) Changes to the Crown Research Institutes funding process

A significant change to the model of allocating funding has been the move from funding specific research
areas to the creation of Crown Research Institute Core Funding. Greater stability of funding through core
purpose funding was a key recommendation of the 2010 CRI Taskforce. In making this recommendation, the
Taskforce aimed to lower the level of contestable and ‘at risk’ funding, which it felt rendered CRIs vulnerable
as businesses, created uncertainty and undermined their ability to act strategically (CRIT, 2010: 8).%

FRST led the process whereby contestable funds were moved into core funding, and CRIs were allocated
differing levels of funding. The allocations were decided after mapping existing long-term committed
funds allocated to CRIs to support or develop critical national research capabilities (CEGIC, 2010).
Further, there was a reallocation of a proportion of contestable contracts in Vote RS&T that were
awarded to CRIs on an ongoing basis (ibid.). It was recommended to Cabinet that $215 million of the
existing Vote RS&T be reallocated to CRI core funding (ibid.), and this was adopted in the 2011/2012
Budget (Treasury, 2011c: 271). This figure equates to 27.8% of the overall Vote, and it was proposed

that around 60% ($447 million) of the Vote remain invested through open contest (CEGIC, 2010). The
reallocation necessary to create core funding saw $164 million moved from committed long-term contracts
already awarded to CRIs and an additional $51 million from the contestable, open-access funding pool
from contracts awarded to CRIs on an ongoing basis (ibid.).

In reallocating funds, Cabinet was to consider research programmes that were: (i) aligned with areas of
significant national importance; (ii) creating and maintaining capability that was critical to a CRI’s core
purpose and strategy; (iii) enduring (i.e. not with a short-term focus) (ibid.). The mapping process was

also to take into consideration the nature of the research required by particular sectors and the CRIs’ part
in providing this research. As a result, CRIs primarily concerned with environmental research (namely
Landcare Research, NIWA and GNS Science) were allocated a higher proportion of their funding in

the form of core funding. The logic underpinning this was that the outcomes of environmental research
are often long-term in nature and for the public good, with little or no commercial imperative (Liz
Prendergast, MSI, personal correspondence, 17 January 2012). Consistent government support was seen as
necessary to achieve outcomes and maintain research capability. Conversely, sectors that required shorter-
term solutions (for example, high-value manufacturing) were allocated less CRI core funding (CEGIC, 2010).

Consideration was also given to the diversity of research organisations serving different sectors. More core
funding was allocated to CRIs where the critical mass of capability resides primarily in one CRI, and less
core funding was allocated where that capability is spread across several organisations and other research
providers. For example, ESR and IRL received the least core funding proportionate to their overall
funding due to the fact that they are not the dominant research providers in their fields; instead, there are
many other research organisations and universities that contest contracts in these fields (Liz Prendergast,
MSI, personal correspondence, 17 January 2012).

Figure 14 shows the overall amount of Vote RS&T funding allocated to each CRI in 2010/2011. Figure
15 shows the proposed amount of Vote RS&T CRI core funding to be allocated to each CRL® Figure 16
shows the percentage of CRI core funding to CRI total funding for each CRI (2010-2011).

68  Recommendation 5 of the CRI Taskforce was that: “The Government directly fund CRIs to deliver their core purpose in accordance with their
strategy, as outlined in a Statement of Corporate Intent. The direct funding for delivering the core purpose should form a significant proportion
of the CRIs’ total Vote RS&T funding’ (CRIT, 2010: 11).

69  The final totals for CRI core funding were to be confirmed in the 2011/2012 Budget process.
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Figure 14: Vote RS&T — CRI Total Funding: Percentage of allocation to each CRI, 2010/11 (Indicative)
Source: Adapted from CEGIC, 2010
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Figure 15: Vote RS&T — CRI Core Funding: Percentage of allocation to each CRI, 2010/11 (Indicative Proposed)
Source: Adapted from CEGIC, 2010
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Figure 16: Vote RS&T — CRI Total Funding: Percentage of CRI Core Funding to CRI Total Funding for each CRI,
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Figure 14 shows the relatively high level of core funding for CRIs, with the exception of Industrial
Research Limited (38%). Given the commercial nature of four of the CRIs: AgResearch, Industrial
Research Ltd, Plant and Food Research and Scion, we would expect the percentage of core to total
funding to reflect a desire to create a commercial market for research; one that would invite business to
move into the research area to solve specific commercial problems. For this reason a target percentage

of below 45% seems more useful for commercially orientated CRIs in the short term. The current high
percentages in effect create a monopoly of research for commercial purposes, preventing other research
entries or public/private partnerships forming, other than through these four CRIs. This cannot be good
for our agricultural based economy.

In contrast, the four CRIs that provide core capability for New Zealand to inform public policy;
Environmental Science and Research, GNS Science, Landcare Research and NIWA, could reasonably
be expected to receive about 75% of their funding from core funding. Because less of their research will
lead to commercial outcomes they are not as well placed to attract parties incentivised by potential
profits should research prove lucrative. Given this background, and the fact New Zealand needs this in-
house capability, these non-commercial CRIs need more stability to build the capacity in terms of data,

infrastructure and experience.

Given the different nature of the CRIs mentioned above, it seems likely that these will increasingly be
seen as two separate types of CRIs. Further, over time we may see this evolve to two commercial CRIs (one
being a biological industry CRI - a combination of AgResearch, Plant and Food Research and Scion, and
another being a HVMSS CRI - Industrial Research Ltd) and one non-commercial CRI (that deals with
New Zealand's unique oceans, air, water, soil and geology - as these capabilities are likely to become more
integrated overtime). There clearly exists real opportunities to work with the emerging model, but also to take
it further so that funds are allocated to suit the goals and the characteristics underlying those goals, so that

New Zealand has a dynamic and productive research environment. See further discussion in Section 10.2.
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These percentages are only intended as examples, and determining the appropriate level of non-contestable
funding may benefit from a deeper understanding of successful overseas models. In our research we were
interested to find that Singapore’s A*Star Biomedical Research Council (BMRC) has recently established

a contestable Industry Alignment Fund (IAF) of S$600 million, resulting in 30% of the Council’s funds
now being contestable. Prior to this, all funding went directly to individual institutes as non-contestable
funding (see Appendix 4). An understanding of what drove the changes towards contestable funding in
the context of Singapore, a country that has many parallels with New Zealand, is an area that could be
explored in determining the appropriate level of contestable to non-contestable funding. However, the
final percentage should be determined by a set of agreed upon criteria with primary consideration given to
the purpose of the investment and what form of funding is most conducive to achieving that purpose.

If the investment seeks to generate commercial benefits, there may be advantages in opening up this
research to other research providers and lowering the level of core funding for CRIs. Other obstacles may
also need to be addressed if new players are unable or unwilling to enter the market, and other initiatives
such as R&D tax incentives or grants may need to sit alongside changes to the level of non-contestable
funding. It is necessary to foster an environment conducive to commercial development to ensure wider
buy-in, ensuring clear linkages between investment and long-term profitability are highlighted to ensure
a range of players are active in the system and working towards optimal outcomes. Conversely, if the
investment is to encourage ‘public good science’, there may not be sufficient incentives for organisations
outside the government-funded system to invest given the lack of commercial opportunities, and the
nature of this research may mean it is best conducted within a government-funded environment such

as a CRI. The need for stability of funding so to ensure the research is undertaken is likely to be more
important than attempts to drive competition, and indeed contestability may not be desirable. In these
situations, a higher level of non-contestable funding is desirable.

The move away from contestable funding towards core funding, announced in 2010, will make it
increasingly difficult to gain a high-level view of how the government investment in science is spent.
Further, reporting on each of the six priority areas is a useful metric for benchmarking the level of funding
and the process by which contracts are allocated over time, and for measuring outcomes. Given that CRI
core funding is not divided into the six priority investment areas, this important metric has been lost.”® The
difficulties of benchmarking output expenses over time is apparent in Figures 17 to 20, see pages 65-69.

Currently CRIs are not under any obligation to disclose the amount of funding they receive from private
contracts; which includes contracts with individual government agencies and departments. Reporting and
accountability for these other government agencies is a matter of contractual agreement under the CRIs’
agreement with the department/agency (Peter Scott, personal communication, 25 January 2012). The main
line of accountability and reporting is to the Minister of S&I and Minister of Finance. With less clarity over
how funds are spent, tracking progress and outcomes over time has the potential to become increasingly
difficult. MSI will need to work hard to provide quality reporting on changes to the level of funding and
the funding process to ensure any changes are transparent and easily accessible to interested stakeholders.

While the amount of funding is subject to change each year, and indeed is likely to change, it is critical
that the mechanism by which funding is allocated remains stable. The method for allocating funding
has changed numerous times in New Zealand, with shifts between highly contestable funding models
and stable core funding. It would seem that the recent change to how funding is allocated, and the move
away from funding specific areas in favour of the creation of the CRI Core Capability Fund” is a move
back towards the ‘black bucket” model of funding, in which large amounts of funding are allocated with

70 While the areas in which some CRIs will use their core funding are clear, there is a crossover for some of the Institutes. For example, research
conducted by GNS Science may fall under the Environment, Hazards and Infrastructure, or Energy research areas.

71 “The Crown Research Institute Core Funding output expense was created as a result of transfers from Biological Industries Research, Energy and
Minerals Research, Environmental Research, Hazards and Infrastructure Research, Health and Society Research, High Value Manufacturing and
Service Research, CRI Capability Fund, and Science Collections and Infrastructure. This new output ensures there are critical national research
capabilities within CRIs to provide benefit to New Zealand in line with Government priorities’ (Treasury, 2011e: 118).
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limited direction. However, with the CRI Taskforce strongly recommending this move and the fact that
it has been largely welcomed by the science community, it is hoped that this model of funding will prove
successful and will be implemented as a long-term funding mechanism.

With CRIs returning back to core funding, and boards being required to improve reporting to the
Minister of Science and Innovation,’ there needs to be a new reporting framework to manage the risks
and opportunities created from recent changes. The reporting framework must be comprehensive, timely,
relevant and transparent so that the linkages between (1) MSI’s core purpose, (i1) the CRI’s core purposes,
(i11) the CRI’s Research Agenda, and (iv) the funding sources show clear cause and effect. Appendix 8
outlines the interlinking relationship between these four, as it is these key relationships that should

drive reporting. Transparency is vital to developing public trust in science, hence it is critical that New
Zealanders know what government-funded science funds are being allocated and how those funds are
being spent. A reporting framework must therefore enable MSI to report on these linkages and make
them apparent to ministers, managers, policy analysts and the general public.

Critical success factors for an optimal model to allocate government investment in science should include
the following:

e The funding process is transparent;

e The application process is constant;

e The research agenda is clear and concise;

e The reporting framework is comprehensive, timely, relevant and transparent;
e A register of funds is easily discoverable;

e Funding applications are straightforward and not overly onerous or complex;

e Allocation decisions are transparent, non-partisan, and complaint mechanisms are in place; While the
areas in which some CRIs will use their core funding are clear, there is a crossover for some of the
Institutes. For example, research conducted by GNS Science may fall under the Environment, Hazards and
Infrastructure, or Energy research areas.

e Members of the science community understand the application process

e Members of the science community recognise the constrained and limited nature of funding and readily
invest in ‘frugal science’.”?

Ensuring the science system is based on a clear vision of what a successful mechanism for allocating
funding looks like, and that there are critical success factors and performance indicators against which the
model can be measured, will be essential if New Zealand is to maximise its investment in science.

(c) 2010/11 Changes to the Appropriation Structure

In the attempt to provide more simplicity and transparency within the system a number of new appropriations
were created in 2010/11. Table 5 overleaf builds on Figure 11, which shows the total breakdown of
funding within the Vote in 2011/12. The following table shows the new appropriations created within
Vote RS&T in 2010/11 and highlights where funds were moved between 2009/10 and 2010/11. In

cases where the name of an appropriation did not change it is not listed in the table. For example, the
Environmental Research appropriation is not included in the table as it continues under the same name,
even though it experienced significant changes as a result of the establishment of the new appropriations
(see Column 2 in Table 5, and Figure 19). Please note that new appropriations created in 2011/12, such as
CRI Core Funding, are not listed in the table.

72 1In 2010, the CRI Taskforce noted that multiple lines of accountability ‘dilute the CRIs’ sense of purpose and direction. ‘Each CRI is accountable
to the shareholding Ministers, directly and through the Foundation for Research, Science and Technology (the Foundation), the Crown
Ownership Monitoring Unit in Treasury (COMU), and the Ministry of Research, Science and Technology (MoRST). Each agency has its own
perspective and requirements’. Furthermore, ‘[r]elevant legislation and documents such as the Owner’s Expectation Manual for CRIs (CCMAU)
define the board’s roles and responsibilities. The Treasury’s Crown Ownership Monitoring Unit (COMU), formerly CCMAU, assesses board
performance on behalf of the shareholding Ministers. We believe that these arrangements should be changed to strengthen the link between the
board of a CRI and overall CRI performance.” (CRIT, 2010: 7, 38).

73 Professor George Whitesides of Harvard University writes of the emergence of cost-conscious science - ‘frugal science, designed to generate
knowledge (and technology based on knowledge) with cost as an integral part of the subject’ (Whitesides, 2011; see also Section 9.3, Question 18).
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Table 5: Vote S&I: Changes to the Appropriation Structure, 2010/11
Source: Treasury, 2010b: 152-184, 2011c: 271-273

New: Previous: Purpose: 2009/10 | 2010/11 | 2011/12
Appropriations Appropriations from The new appropriation will focus (Restated) [ (Estimated | (Budgeted)
Established in which expenses were on the following activities: Actual)
2010/11 transferred $000 $000 $000
High Value e New Economy Research e Develop new technologies, novel 111,857 141,011 157,204
Manufacturing Fund materials, and new products,
and Services o Research for Industry processes and services for the
Research « PreSeed Accelerator manufacturing and technology
(Priority Investment Fund sectors
Areal)
e Technology New
Zealand
Biological e Environmental e Improve productivity, 178,212 167,962 104,819
Industries Research sustainability and
Research o Pre-Seed Accelerator competitiveness of New
(Priority Investment Fund Zealand’s agriculture,
Area 2) horticulture, forestry and
o Iedinclozg o fisheries industries
Zealand >
. e Develop new technologies
e Research for industry f ic di ificati
or economic diversification
* New economy research based on the strengths of New
fund Zealand’s primary industries
and increased export revenue
from food and biological based
products
Energy and e Research for Industry e Develop potential new 25,202 26,351 11,997
Minerals o Sustainable Energy sustainable low carbon
Research Research development energy technologies
(Priority Investment * Improve energy management
gicab) and the understanding of current
energy resources, and future
energy needs
e Increase wealth from mineral
resources
e Improve the identification and
extraction of mineral resources
Hazards and e Environmental e Get an effective understanding 23,709 26,307 13,459
Infrastructure Research and management of risks and
Research o Research for Industry hazards with the potential to
(Priority Investment have a significant economic,
Area 4) social and environmental impacts
to New Zealand
e Improve the quality of New
Zealand’s urban, peri-urban and
rural settlements
Health and e Environmental e Improve the health status of New 90,535 86,948 83,694

Society Research

(Priority Investment
Area 6)

Research

e Health Research

e Research for Industry

e Social Research

e Support for Primary
Health Research

e Supporting promising

individuals
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Zealanders

Target health research and the
Partnership Programme response
to specific health sector issues

Improve health services

e Support research in social,
economic, and primary health
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New:
Appropriations

Established in
2010/11

International
Relationships
Fund

Fellowship for
Excellence

The Science
Collections and
Infrastructure

Vision
Matauranga
Capability Fund
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Previous:
Appropriations from
which expenses were
transferred

International Science
and Technology
linkages

New Economy Research
Fund

International
Investment
Opportunities Fund

Rutherford Foundation

Supporting Promising
Individuals

Environmental
Research

Research for Industries

Maori Knowledge and
Development Fund
Supporting Promising
Individuals
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Purpose: 2009/10 | 2010/11
The new appropriation will focus (Restated) [ (Estimated
on the following activities: Actual)

$000 $000

Influencing regional or 13,764 13,978
international research

Science and technology-linked
activities that advance New
Zealand’s national interests

e Promoting international
recognition for New Zealand as a
centre for innovation

Co-invest with international
partners in research programmes
of joint interest that will involve
researchers based in New Zealand

Increase the level of funding/
scientific skills/ and technological
capabilities that New Zealand

is able to source from other
countries

e Enable New Zealand researchers
to respond to opportunities for
international collaboration that
arise out-of-cycle

Assist world-leading researchers
to establish research
programmes in New Zealand

in key areas of strategic interest
to New Zealand

Early-career researcher grants to 7,454 9,147
support post graduate research

Fellowship and scholarships are
awarded to top talent and to build
capability in the research, science
and technology workforce

Scholarships are awarded for
United States of America based
post graduate research

Supporting the development of
human resources in research,
science and technology

e The national seed, plant, and 22,379 22,426
other science collections research
databases

Significant infrastructure being
held in stasis that is to be
retained and maintained

¢ Management of the availability

and suitability for access and use
when required

Supporting development of 5,967 5,555
researchers to undertake work

that relates to the four themes of

Vision Matauranga; indigenous

innovation, environmental

sustainability, health and social

well being, and exploring

indigenous knowledge

2011/12
(Budgeted)

$000

9,821

11,770

4,760

5,967
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This restructure has led to a number of large funding buckets, such of the Health and Society Research
Fund (Priority Investment Area 6), which covers a wide range of areas and initiatives. Therefore, a tight
reporting framework is necessary to ensures the right science (research agenda) — and the right scientists
and infrastructure (inputs) - are funded through the most effective mechanisms (processes), benefiting and
improving the well-being of the right people (desired outputs and outcomes) and resulting in lessons being
learnt and improvements made where necessary.

(iii) Four research areas related to sustainable development

The following sections consider four research areas that are likely to be critically important in terms
of informing public policy on sustainable development in the medium-to-long-term: (i) Social research;
(i) Maori knowledge and development research; (iii) Environmental research, and (iv) Health research.
Failure to invest sufficient resources in these areas may restrict our science system from solving long-
term issues. Therefore, benchmarking within these areas is critical to ensuring funding is sufficient and
accurately depicted; constant reshuffles should not obscure the real level of funding in these core areas.

(a) Social research

Social research is a large and complex area, but one that is critically important and an area in which New
Zealand has great strength. For example, New Zealand is well-known internationally for its expertise in
longitudinal studies (see Question 7, Section 9). Universities undertake the majority of social research

in New Zealand,” using funding from the Performance Based Research Fund. Social research funding is
also available through the Health and Society Research Fund. Figure 17 outlines the level of government
investment since 2000/01.7>

Much of the social research that is carried out under contract is purchased by the government, and this
compounds the issues regarding social science capability. In these instances, social research is often funded
on a marginal cost basis (SSRG, 2005: 31), i.e. only covering the cost of producing the research in question.
This produces a faulty market signal and provides little incentive for institutions to invest in increasing
their capability for social research by means such as strengthened career opportunities (ibid.). Within the
last five years, two reviews of the sector have recommended that such marginal funding be increased to
full-cost funding when government ministries and agencies are contracting social research (ibid.).

74 To learn more see Working Paper 2011/17: New Zealand Universities: Research activities, commercialisation and international benchmarking (SF1, 2011d).

75  The Health and Society Research Fund amounted to $86.948 million in 2010/11 (see Section 7.3.4: iv) and included monies for ‘research and
research applications to improve the health and social well-being of New Zealanders’ (Treasury, 2011c: 272). Prior to 2010/11 appropriations for
social research were made through the Vote RS&T Social Research Fund ($5.860 million in 2009/10) (Treasury, 2010a: 280).
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Figure 17: Vote RS&T and Vote S&I — Social Research Output Class: Total Appropriations, 2000/01-2009/10
Source: Reserve Bank of New Zealand, n.d.;”® Treasury, 2000: 327; 2001: 15; 2002: 16; 2003: 1079; 2004: 1107;
2005: 1125; 2006: 1007; 2007: 1033-34; 2008: 260; 2009b: 284
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Note: In 2010/11 the Social Research Fund was transferred into the newly created Health and Society Research
Fund. The change to the fund resulted in an expansion of investment in health research to include monies for the
‘social well-being of New Zealanders’. Therefore, data for 2010/11 is not directly comparable with that of previous
years (Treasury, 2010a: 280; 2011a: 272).

(b) Maiori research
The Maori concept of research, science and technology, or Matauranga Maori, represents an alternative
paradigm to the Western model. Matauranga Maori can be defined as follows:

In a traditional context [it] means the knowledge, comprehension or understanding of everything visible or

invisible that exists across the universe (ie: Aorangi, sometimes referred to as Rangi and Papa). This meaning is
related to the modern context as Maori research, science and technology. (Mohi, 1993 in Williams, 1997: 15)

The Kaumatua Committee, charged with advising the Minister for Crown Research Institutes in 1991,
defined three core principles underpinning the concept of Matauranga Maori: (i) Maori research, science
and technology exists and is a national treasure; (if) Matauranga Maori contributes in a vital way to the
status of Maori as a culture; and (i11) Matauranga Maori should be organised so that Maori, as tribally
based social, economic and scientific entities, can participate as partners in the science system. In addition,
the Institute has identified several guiding principles underpinning the three broad areas of Maori research:
decolonising research, cross-cultural research and kaupapa Maori research.” These principles are linked

to the principles of the Treaty of Waitangi and it can be argued that Matauranga Maori has taonga status,
imparting an obligation on both Maori and the Crown to protect, develop and capitalise Matauranga
Maori (Williams, 1997: 15).

76 Inflation-adjusted values calculated using the Reserve Bank of New Zealand formula (see Reserve Bank of New Zealand, n.d.). Comparison dates
are second-quarter 2000 with the second quarter of each relevant budget year.

77 The Institute identified a number of guiding principles for Maori-focused research, which are grouped under the following headings below:

a. Decolonising research that 1) redistributes power to those who are marginalised; 2) privileges Maori knowledge; 3) is varied in its
approach; and 4) is performative;

b. Cross-cultural research that 5) serves the communities in which the research is conducted; 6) respects the struggles of the past, the tensions
in the present and the potential challenges of the future; 7) involves learning about difference; and 8) redistributes power to make space for
those who are marginalised; and

c. Kaupapa Maori research reflecting: 9) rangatiratanga (deeply respects the knowledge and authority of Maori scholars); 10) whakapapa
(utilises Maori epistemology); 11) pukengatanga (contributes to the revitalisation of Maori scholarship); and 12) kotahitanga (creates a safe
space).

For more information, see the Institute’s Report 7: Exploring the Shared Goals of Méori: Working towards a National Sustainable Development

Strategy (SFI, 2010b: 61).
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Maori research funding’® is available through the Vision Matauranga Capability Fund, which totalled
$5.555 million, or 0.71% of Vote S&I, in 2010/11 (Treasury, 2011c: 272).”” The Vision Matauranga
Capability Fund includes monies for ‘the development of skilled people and organisations undertaking
research that supports the four themes of Vision Matauranga, indigenous innovation, environmental
sustainability, health and social well being, and exploring indigenous knowledge’ (ibid.: 272). Prior to
2010/11, appropriations for Maori research were made through the Vote RS& T Maori Knowledge and
Development Output Class. In 2009/10 these totalled $4.867 million, or 0.65% of Vote RS&T*® (Treasury,
2009a: 145, 168). Figure 18 outlines the level of investment since 2000/01.

Figure 18: Vote RS&T and Vote S&I — Maori Knowledge and Development Research Output Class: Total
Appropriations, 2000/01-2009/10

Source: Reserve Bank of New Zealand, n.d.; Treasury, 2000: 327; 2001: 14; 2002: 15; 2003: 1079; 2004: 1107;
2005: 1125; 2006: 1006; 2007: 1026-27; 2008: 259; 2009b: 283
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Note: In 2010/11 the Maori Knowledge and Development Research Fund was renamed Vision Matauranga Capability
Fund. This resulted in a change in funding aimed at ‘obtaining public good science and technology that unlocks the
innovation potential of Maori knowledge’ to include monies for the ‘development of skilled people and organisations
undertaking research that supports the four themes of Vision Matauranga; indigenous innovation, environmental
sustainability, health and social well being, and exploring indigenous knowledge’. Therefore, data for 2010/11 is not
directly comparable with that of previous years (Treasury, 2010a: 280; 2011c: 272).

Maori research has the ability to facilitate self-determination for its participants by drawing its epistemological
framework from the cultural aspirations, understandings and practices of Maori people (Bishop, 1998: 199).
This provides the potential to create very different outcomes for New Zealand’s science system, which in recent
times has been heavily weighted toward a utilitarian point of view (Cartner & Bollinger, 1997: 787). Te Puni
Kokiri published The Maori Economy, Science and Innovation in May 2011, highlighting where benefits might

lie if better engagement and alignment between Maori and the nation’s science and innovation sector was to be
achieved. It provides evidence that ‘growth opportunities’ for both the Maori and New Zealand economies are
available through ‘investment and effort in science and innovation’ (TPK, 2011: 4). Then Minister of Research,
Science, and Technology, Wayne Mapp, welcomed the publication, stating:

[T]his report is a timely economic forecast of New Zealand’s future over the next 50 years if investment in
science and innovation is better aligned to the needs of the Maori economy ...

... work under way across the Ministry of Science and Innovation (MSI) and the Ministry’s predecessor
agencies over the past three years has started to unlock the innovation potential of Maori knowledge,
resources and people. (Mapp, 2011b)

78  For the purposes of this report, Maori research focuses on issues, questions and challenges determined by Maori to be important (MoRST,
2006b).

79 Vote S&I2010/11 was $787,680,000 (budgeted); Vision Matauranga Capability Fund was $5,555,000 (budgeted) (Treasury 2011c: 272-273).
Vision Matauranga Capability Fund comprised 0.71% of Vote S&I 2011.

80  Vote RS&T 2009/10 was $745,063,000 (budgeted) (Treasury 2009a: 145); Maori Knowledge and Development Output Class was $4,867,000
(budgeted) (Treasury 2009a: 168).
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Mapp also stated that the reform of the science and innovation system has resulted in increased
responsiveness from CRIs to the needs of Maori, and that MSI has worked with iwi to deliver ‘robust
iwi-led R&D strategies’ (MSI, 2011f). While Te Puni Kokiri’s report quantifies the value of the Maori
economy at $36 billion, Federation of Maori Authorities chair Traci Houpapa has commented that the
research highlights issues of greater significance such as the role of science and innovation in allowing the
Maori economy to capitalise on the ‘gigantic strides it is making’ (FoMA, 2011). It seems an opportunity
exists here for the Maori economy to help set the research agenda, given its large size and significant
growth rate.

() Environmental research

Broadly, environmental research studies should provide new knowledge needed to understand
environmental problems and to solve them (Sandhu, 1997). Environmental research involving robust
data collection and processing, alongside expertise and infrastructure capacity, is critical to ensuring
national resources are managed in the long-term for New Zealand. Impact assessments, using this data,
are becoming an increasingly important instrument within environmental legislation, as evidenced in
the recent Exclusive Economic Zone and Continental Shelf (Environmental Effects) Bill and the existing
Resource Management Act 1991.

Two important emerging areas of significant importance to New Zealand that demonstrate the
importance of maintaining strong environmental research capacity, concern Antarctica and New
Zealand’s Continental Shelf (including the Exclusive Economic Zone®! (EEZ) and Antarctica Treaty
1959.82 A combination of globalization, climate change and geopolitics will significantly impact the nature
of governance concerning these resources. In 2007, with piecemeal legislation in place and no overarching
environmental management regime for New Zealand's Exclusive Economic Zone and continental shelf, the
Organisation for Economic Cooperation and Development (OECD) recommended New Zealand ‘finalise
and implement ocean policy and pursue the further expansion of marine reserves’ (OECD, 2007b: 10).

The growing importance of this issue was further highlighted by the visit of Lawson W. Brigham,
professor of Geography and Arctic Policy at the University of Alaska, to Australia to share his
expertise on the changing Maritime environment in the Arctic (Brigham, University of Alaska, personal
communication, 9 July 2010). This suggests the seabed and subsoil in the Continental Shelf and the
Antarctica Treaty demands far more attention than it has in the past in order to shape New Zealand
public policy. Furthermore, as outlined in our submission® to the Local Government and Environment
Comimittee, it is critical that high-level principles are embedded in legislation, such as a sustainable
development approach, precautionary approach, risk management and strategic policy development.

The amount of money allocated to the Environment Fund dropped by over $27.3 million between Vote
RS&T 2009/10 and Vote S&I 2010/11 (Treasury, 2010a: 279; 2011c: 271). The Budget appropriation for
2011/12 shows a further decrease of over $38.6 million in money allocated to the Environment Fund
(Treasury, 2011c: 271). Figure 19 outlines the level of investment from 2000/01 to 2010/11.

81  In 2011, the Exclusive Economic Zone and Continental Shelf (Environmental Effects) Bill proposed an environmental management regime for
New Zealand's EEZ and continental shelf. Activities covered by the Bill include seabed mining, some aspects of petroleum activities, energy
generation, carbon capture and storage, and marine farming. The purpose of the Bill as stated in clause 10 is ‘to achieve a balance between the
protection of the environment and economic development in relation to activities in the exclusive economic zone and on the continental shelf.”

82  The Antarctic Treaty came into existence in 1959. The Protocol on Environmental Protection to the Antarctic Treaty (Environmental Protocol
or Madrid Protocol) was agreed in 1991 and came into force in 1998, once it had been ratified by all 26 (now 28) Antarctic Treaty Consultative
Parties (ATCPs). The Environmental Protocol: (i) commits the Parties to the "comprehensive protection of the Antarctic environment"; (ii)
designates Antarctica as a "natural reserve, devoted to peace and science"; (iii) sets out principles for environmental protection; (iv) bans all
commercial mineral resource activity; and (v) requires the Environmental Impact Assessment (EIA) of all activities before they are allowed to
go ahead. Further, A strategy for New Zealand Science in Antarctica and the Southern Ocean was published in 2004 (Antarctica New Zealand,
n.d.).

83 More information on this Bill and issues regarding New Zealand’s EEZ can be found in the Institute’s written submission (SFI, 2012b)
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Figure 19: Vote RS&T and Vote S&I — Environmental Research Output Class: Total Appropriations,
2000/01-2010/11

Source: Reserve Bank of New Zealand, n.d.; Treasury, 2000: 327; 2001: 15; 2002: 16; 2003: 1079; 2004: 1107;
2005: 1125; 2006: 1006; 2007: 1013; 2008: 259; 2009b: 283; 2010a: 279; 2011c: 271
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Note: The major drop in funding to the Environment Fund from 2010/2011 is a result of transfers out to the newly
established CRI Core Funding pool, to which funds from Biological Industries Research, Hazards and Infrastructure
Research, Hazards and Society Research, and Science Collections and Infrastructure were also transferred (Treasury,
2011e: 118). Further explanation for the drop can be found in Section 7.3.4 where the introduction of core funding
for CRIs is discussed. CRIs receiving funding from the Environment Fund were identified as those requiring the highest
level of core funding, hence the large change.

MoRST’s 2010 report, Igniting Potential, highlights the environment as a priority for science and
innovation investment. It states:
... the Government recognises that funding is necessary to support other areas and that improvement in
areas such as environmental management can provide significant economic benefit, even if they do not
always produce direct commercial returns. Firms can be affected by problems relating to health, social

services, environmental degradation and hazards management. Much of New Zealand’s wealth is built on
natural resources and it is important to perform the research needed to maintain them. (MoRST, 2010a: 15)

The report further notes that “The Environment outcome area will provide knowledge that helps New
Zealand’s economy develop within environmental limits’ and environmental science investment will
encompass ‘work on land and freshwater resources, terrestrial ecosystems, climate and atmosphere,
marine ecosystems and Antarctic’ (MoRST, 2010a: 17).

In 2004 the Parliamentary Commissioner for the Environment, Dr J. Morgan Williams, released the report
Missing Links: Connecting science with environmental policy. The report examines ‘how the links between
science, policy-making and the public interest can be strengthened to engender confidence in the way policies
are developed and what they will achieve’ (PCE, 2004: 8). Particular focus is placed on the need for greater
interaction across disciplines to address complicated environmental issues effectively, and it is noted that a
combination of specific scientific disciplines, worldviews and stakeholder interests often leads to only partial
solutions (ibid.). The report makes four recommendations aimed at improving integration and processes
where environmental policy is concerned,* the first of which is the publication of a regular report on
changes in the state of New Zealand’s environment. This issue has recently attracted renewed interest, and
was taken up by the current Parliamentary Commissioner for the Environment, Dr Jan Wright. In April

84  The four recommendations are: () the Minister for the Environment establishes a process whereby changes in the state of New Zealand’s
environment are identifies and reported on at regular intervals (at least every five years); (ii) the Minister of Research, Science and Technology
establishes a process to undertake regular and systematic reviews of central government environmental agencies and regional councils to
assess the effectiveness of their scientific and technology capabilities for environmental policy-making; (iii) environmental policy makers
consider developing strategic, long-term, formal alliances with science providers to encourage scientists input through the policy-cycle, and (iv)
environmental policy makers explore options for improving accountability and communication links between scientists, policy makers, and the
public (PCE, 2004: 85-86).
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2010 Dr Wright published the report How Clean is New Zealands Measuring and reporting on the bealth of onr

environment, and in her overview she stated:

| was surprised to learn that we have no legislated process for regular national reporting on our environment
and that we are the only country in the OECD who does not. In order to improve state of the environment
reporting in New Zealand | have made three recommendations to the Minister for the Environment. These
are that he should:

e  draft legislation that assigns roles and responsibilities for regular reporting on the state of the
environment to different public entities;

e ensure that indicators for assessing the state of the environment are reviewed, the underlying environmental
statistics are significantly improved, and primary data is made publicly available on the internet;

e  assign the responsibility for state of the environment reporting to an agency or agencies that can
provide the required independence and technical capacity. (PCE, n.d.)

Four months after the publication of How Clean is New Zealand? the Environmental Reporting Bill was
introduced into the parliamentary ballot. The Bill recommends the publication of a five-yearly state of
the environment report using information gathered by local authorities and sequestered through changes
to the Resource Management Act (RMA). In August 2011 the Ministry for the Environment released
Measuring Up: Environmental reporting, a discussion document outlining the proposed system and asking
for submissions. The document argues:

Quality environmental information is as important to New Zealand’s success as financial or economic
information. Environmental information enables good decision-making and builds a reliable picture of how
we are managing our natural capital. New Zealand’s trade advantage lies in its worldwide reputation for
quality products from a quality environment. (MfE, 2011a: 2).

(d) Health research

The Health Research Fund was designed to support public good science and technology that improves the
health status of New Zealanders (Treasury, 2009a: 165). This fund places investment in health research at an
important crossroads in the ‘science for policy” and ‘policy for science’ interaction. As can be seen in Figure
20, investment in health research has been increasing since 2000. There are a number of reasons for this, but
it is generally considered to be due to an increase in contestable funding. In its 2009 Budget the incoming
National government announced that it would increase investment in Vote RS&T Health Research by

$32 million over four years (MoRST, 2010a: 20). This was initiated by an $8 million increase to the Health
Research Fund (from $62.955 million in 2008/09 to $70.955 million in 2009/10) (Treasury, 2009b: 283).

Figure 20: Vote RS&T and Vote S&I — Health Research Output Class: Total Appropriations, 2000/01-2009/10
Source: Reserve Bank of New Zealand, n.d.; Treasury, 2000: 327; 2001: 14; 2002: 15; 2003: 1079; 2004: 1107; 2005:
1125; 2006: 1006; 2007: 1013; 2008: 259; 2009b: 283.
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Note: In 2009/10, the Health Research Fund was transferred into the Health Research and Society Research Fund,
therefore, data from 2009/10 and beyond is not directly comparable with that of previous years.
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Following restructuring of the Vote in 2010, appropriations previously allocated to the Health Research
Fund were transferred to the Health and Society Research Fund. The Health and Society Research
output class was created as a result of transfers from Environmental Research, Health Research, Research
for Industry, Social Research, Support for Primary Health Research and from Supporting Promising
Individuals (Treasury, 2011e: 128). The Health and Society Research Fund is therefore of even greater
importance as a driver of policy as it has the potential to affect policy in a wide range of areas.

In the 2011/12 Vote, $83.694 million was allocated to the Health and Society Research Fund, a decrease
from the $86.948 million budgeted for 2010/11 (Treasury, 2011c: 272). The government therefore still
has a $20 million increase in funding to deliver if it is to fulfil its pledge of increasing investment in health
research by $32 million by 2013.

MST has appointed the Health Research Council (HRC) as the funding and investment agent for health
aspects of the Health and Society Research Fund (MSI, 2011g). To add value the Council must manage

its agenda carefully to produce genuine public good outcomes for New Zealanders by informing policy
directions with sound research outputs.

There is a range of organisation types involved in health research alongside government institutions
and funds; Independent Research Organisations (IROs), universities, private research institutions and
commercial operations can all contribute, particularly if managed and aligned effectively, to advance the
health and well-being of New Zealanders.

There is an important interaction between universities and IROs that generally operates under the radar
but has the potential to deliver significant benefits to New Zealand. For example, Simon Robinson,

a Wellington ear, nose and throat surgeon, together with emeritus Otago University professor Brian
Robinson and University of Adelaide professor Peter-John Wormald, designed a sinus healing gel, that
was sold in 2011 to the United States medical technology company Medtronic for several million dollars.
MST has invested more than $1 million in funding over five years into Otago University’s research and
development of the gel. The gel reduces post-surgery sinus scarring and could save the New Zealand health
industry an estimated $10 million per year (Woodfield, 2011).

Research should be conducted that examines the effectiveness of IROs and how government could
facilitate the interrelationships between fund managers, university researchers and IROs. Optimising

these relationships will come from a greater understanding of how this interaction could be improved;
what obstacles exist; whether research funds come too early or too late in the process; the extent to which
private sector research infrastructure is underutilised; where there exists a role for government to provide
a home for research infrastructure that could be managed centrally for the use of private independent
institutes; how infrastructure could be better shared across organisations, and how best to support linkages
between universities and businesses.

All four research areas discussed above indicate the need to develop better and more transparent processes
for ensuring science informs policy. The importance of scientific research to inform policy is discussed in
Question 6 in Section 9. See also Section 10.1, which explores the findings of Dr William Smith’s research
on science for policy.

7.3.5 Enabler 5: Regulatory Framework

There are a number of regulatory frameworks that operate within the science system. Most regulations
are concerned with processes that must be followed or controls over what cannot be pursued. However,
other forms of regulation can deliver financial benefits, such as taxation credits. Often regulation in itself
is seen as an obstacle to economic growth, although this view looks increasingly flawed. It is the quality
of regulation that is critical. Neil Gregory, a deputy director for indicators at the World Bank, has said
he does not see a direct or indirect correlation between regulations and jobs (Gandel, 2011). While some

SCIENCE EMBRACED 2058



7. THE STRATEGY DRIVING GOVERNMENT-FUNDED SCIENCE

regulations do make it harder for companies to grow, Gregory contends that others, such as those that
support small business lending, are essential to creating jobs. In a recent Time article, Stephen Gandel

analysed World Bank figures over a five-year period and found that some countries, for example Argentina

and Singapore, had increased both regulation and gross domestic product (GDP) - see Figure 21.

[Figure 21] maps major economies around the world by their five-year change in ease of doing business and
their five-year growth rate. The countries to the right of the vertical line, which is most of them, reduced
regulations during the past five years. The countries to the left of the vertical line made it more costly for
local companies to operate in the past five years. The size of the circle corresponds to the size of each
country’s economy. (Gandel, 2011)

Figure 21: Mapping the Relationship Between Regulation and Growth
Source: Gandel, 2011
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performance, implying that regulatory frameworks, like any framework, need well-designed regulations to

deliver on the system’s overarching goals. Furthermore, small countries share characteristics in regard to

the level of controlling interest held by overseas companies.

In New Zealand, 57.5% of the Top 200 companies are 50% or more controlled by overseas interests

and are not trading publicly on the local stock exchange (see Figure 22). This level of foreign control
leaves New Zealand vulnerable, as noted in the Institute’s recent One Integrated Annual Report Survey of
New Zealand’s Top 200 Companies, which commented that ‘it is in our interests to ensure that the more
invisible companies - those that are owned and traded elsewhere - treat our citizens and country well’
(SFL, 2011h: 9). Furthermore, this means New Zealand may be further disadvantaged if large companies
prefer to undertake R&D closer to home and/or in countries where better incentives exist, or equally
decide to out-source risky developments in New Zealand rather than at home. To address this,

New Zealand needs to work harder to retain small and growing companies so that we are less vulnerable
and less affected by foreign decision-making with regard to Business Expenditure on Research and
Development (BERD).
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Figure 22: Top 200 Companies by NZSX and by Overseas Control, 2009
Source: Adapted from New Zealand Management, 2009: 70-83
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In the remainder of this section we explore four examples of regulatory frameworks that act as enablers in
the system: intellectual property frameworks; research and development incentives; risk management, and
ethics. Unlike the four previous enablers, the regulatory framework is not obvious, but it remains a major
player in determining the nature and type of science the system delivers.

(i) Intellectual property

Intellectual property (IP) rights serve to protect creations of the human mind while encouraging the spread or
use of an invention. The World Trade Organization (WTO) defines IP rights as ‘rights given to persons over
the creations of their minds’ and divides them into rights related to copyright and industrial property. The
main social purpose of protection of copyright is stated as being ‘to encourage and reward creative work’,
whereas the purpose relating to industrial property is ‘to stimulate innovation, design and the creation of
technology’; it includes inventions (protected by patents), industrial designs, and trade secrets (WTO, n.d.).

The economic rationale behind the IP system is that developments in science and technology are
fundamental to long-term productivity growth and economic success. Further, facilitating these
developments involves both the creation of new technology and the dispersal of existing technology.

IP rights exist to allow innovators to recover costs and gain on their R&D investments through the
ability to both charge higher prices and prevent others copying their technology. While some evidence
exists showing that the protection provided by the patent system acts as an incentive to innovation and
therefore increases productivity, the Review of the New Zealand Intellectual Property System was unable to
find evidence that IP, on its own, is a driver of productivity (Auckland Uniservices, 2010: 7).

At the time of writing, the Patents Bill, introduced to Parliament in 2008 and designed to update the New
Zealand patent regime and replace the Patents Act 1953, is before a Select Committee. The Bill’s objective
is to ‘ensure that it continues to provide an appropriate balance between providing adequate incentives for
innovation and technology transfer while ensuring that the interests of the public and the interests of Maori
in their traditional knowledge are protected’. While patents can encourage innovation there is still room
for improvement. The 2004 OECD report Patents and Innovation: Trends and policy challenges recommends
that governments should explore ways to encourage alternatives to patents to disseminate knowledge, such
as greater use of the public domain and the publication of licensing guidelines (OECD, 2004: 5).

72 SCIENCE EMBRACED 2058



7. THE STRATEGY DRIVING GOVERNMENT-FUNDED SCIENCE

The conclusion of the aforementioned Review is that the New Zealand IP system is not working
optimally. It is apparent that the key goal is to integrate inventions into economic growth. Secondary
to this is ensuring there are sufficient incentives in the system to guarantee a good inflow of inventions,
which in turn means that there are incentives for inventors. These incentives could take many forms;
public acknowledgement, financial profits and branding rights are all likely to be part of the mix.

There needs to be further research into the potential to stimulate innovation, design and the creation of
technology for the public good in a way that works alongside the IP system. Creating better forms of co-
creation based on collaborative practices between institutions, and new initiatives that allow inventions to
be put into the public domain more quickly, seem part of the solution. For example, New Zealand could
consider becoming a leader in Common Patents, patents that register the creator and are fully transparent,
but allow free use with acknowledgement (along the lines of the approach used by the Creative
Commons,™ % but through specific ‘New Zealand Invention Commons’). There are obviously a number
of different ways to explore this landscape, but it is clear that such a system, which puts vast numbers

of inventions into an open marketplace where entrepreneurs have access to them, can help economic
growth, health and well-being. The challenge is therefore to create a system where new knowledge and
technological advances are created and then traded in an open marketplace, which recognises the creator
but also enables the entrepreneur to bring benefits to society.

(ii) Research and development tax incentives

In the 2007 Budget, the Labour-led government announced a business tax reform package that included

a 15% tax credit that was available for a number of research and development (R&D) activities. The

credit was intended to encourage firms to invest more in R&D and address New Zealand’s low levels of
investment relative to other OECD members (MoRST, 2008b).”” See Figure 23 below. In New Zealand
R&D expenditure is measured across business, government and higher education (university) sectors, with
government playing a very important role in R&D activities. In 2006, 43% of all R&D expenditure was
funded by the government, which spent a total of $784.7 million in this area, or 0.5% of GDP (NZMEA,
2009: 7). The government sector includes government departments, ministries, Crown entities, Crown-
owned companies, government funding agencies, and the local government sector.

Further, the government plays an important role in encouraging the development of R&D, and a
supportive, competitive and stable tax policy can be an effective tool for encouraging an innovation-
friendly commercial environment. Most OECD countries have specific tax incentives in place for R&D
investments, and these are considered to have proven successful (NZMEA, 2009: 7). Evidence of the

success of this policy instrument can be seen in the 20% increase in the number of OECD countries with
tax incentives for R&D (to 70%) between 1996 and 2006 (NZMEA, 2009: 8).

85  ‘Copyright grants to creators a bundle of exclusive rights over their creative works, which generally include the right to reproduce, distribute,
display, make adaptations, perform, sell and so on. The phrase All Rights Reserved is often used by owners to indicate that they reserve all of
the rights granted to them under the law. When copyright expires, the work enters the public domain, and the rightsholder can no longer stop
others from engaging in those activities under copyright, with the exception of moral rights reserved to creators in some jurisdictions. Creative
Commons licenses offer creators a spectrum of choices between retaining all rights and relinquishing all rights (public domain), an approach we
call Some Rights Reserved.” (Creative Commons, n.d.)

86 ‘One of our goals is to encourage creators and rightsholders to experiment with new ways to promote and market their work. CC’s
NonCommercial (NC) licenses allow rightsholders to maximise distribution while maintaining control of the commercialisation of their
copyrighted works. Choose a license with the NC condition if you want to reserve the right to commercialise your work. The NC license
condition only applies to users, not the owner of the work. As the rightsholder, you may still commercially exploit your work. If someone
else wants to use your work commercially and you have applied an NC license to your work, they must first get your permission.” (Creative
Commons, n.d.)

87  In 2006 New Zealand spent approximately 1.17% of GDP on R&D, which was well below the OECD average of 2.25% (NZMEA, 2009: 2).

88  The two main forms of R&D tax incentives are R&D tax credits and tax allowances. ‘Tax credits are a specified percentage of R&D expenditures
that allows a deduction from tax liability. Tax allowances represent additional deductions from the gross income, which indirectly lower the
taxable income.” (NZMEA, 2009: 8)
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Figure 23: Government-funded Gross Expenditure on R&D as a Percentage of GDP, 1993/94-2007/08
Source: Adapted from MoRST, 2009g; OECD, 2009
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Note: At the time of publication the latest OECD data available on government-financed gross expenditure on R&D
(GERD) as a percentage of GDP for New Zealand is for the 2007/08 year (OECD, 2011b: 35). The 2007/08 OECD
figure is an estimate based on the 2006/07 figure (MoRST, 2009g: 1).

However, effective from the 2009/10 income year, New Zealand’s R&D tax credit was repealed by the
incoming National-led government. An explanatory note on the Taxation (Urgent Measures and Annual
Rates) Bill states:
The Government’s objective in repealing the tax credit is to move towards a broad-based, low-rate tax
system, which will improve the quality of investment and reduce distortions. Removing the R&D tax credit
will also partially fund the reduction in personal tax rates. The Government considers the benefits of
reducing tax rates are certain, whereas the benefits of the R&D tax credit are less certain. The Government
is concerned that much of the credit will fund R&D that would have occurred in any case, the compliance

costs associated with claiming the credit are high and that the credit will be paid out on standard operating
expenditure re-characterised as R&D-related expenditure. (IRD, 2010)

The repeal of the R&D tax credit has been described as ‘a huge disappointment for those in the productive
economy’ (NZMEA, 2009: 12). In view of the fact that some firms had invested significantly to maximise
the advantage and implement systems to support the tax credit claims, and that the Labour-led government
had spent considerable effort on policy design, the New Zealand Manufacturers and Exporters Association
commented that ‘[s]ince the tax credit will not apply for the 2009/2010 income year, all these efforts have
been wasted, and many innovative firms are likely to review their R&D activity’ (ibid.).

The government recently replaced the R&D tax credit with Technology Transfer Vouchers and Technology
Development Grants that are intended to encourage both research-active organisations and other firms to
undertake more R&D, either by themselves or in collaboration with New Zealand research organisations.

(iii) Risk management

Strong, flexible and effective risk management and controls are necessary to both protect against serious
and unanticipated harm and to instil confidence in the science system. Without such controls government,
organisations and society as a whole are vulnerable to adverse material impacts (including systemic,
operational and legal) and reputational risk. Key criteria underlying discussion on risk management
include probability of occurrence, magnitude if the risk occurs, and timeliness concerning the length of
time negative impacts may exist.
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Public discourse on risk management includes debate around acceptable levels of uncertainty; who bears
the risk in light of who gains the benefits; who is liable to remove the hazard; whether the risk can be
reversed (irreversibility), and an appropriate risk appetite for New Zealand. Beyond this, there are issues
around education, and the need to draw a distinction between influencing public opinion through the
selective release of information and addressing concerns through an informed public. There is also the
need to create greater clarity between perceived risks and rewards, and actual risks and rewards. Professor
Gluckman noted the increasing role of society in policy development, commenting:

[S]cientific advice and policy formation now increasingly act in a more iterative way — what has been termed

the ‘co-production” model of policy making, in which policy-makers, expert advisors and society negotiate

to set policy goals and regulatory decisions that are agreed to be scientifically justifiable (in terms, say, of

the information available and the levels of future risk that are tolerable) as well as socially and politically
acceptable. (OPMSAC, 2011b: 8)

What follows is a brief discussion that looks more deeply at three examples where expert advisors and
society negotiate policy and make regulatory decisions.

Example 1: Genetically Modified Organisms
A recent example of the way regulation is reviewed provides an insight into the current approach to
risk management in the science system. In November 2011 the Ministry for the Environment called for
proposals to ‘determine the factors influencing New Zealand businesses’ decisions to innovate using new
organisms’. This is intended to inform the government’s decision over whether regulatory changes with
respect to new organisms are required. An extract from Appendix 1 of the Request for Proposals states:
The Treasury and some research and industry stakeholders have raised concerns that the current regulatory
environment associated with the deliberate introduction of new organisms impedes the introduction and
uptake of biotechnological innovation. These stakeholders believe that New Zealand’s economic performance
may be increasingly affected over time, and our competitive position in relation to more permissive

economies will be eroded. Others challenge this view with concerns over potential risks arising from the
introduction of new organisms. (MfE, 2011b: 8)

However, if the evaluation focuses on the extent to which government regulation impedes innovation, at
the expense of examining other factors that might also influence business decisions, it may fail to account
for further risks that might arise from reducing controls. This issue was recently raised in the press,
showing how sensitive this proposal was when aired in the public arena (Fisher, 2011).

Risks associated with using new organisms would have been an area considered by the former Bioethics
Council or Office of the Parliamentary Commissioner on Biotechnology. However, the Bioethics Council
was abolished in 2009 and the recommendation to establish the Office recommended by the 2001 Royal
Commission on Genetic Modification (RCGM) was not implemented.¥

Professor Jack Sommer’s 2008 survey of New Zealand scientists and technologists provided an interesting
insight into what scientists think (Sommer, 2010). For example, in contrast to the impression given in the
majority of press reports, the survey showed that there was a range of differing positions on this topic
within the science community. Question 25 asked respondents to provide their level of agreement with
the following statement:

The 2008 Survey of New Zealand Scientists: Question 25

My understanding of the science of genetic modification of organisms leads me to believe they pose sufficient
threat to the ecosystem to warrant suspension of research endeavours.

(Sommer, 2010: 25)

The survey found that 1.9% of respondents agreed emphatically with the above statement; 10.8% agreed
in substance; 21.9% neither agreed nor disagreed; 39.9% disagreed in substance, and 20.2% disagreed

89  Recommendation 14.3: ‘that Government establish the office of the Parliamentary Commissioner on Biotechnology to undertake futurewatch,
audit and educational functions with regard to the development and use of biotechnology in New Zealand.” (RCGM, 2001: 360)
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emphatically.” Overall, 12.7% agreed with the statement, while 60.1% disagreed to some extent. It is
interesting to note that earth and environmental scientists, and mathematics and computer scientists,
agreed the most (20.0% and 26.9% respectively), while agricultural and soil scientists (3.2%), medical and
health scientists (8.6%), and biologists (9.1%) agreed the least (Sommer, 2010: 25).

It is notable that outdoor GM experiments were largely undertaken by CRIs (SFI, 2008b: 72-73), and
surprising that genetic modification outdoors continues today with funding from the government when
20% of Earth and Environmental scientists agreed with the above statement in the blue box.

Example 2: Dairying and Clean Streams Accord

The Dairying and Clean Streams Accord is an example where the voluntary mechanisms have not delivered
the desired outputs and outcomes. Signed in 2003, the Accord seeks to minimise the impact of dairying on
New Zealand’s streams, rivers, lakes and wetlands so that they are suitable, where appropriate, for fish,
drinking by stock and swimming (M{E, 2011c). The Accord specifies targets to keep dairy cattle out of
streams, lakes and wetlands; to treat farm effluent; and to manage the use of fertilisers and other nutrients
(ibid.). However, the Accord is not legally binding on the parties nor on Fonterra’s shareholders and in no
way restricts any person in the exercise of any power or discretion under any statute (Fonterra et al., 2003: 1).

The Accord expires in 2012 and a recent report, The Dairying Clean Streams Accord Snapshot of Progress,
notes that a nationwide survey to assess stock exclusion from Accord-type waterways found only 42%

of farms had achieved complete stock exclusion, showing why regulation is often the only way to ensure
risks are managed (MAF, 2011: 13). However, the report also notes that dairy cattle are excluded from
accord-type waterways on 84% of farms supplying Fonterra (ibid.: 2), raising questions over the quality of
reporting as both figures cannot be right, a point not missed in the press (Scoop, 2011). This explains why
public reporting standards must also be included in future regulatory frameworks.

Example 3: National Water Standards

New Zealand’s government environmental agency, the Ministry for the Environment, compiles data
collected by local government and Crown Research Institutes on water quality from across 16 regions.
Regional and district councils self-report against national water quality measures and have inherent
differences in technical expertise, resources and needs. Section 69 of the Resource Management Act 1993
(RMA) allows standards to be set regionally, and provides direction for councils wishing to do this.
Setting water quality standards in regional plans establishes a benchmark against which cumulative effects
can be measured, as well as providing clear guidance for processing resource consents. Although regional
and district councils can select whether to incorporate water quality standards within regional plans, it

is not obligatory to do so. Voluntary regulation, such as that set out in s 69 of the RMA, goes some way
in encouraging organisations to set priorities and long-term strategies for a benefit to the public good;
however, information of this nature would benefit from being both mandatory and transparent to ensure
the public can monitor progress against desirable outcomes and benchmark one council against another.

The view that regulation is a major barrier to innovation fails to take seriously the management of
potentially costly risks. New Zealand’s unique ecosystem needs strict biosecurity controls in order to
ensure the preservation and continued health of our environment. Proactive planning approaches, in
which risk is identified and assessed, and management strategies are developed and implemented, are
necessary to ensure the continued and future success of our government-funded science system. Professor
Gluckman’s suggestion of a risk report framework across the public sector (including CRIs) may go some
way to solving this problem. It would create a shared risk management framework that enables a deeper
conversation about the country’s risk appetite and how to balance risk, when those that bear the risk (the
public) are different from those that benefit from the risk (CRIs and their international business partners).

90  There was no distinction in viewpoints with respect to age and gender, but university scientists (14.6%) agreed more than CRI scientists (9.9%)
(Sommer, 2010: 25).
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[Alll forms of science have challenges in terms of the certainty they can provide, and their interpretation.
Departments should develop protocols on how to present probabilities, risks, uncertainties and magnitude of
likely impact when offering policy advice. (OPMCSA, 2011b: 10)

(iv) Ethics

In order for an organisation or profession to engender trust from the public, it must demonstrate high
ethical standards and a strong sense of integrity. Professions such as accounting and law work to achieve
this trust by strongly policing their own ethical standards and codes of conduct.”® Similarly, ethical
standards and codes of conduct are rigorously upheld in all medical professions including, for example,
nursing, physiotherapy, dentistry and radiation therapy. These standards continue to develop over time,
with many major changes coming as reactions to serious events that have called into question the integrity
of the profession.” Science as a discipline also needs to demonstrate that it is working hard to maintain
the trust of the public and to pursue high ethical standards. In contrast to the above professions, scientific
professional bodies do not tend to have mandatory memberships or disciplinary bodies. Cases of scientific
misconduct are usually investigated by journals, research institutions, and/or the funding agencies (for
example, see Miller, 2010).

The role of scientists in producing public good science and open scientific debate can be complicated

by issues of ‘professional ethics’. This can be a potential impediment to transparency and open debate

on areas of public interest science. For example, a notice issued by the DSIR in the mid-1970s addressed

the issue of scientists openly discussing controversial environmental issues, in this case indigenous forest

utilisation. The notice begins:
As an employee, the modem [sic] scientist has very real responsibilities to his employer. Such a man might
well regard the scientific institution that employs him in the light that a lawyer regards a group of which he is
partner, namely, that the professional relationship lies between the scientific institution and the client, and
that it is the employee scientist’s task to use this relationship to further the best interests of the client. What

many scientists fail to realise is that they then have a duty to safeguard the client’s interests, even if this may
involve some conflict with their own interests. (Mark, 1993: 3)

This creates a dilemma for scientists as knowledgeable parties to public debate, who are not entirely free
to operate as public good advocates. Scientists are caught between professional and ethical obligations on
the one hand and their independent ability to contribute relevant public good information on the other.

There are a wide range of organisations that prepare codes or guidance on best practice, from Health and
Disability Ethics Committees (NZHDEC, 2011) to those that set codes of conduct for those undertaking
research on animals (as mandatory under the Animal Welfare Act 1999 [MAF, 2006]).

In November 2010, the Royal Society issued its revised Code of Professional Standards and Ethics in Science,
Technology, and the Humanities (RSNZ, 2010a), which outlines the professional standards members of the
Society are expected to uphold. However, membership is not compulsory and standards are not policed
by any regulatory body able to hear complaints. Instead, under the Rules for Hearing and Determining
Complaints of Breaches of the Code, individuals are relied on to bring complaints to the attention of

the Society. A board then conducts an inquiry, giving the subject of the complaint an opportunity to
respond before undertaking disciplinary measures where appropriate (RSNZ, 2010a). Education about
the standards takes a number of forms, but there is no extensive programme in place to educate members
on ethics and rules as they are updated. Members are notified when the standards have been updated and
they are free to look at these at their leisure. New members of the Royal Society are required to read the

91  The Institute of Chartered Accountants is the membership body that works to ensure high standards in accounting practices, while the Law
Society has a role in regulating the legal profession. Robust education systems are also in place to keep members of the profession up-to-date with
the latest ethical developments in their field.

92 One of the most infamous examples in New Zealand was the treatment of women at the National Women’s Hospital in Auckland in the 1960s.
Dr Herbert Green, from the hospital’s cervical cancer clinic, chose not to treat or inform women with abnormal cells in the cervix, in the belief
that these cells did not always lead to invasive cancer. A number of women developed cervical cancer, and some died. When Green’s practices
were exposed, a Committee of Inquiry was established, led by then District Court Judge, Silvia Cartwright. This Inquiry proposed radical new
measures to ensure patients’ rights, including the establishment of the National Cervical Screening Programme, the Office of the Health and
Disability Commissioner, the Code of Health and Disability Services Consumers’ Rights, and nationwide patient advocacy services (MCH, 2011).

2058 SCIENCE EMBRACED 77



78

THE STRATEGY DRIVING GOVERNMENT-FUNDED SCIENCE

standards, and any application for funding asks that the applicant familiarise themselves with the standards

and abide by them as a condition of funding.

The opportunity to achieve a more formalised professional body, whose members are considered
professional scientists and required to reflect high standards of ethical behaviour in all aspects of their
work, seems worth pursuing. Recent surveys indicate that scientists generally have high levels of trust,
however there is strong support from the public for tight controls over what scientists are allowed to do
(MoRST, 2010g: 18, 23). A framework to regulate and promote expertise within the science profession
should be considered a priority if there is a strong demand for such from within the public.

7.4 Discussion

The purpose and strategy underpinning New Zealand’s significant investment in science and innovation is
continually changing, and although these changes are resulting in more clarity over the strategy, it remains a
concern that so many iterative changes are necessary. In order for stakeholders to use the system to generate
benefits for New Zealand, the strategy needs to be settled and demonstrate longevity. MSI’s most recent
strategic document, its Statement of Intent 2011-2014, outlines a three-year strategy and therefore does not
set out the long-term strategic intent of the science and innovation system, meaning another document

is necessary. Further, stakeholders need to be assured that the structures and frameworks in place will be
long-lasting. Structural change is an expensive solution. There are costs in terms of morale, redundancies,
administration and accounting systems, and moving premises. The most expensive cost is often that the
problems that drove the change are not clearly identified and therefore continue to remain unresolved. Real
opportunities lie in the detail, the linkages between strategic intent, drivers and enablers - what Kaplan

et al. call ‘the cause and effect’ (2004: 30-32). The recent structural changes may continue to hide strategic
problems and obstacles within the system; hence frequent monitoring of the system will be critical.

The public is a strategic partner in the science system, yet this partnership is not apparent in the Statement
of Intent or the most recent articulation of purpose and goals. If MSI is going to be ‘[s]etting priorities for
investments in business-led research and development, and public good science’ (MSI, 2011c: 7), it needs
to have a clear view of what the public wants and needs, to ensure the public good is served. Examples

of where scientific and community views on research can differ include such varied subjects as genetic
modification in the outdoors,” pre-birth genetic screening,” and the management of possums.” MSI,
therefore, needs to be aware of public attitudes to potentially contentious areas of research and take
account of this in preparing its plans and making decisions. Sector Advisory Groups could be expanded to
include community representatives and/or Sector Research Investment Plans could be required to explore
public attitudes and expectations with regard to contentious issues. In particular, all Sector Research
Investment Plans should be required to identify, explore and explain how risks will be managed when
one group of New Zealanders may gain a significant advantage or benefit from the public investment, to
the detriment or at the expense of another group of New Zealanders. Further, these plans should be made
public and comment invited so that the plan is thoroughly understood and the public, as a key strategic
partner, is fully consulted. Similarly, scientists and research organisations receiving public funds have a
duty to communicate their research. There may be exceptions where research cannot be released, but as
Professor Gluckman notes, this should be on an opt-out basis (OPMSAC, 2011b: 15).

93 See The History of Genetic Modification in New Zealand (SFI, 2008b) and Review of the Forty-nine Recommendations of the Royal Commission
(SFI, 20080).

94 See Bioethics Council of New Zealand (2008).
95 See Caught in the headlights: New Zealanders’ reflections on possums, control options and genetic engineering, PCE (2000).
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8. The Execution of the Strategy

Professor Robert S. Kaplan and David P. Norton, authors of The Execution Premium, and Jim Collins and
Morten T. Hansen, who recently published Great by Choice, provide useful frameworks for analysing the
execution of a strategy. Kaplan and Norton conducted surveys in 1996 and 2006 focusing on the state of strategy
execution. They concluded that companies were increasingly implementing a formal strategy execution system.
This is a system that translates the strategy, manages strategic initiatives, aligns organisational units, communicates
the strategy, and reviews and updates the strategy. The existence of a formal strategy execution system made
success two to three times more likely than for a company without such a system (Kaplan & Norton, 2008: 3-5).

Collins and Hansen conducted a study of 10 extraordinary companies and benchmarked them against 10
similar companies that did not perform as well. The study posed the research question “What did the great
companies share in common that distinguished them from the direct comparisons?’ (Collins & Hansen,
2011: 6-7). Collins and Hansen found three core behaviours that, when combined, distinguished the
successful companies from the comparative companies: fanatic discipline (consistency and focus); empirical
creativity (when faced with uncertainty they looked at the evidence), and productive paranoia (they were
pessimistic and channelled fear into action) (ibid.: 36-37). These core behaviours are useful when looking
at ways to successfully execute a strategy in the government-funded science sector.

8.1 Targets and Initiatives

Sections 6 and 7 describe the purpose and strategy of the current
New Zealand science system, and in doing so discuss a number of
initiatives that are being progressed by government. Immediately
prior to and following the release of Igniting Potential, a number
of government-led initiatives to support the science system were
put in place. These key government initiatives can be broadly

A

categorised into three major areas for change:
TARGETS AND INITIATIVES «

PERFORMANCE INDICATORS
2010: Supporting business, reforming CRIs and simplifying STRATEGY MAP

2009: Setting strategic priorities and boosting science;

government structures;

Next steps: People, infrastructure and international connections. (MoRST, 2010a: 1)

While a number of initiatives from the old system have been continued, there are a number of new

initiatives that have already been implemented. These include:

e Providing the CRIs with a greater level of secure funding to support their strategic role in the system ($40
million over four years) (MoRST, 2010a: 20);

e Boosting the Marsden Fund by $36 million over four years to increase the level of investigator-led research
that expands knowledge across all disciplines (ibid.);

e Increasing investment in health research by $32 million over four years (ibid.);

e Supporting the people and infrastructure that are at the heart of science and innovation (ibid.: 39);

e Improving the international connections that are increasingly important for researchers and firms (ibid.);
e The Prime Minister’s Science Prizes (ibid.: 45);

e e-Sciences services for researchers (ibid.: 47);

e Establishing stronger relationships with carefully selected bilateral partners (ibid.: 51).

At the time of writing, information explaining how these initiatives are being and will be implemented
and what targets and timeframes have been agreed upon is not publicly available. This has made it difficult
to discern how these new initiatives may relate to the overarching strategy for MSI and how we can measure success.
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The implementation plan for the reform of CRIs provides a promising example of MSI providing

clear targets and initiatives. MSI has been charged with implementing the recommendations of the

CRI Taskforce and has established a clear and comprehensive implementation pathway with a detailed
timeline.” These work streams form part of Pathway to 2012, a plan to create a science and innovation
system that is integrated, responsive and collaborative, and supported by a simple and transparent funding
system (MoRST, 2010h). The most recent version of this implementation plan was released in December
2010 and takes into account the merging of MoRST and FRST into MSI; the completion of three work
streams; the reconfiguration of the remaining work streams into an integrated work programme, and the
establishment of a dedicated project team to undertake the work programme (MoRST, 2010: 1).

It is promising to see MSI’s Statement of Intent 2011-2014 set out how the Ministry plans to contribute

to the delivery of the government’s priorities for science and innovation. It outlines in detail the specific
initiatives or targets needed to achieve the high-level strategy. The Ministry of Science and Innovation
Annual Report: 2010/2011 (MSI, 2011d) measures a number of specific targets and initiatives as ‘annual
components’ carried over from MoRST, but no outcome reporting took place for 2010/2011 as required
under s 40 of the Public Finance Act (ibid.: 8).” MSI will report against its desired outcomes in its
2011/2012 annual report, as detailed in the Statement of Intent, in accordance with the requirements of the
Act (ibid.). The effectiveness of output reporting is contingent on the presence of strong initiatives and
targets, hence the importance of linking targets and initiatives with performance indicators.

8.2 Performance Indicators

A growing number of metrics to measure science quality

and productivity are being developed and applied by various
governments and international agencies, such as the OECD.”
However, there are concerns from researchers that they

can be used inappropriately and inconsistently to assess
individual scientists (Abbott et al., 2010). Sophisticated

A

assessment schemes, for example the OECD’s Assessment

of Higher Education Learning Outcomes (AHELO) scheme TAREETS ANEIRITIATIVES
for assessing universities’ teaching and research, are being PERFORMANCE INDICATORS ¢
STRATEGY MAP

formulated (OECD, 2011c). While there is a general view
that metrics for science performance can be helpful for both researchers and organisations, there is no
ideal set of indicators and careful thought is required to determine which are appropriate for specific
circumstances (Van Noorden, 2010).

The practices of a number of other countries represent a good starting framework for New Zealand to
consider when monitoring the outcomes of its investment in the science sector. Individual countries
periodically review the performance of their science achievements (or particular fields of science) based on
a range of indicators. For example, in April 2011 the US Board on Science, Technology, and Economic
Policy (STEP) held a workshop to address the question ‘Can the impacts and practical benefits of research
to society be measured either quantitatively or qualitatively?” The workshop discussion focused on a wide
range of issues associated with assessing the return on federal investment, including broad social effects

of public research investments such as economic growth, productivity, employment, social values, public
good, and the actions of decision-makers and the public. An overview of the workshop is provided in

96  An example of MSI’s implementation plan can be seen in Progress of the Implementation of the Crown Research Institute Taskforce Report

(MoRST, 2010h).

97  MSI gave a number of reasons for failing to undertake outcome reporting in the 2010/2011 financial year: (i) strategic alterations made to MSI’s
focus in a number of areas; (ii) the reprioritisation or halting of work due to its new functions and changing strategic focus, and (iii) responding
to the upheaval caused by the Canterbury earthquakes (MSI, 2011d: 8).

98  OECD Reviews of Innovation Policy provide an assessment of the innovation systems of individual OECD member and non-member countries.
The reviews have a specific focus on the role of government. They provide country-specific recommendations aimed at improving policies
relating to innovation performance, which include R&D policies, while also highlighting positive practices that are beneficial to a country
(OECD, 2011d).
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Measuring the Impacts of Federal Investments in Research: A workshop summary (Olson & Merrill, 2011). The
workshop highlighted different approaches to measuring impact, and the risks as well as benefits of such
assessments. The OECD has also reviewed and improved the indicators that it uses to measure innovation.
The 2010 publication Measuring Innovation: A new perspective draws on 50 years of indicator development
while describing broader contexts in which innovation occurs (OECD, 2010c¢). It presents new indicators
as measures of innovation, such as investment in tangible assets and trademarks, and focuses on
measurement gaps to propose ways for advancing measurement capabilities (ibid.).

The following is a brief discussion on a number of key measures of performance that the Institute’s
research has identified, divided into input, process, output and outcomes.

(i) Input monitoring: Reporting on the government investment dollar

Regular reports on investments not only provide transparency but also serve as a catalyst for public
feedback. Monitoring investments is essential for structural evolution of the system, as well as for on-
going system maintenance. There are four reporting levels that should be reported on and made available
to the public as stakeholders in the outcomes of the science system:

1. MSI investment report

2. Board investment report

3. Priority investment report (the six priority investment areas)
4

Specific investment report (each investment)

The four levels of reporting are all linked to provide a meaningful picture of government-funded science
at both macro and micro levels. Figure 24 shows how the six priority investment initiatives are distributed
across the different investment boards. This distribution raises some important questions concerning

how possible synergies across boards are considered and who is responsible for ensuring that all research
agendas are aligned.

Figure 24: Recommended Reporting Framework

1. MSI
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(ii) Input monitoring: Assessing the utilisation and life of science infrastructure

The development and maintenance of effective infrastructure is essential to producing optimal science
outcomes. The importance of regularly monitoring the performance and quality of our asset base

cannot be overstated. An asset management register is a fundamental part of long-term strategy and
planning around equipment, laboratories and other scientific resources. Evaluation of asset-utilisation

is also a necessary part of ensuring maximum benefit from infrastructure investment. The Institute has
identified that, until recently, Crown Research Institutes have been monitored largely for their financial
performance. MSI now has the opportunity to put in place measures around how an asset operates,
alongside research outcomes. There are a number of ways this can be presented, for example applying the
scorecard approach adopted by the Argonne National Laboratory (see discussion in Section 5.1.8).

In a country with a comparatively small population like New Zealand, planning around infrastructure
also involves considering what research capability exists in other countries in the region (e.g. Australia).
Forming partnerships with international facilities in some cases represents the best means of supporting
scientific endeavour. Effective monitoring of performance and reporting against defined targets will enable
good decisions to be made around New Zealand’s science infrastructure.

(iii) Input monitoring: Assessing the quality and quantity of scientists

In an increasingly competitive global marketplace, organisations recognise that working to attract and
retain the right talent is critical for business growth. Sir Paul Callaghan suggests New Zealand becomes
‘the place where talent wants to live’; New Zealand’s science sector strategy should encompass this vision.
The ability to draw the world’s best scientists to New Zealand to undertake research would represent one
significant measure of a successful science system.

Building on the discussion in Section 7.3.5 (iv) on ethics, high ethical standards are critically important for
science, as scientists provide an important service to society. As mentioned, organisations such as the New
Zealand Institute of Chartered Accountants and the New Zealand Law Society police ethical standards
and codes of conduct in their industries. Professional bodies in the science sector do not tend to have
mandatory membership or bodies responsible for disciplining members involved in misconduct and there
is no national forum where the ethical and moral implications of emerging technologies can be considered.
The Bioethics Council was previously tasked with public engagement on ethical issues in New Zealand’s
science system. Following the Report of the Royal Commission on Genetic Modification (RCGM, 2001),
the government of the day established the Council with the aim to ‘enhance New Zealand’s understanding
of the cultural, ethical and spiritual aspects of biotechnology and ensure that the use of biotechnology has
regard for the values held by New Zealanders’ (NDHA, 2009). The Bioethics Council was a Ministerial
Advisory Committee with the ability to establish its own work programme. The Council looked at
ethical issues associated with human-assisted reproduction, use of human genes in other organisms,
xenotransplantation and Maori responses to biotechnologies. The Bioethics Council was disestablished in
March 2009. The level of engagement that the Bioethics Council received on some of its research projects
indicates that the general public is willing and able to participate in discussion of ethical considerations,
and the advice or comments they provided were valuable.

One reason behind its disestablishment may have been that the science community was not required to
engage with the Council, and it was therefore easy to ignore. There may be value in requiring scientists

to study ethics and in science institutions establishing a strong core set of values and mandatory ethical
guidelines. The science system would benefit from recognising the opportunity to pursue a formalised
professional body, whose members are required to reflect high standards of ethical behaviour in all aspects
of their work or risk losing membership status. If the problem is that the public want tighter controls
over what scientists do, a framework to regulate and promote expertise within the science profession
should be considered a priority.
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(iv) Input monitoring: Following business research and development

New Zealand’s unique economy demands a unique approach to encouraging BERD. Our economy is
based on a large number of small to medium-sized enterprises (SMEs), which may not be in a position to
take advantage of public research and turn it into wealth-generating innovations.

There are several reasons to provide incentives for businesses to invest in R&D, which would deliver value
to New Zealand as a whole. Incentives can be provided through national investment programmes, policy
incentives, and encouraging overseas-controlled companies to invest their profits back into New Zealand.
This may require developing radical new models, as suggested by the Prime Minister’s Chief Science
Advisor, who asked, ‘Do we really think that lots of small start-ups working in isolation will create 20
new Fisher and Paykel Healthcare’s or do we need to aggregate expertise in areas where special knowledge
is needed, such as in the biotech space?” (Gluckman, 2010: 2). New Zealanders have proven that they can
generate novel and innovative ideas, but other countries have shown us that sustained private and public
sector investment is absolutely crucial to lifting productivity through innovation and commercialising
science outputs to ensure that such ideas contribute to economic and social well-being. R&D incentives
can also help to increase export income, taking pressure off primary industries for export-led growth. The
technology grants introduced in 2010 are a step in the right direction by the government, but low public
and private sector investment in R&D remains a critical weakness.

OECD data shows that in comparison to other OECD countries New Zealand’s GERD as a percentage
of GDP is low. Further, New Zealand ranked as the 25th lowest out of 34 comparative countries in 2007,
dropping to 28th in ranking in 2010 (see Figure 25 below).

Figure 25: Government Budget Appropriations for R&D, Percentage of GDP, 2007 and 2010
Source: Adapted from OECD, 2011e
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Note: For Israel, defence is excluded. In the United States, general support for universities is the responsibility
of state governments, therefore general university funds (GUF) are not included in total Government Budget
Appropriations or Outlays for R&D (GBAORD).

Of interest, GERD by selected socio-economic objectives places New Zealand at the highest in the OECD

for Health and Environment appropriations; in comparison, New Zealand scores particularly low in
appropriations to General University Funds (see Figure 26 overleaf).
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Figure 26 Government Budget Appropriations for R&D, by Selected Socio-economic Objectives, 2010
Source: Adapted from OECD, 2011e
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Note: For Israel, defence is excluded. For Japan, military procurement contracts are excluded from defence in
Government Budget Appropriations or Outlays for R&D (GBAORD). In the United States, general support for
universities is the responsibility of state governments, therefore general university funds (GUF) are not included in
total GBAORD.

However, counting R&D is no way to measure a country’s ability to deliver on science. Research
spending is an input, not an output, and does not provide a great deal of insight concerning the value created.
The challenge is to find measures that indicate the value gained from spending the research dollar well.

(v) Process monitoring: The cost of the research dollar

Included in the cost of the research dollar are administration costs (departmental appropriations) which
support services such as advice and contract management. As a simple measure, the administration cost
associated with each fund is a useful starting point for exploring costs versus benefits. Furthermore,
benchmarking the cost of operating a range of funding systems, such as comparing administrative costs
as a percentage of core funding versus contestable funding, may prove useful. The benefits of the research
can only be determined by careful monitoring and comprehensively reporting upon long-term outcomes
that can be attributed to the specific research undertaken, even if a positive outcome is just a small by-
product of the original research aim. Figure 27 shows the Vote S&I appropriations by departmental and
non-departmental dollars.
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Figure 27: Vote RS&T and Vote S&I — Departmental and Non-departmental Appropriations, 2000/01-
2011/12*

Source: Reserve Bank of New Zealand, n.d.; Treasury, 2001: 13, 15; 2002: 14, 16; 2003: 1078, 1080; 2004: 1105,
1108; 2005: 1123, 1125; 2006: 1005, 1007; 2007: 1013, 1014; 2008: 259, 261; 2009b: 283, 284, 285; 2010: 279, 281,
282; 2011a: 271, 272, 273
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Note: Inflation-adjusted values are calculated using the Reserve Bank of New Zealand formula (Reserve Bank of
New Zealand, n.d.). Comparison dates are second-quarter 2000 with the second-quarter of each relevant budget
year. Figures from 2007 onwards include output expenses and other expenses. Figures do not include capital
expenditure. 2011/12 figures are Budgeted, all other figures are Estimated Actual.

Given that one of the key reasons for the merger of MoRST and FRST was to reduce administration
costs, data showing the administration cost of the research dollar over time should be a key indicator for
measuring progress. Taking a view that departmental costs are comparable over time, this data indicates
that departmental costs have been increasing in relation to the total Vote, and are forecast to increase in
the 2011/12 financial year.!®

(vi) Output monitoring: The quality and quantity of publications

As Sir Paul Callaghan noted in the Victoria University Inaugural Chancellor’s Lecture in September 2011,
the output of New Zealand scientists as measured by scientific publications per capita is well above the
OECD average (OECD, 2010a: 206). There was continued improvement in this measure over the period
between 1995 and 2006.

Many of the tools developed to assess the performance of science systems and scientists draw on
quantitative data sources and statistics. MoRST has published an annual Research, Science & Technology
Scorecard (MoRST, 2009g; 2010j), and commissioned national bibliometric reports every few years

99 Nominal Value is expressed in terms of a certain amount, without making allowance for changes in real value over time. Real Value is a
measurement of an economic amount corrected for change in price over time (inflation), thus expressing a value in terms of constant prices (7he
Economist, 2011).

100 In 2000/01, 1.46% of Vote RS&T was allocated to Departmental costs (Treasury, 2001: 13, 15). In 2010/11, 3.57% of the Vote S&I was allocated
to Departmental Ouput Expenses (Treasury, 2011c: 271, 273). In 2011/12, 4.64% of the Vote S&I is forecast to be allocated to Departmental
Output Expenses (Treasury, 2011c: 271, 273).
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(MoRST, 2007b).1°t However, controversy surrounds the value of bibliometric studies when they are
used to rank individual scientists or organisations that are competing for funding (see, for example,
Weingart, 2005).

In order to assess changes in the number of scientific papers and dollars spent per researcher over time,

it is necessary to look at employment and education statistics. The Ministry of Education published

a bibliometric analysis in 2007, Quality vs Impact: A comparison of Performance-Based Research Fund
quality scores with citations. This compared the academic impact of research produced by New Zealand
universities, in the form of citations per FTE researcher, with the quality of research at the universities,
as measured by the Performance Based Research Fund (PBRF) (Smart, 2007). The Ministry of Education
also tracks education statistics with Education Counts, a resource aimed at increasing the availability

and accessibility of information about education statistics and research in New Zealand (MoE, 2011).
Statistics New Zealand publishes Research and Development in New Zealand every two years; this collects
information on business, government and university spending on R&D while also detailing the number of
scientists and researchers in the country (Statistics New Zealand, 2011b).

Internationally, the Spanish research group SCImago has developed a bibliometric analysis site, SCImago
Journal and Country Rank (SCImago, 2011a). This uses the Scopus Bibliomerric Database, which is the
largest abstract and citation database of research literature and web sources, covering nearly 18,000 titles
from more than 5000 publishers, and contains country and journal summary information (Elsevier,

2011). Scopus can be used to compare scientific outputs internationally as well as provide comprehensive
country-specific data. New Zealand statistics show a large increase in publications since 2003 (SCImago,
2011b), the year the Performance Based Research Fund was introduced. However, when the quantity of
publications is measured against Research and Development in New Zealand (Statistics New Zealand, 2011b:
26), which shows similarly large increases in the number of FTE researchers, the productivity in terms of
papers per FTE researcher remains relatively unchanged since 2003.

(vii) Output monitoring: The quality and quantity of patents

One way in which invention in New Zealand can be measured is by the number of patents lodged

with the Intellectual Property Office New Zealand (IPONZ). Patents are exclusive monopoly rights
awarded by the government agency for new inventions, allowing patent owners to exclude others

from commercialising the patented invention for up to 20 years IPONZ, 2009). A further initiative to
encourage invention by streamlining the patenting process is the Australia New Zealand Integrated Patent
system, which forms part of the Single Economic Market (SEM) initiative. Under this new system, there
will be one patent examination process for both countries. This means that applications for patents in
either country will be assessed by a single examiner and then accepted or denied according to the laws of
each country (IPONZ, 2011).

Although analysis of the number of patents filed is one measure for evaluating science performance,
these numbers are usually greater for private companies than for public institutions. Private companies
are under less pressure to publish, and can choose not to release their findings until they have made a
decision on whether or not to patent them. In contrast, public research organisations are encouraged

to publish their research findings through conference presentations or journal articles. Once a research
finding has entered the public domain it generally can no longer be patented, although provisional
patents can be filed prior to publication. For a variety of reasons, care must be taken when counting or
assessing the value of patent statistics. Patents do not always result in the release of commercial products,
and companies can protect IP using alternative means, such as copyrighting or trademarks, undermining
the results from the statistics.

101 A bibliometric study analyses the journal articles published by scientists, and it can provide an assessment of the impact scientists are making in
their field through the quantity and quality of citations.
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Figure 28 below indicates that our level of invention, in contrast to publications, is poor in comparison with
other OECD countries, and is arguably an area that deserves more attention. The level of invention of a
country is often measured by the number of triadic patents (i.e. corresponding patents taken out in a number
of jurisdictions) and patents with foreign co-inventors. Interestingly, New Zealand is below the OECD average
for the first, but significantly higher than the average for the latter. Figure 28 indicates New Zealand firms are
very good at creating new to market product innovations, but below average in undertaking non-technological
innovation. This indicates that our strength may be in inventing technological solutions, rather than creating
and adopting non-technological innovations. More research is needed to draw useful conclusions, but the graph
indicates this may be worth undertaking.

Figure 28: Science and Innovation Profile of New Zealand, 2007
Source: OECD, 2010a: 207
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(viii).  Output monitoring: The commercialisation of science outputs

Within the private sector, some high-tech firms such as Fisher & Paykel Healthcare, Rakon and Navman
have succeeded in conducting and commercialising research in New Zealand. However, the list remains
small compared with other countries. The University Commercialisation Offices of New Zealand
(UCONZ) analysed the performance of university commercialisation between 2003 and 2006, and found:
736 new invention disclosures were received by university commercialisation offices; 303 new patents
were applied for; 97 patents were granted, and 156 licences were issued. Between 2003 and 2006, over $155
million of capital was raised for start-ups. In the same period, 29 new start-ups were formed, bringing the
number operating as of 2006 to 44. The number of full-time staff employed by these start-ups has grown
from 198 to 363, and by 2006 market capitalisation of these companies was $1.1 billion (UCONZ, 2008:
2-3). Further, per dollar invested, New Zealand universities produced more than twice as many new
companies as the United States average, and more than 50% more than Canada. In addition, New Zealand
universities produced patent applications at a similar rate to US performance, and 30% more efficiently
than Canada (UCONZ, 2008: 3).
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In 2010, MoRST identified the need to increase the commercialisation of science outputs as a priority
(CRIT, 2010: 12; MoRST, 2010a: 12). This goal has been transferred to MSI, which will now be facilitating
the Research, Science and Technology sector’s contribution to economic growth. Of significant
importance is the government’s commitment to this goal. In Budget 2010 some of the most detailed
changes to the New Zealand science system were announced. They were:
o $189.5 million over four years for technology development grants to support R&D in businesses that
already do significant amounts of R&D;

o $20 million over four years to trial technology transfer vouchers, which will encourage links between
companies and publicly-funded research organisations;

o $11 million over four years to support technology transfer from research organisations to businesses
and commercialisation of new products and processes;

o $13.7 million over four years in contingency funding for initiatives to improve the transfer of technology
from research organisations to the private sector. (Key, 2010)

A further systemic change would be to improve the PBRF assessment scheme for universities (through
Vote Education) so that recognition is given to more applied research and commercialisation. The
previous assessments placed less emphasis on applied or commercial work than on published papers
(MacFie, 2009). If greater recognition is given to patenting and commercial activities in the next assessment
round it would legitimise university researchers’ work on industrial problem-solving and applying real
world solutions. Individual researchers could opt into the PBRF stream that most fairly recognises their
contribution to academia or society.

Related indirectly to the commercialisation of science outputs is the need to ensure progress aligns with
New Zealand’s national brand. In August 2011, the New Zealand Business Council for Sustainable
Development (NZBCSD)'* released the results of a poll in response to negative international press that
showed only 2% of New Zealanders think New Zealand completely lives up to its ‘100 per cent Pure’
brand.'® The majority of those polled thought New Zealand is ‘nearly there’ in terms of living up to this
image. The poll also showed that 86% of respondents felt sustainability and the ‘Pure’ brand are important
in giving New Zealand a competitive edge (NZBCSD, 2011).

(ix) Outcome reporting: Improvements in trust

New Zealand has sat among the top five countries in the Corruption Perceptions Index since the index
was launched by Transparency Internationalin 1995,'% reflecting the fact that New Zealand is perceived as
a ‘high-trust society’ (Snively, 2011). Further, three scientists led the Readers Digest 2011 most-trusted New
Zealanders survey and scientists were 13th on the list of the most trusted professions (Readers Digest,
2011).!% However, these types of benchmarks are dependent on any unethical and dishonest behaviour

being discoverable.

The real test is developing and communicating metrics that relate specifically to the science community in
the public arena, ideally in the annual reports of the Royal Society and MSI. For example, in the case of
the Royal Society, metrics should include statistics such as how many members have not acted according
to the code, what code has been broken, and what implications, penalties and punishments were placed on
the scientists for breaking the code. Further, as indicated in the code, it is not mandatory for scientists, in
particular government-funded scientists, to be members of the Royal Society. Uncertainty therefore exists
over who polices the activities of these scientists and whether any discrepancies are discoverable. The code states:

102 The New Zealand Business Council for Sustainable Development (NZBCSD) seeks to ‘provide business leadership as a catalyst for change
toward sustainable development, and to promote eco-efficiency, innovation and responsible entrepreneurship’ (NZBCSD, n.d.[a]). More than 50
New Zealand businesses are listed as members of the Council and each has made a commitment to sustainable development (NZBCSD, n.d.[b]).

103 For example see BBC Hardtalk, 9 May 2011 (BBC, 2011)

104  The Transparency International Secretariat is responsible for producing the Corruption Perception Index, which uses expert assessments and
opinion surveys to rank almost 200 countries by their perceived levels of corruption (Transparency International, n.d.). The New Zealand
chapter of the organisation seeks to promote transparency, good governance and ethical practices in New Zealand public and private sectors, the
South Pacific and internationally as part of the global Transparency International movement (TINZ, 2009).

105  The most trusted New Zealanders were Sir Ray Avery, scientist, inventor, New Zealander of the Year 2010; Sir Peter Gluckman, Chief Science
Advisor to the Prime Minister, and Sir Paul Callaghan, physicist, New Zealander of the Year 2011 (Readers Digest, 2011).

SCIENCE EMBRACED 2058



8. THE EXECUTION OF THE STRATEGY

1. Al members of the Royal Society of New Zealand must comply with this Code. Members whose conduct
is considered to be in breach of the provisions of the Code will be asked to account to the Society for
their actions.

2. Breaches of the Code, and complaints about such breaches, may be dealt with by the Society under the
Rules for Hearing and Determining Complaints of Breaches of the Royal Society’s Code of Professional
Standards And Ethics.

3. Thisis a voluntary Code for all other persons involved in science, technology, and the humanities in New
Zealand. The Society recommends the provisions to them. (RSNZ, 2010a).

(x) Outcome monitoring: Improvements in well-being
Outcome monitoring is advancing in many countries and is a useful performance indicator. The United
States, for example, launched the Science of Science and Innovation Policy (SciSIP) in 2006 to ‘develop
the foundations of an evidence-based platform, from which policy-makers and researchers may assess the
country’s [RS&T] system, improve their understanding of its dynamics and predict its outcomes’ (OECD,
2008b: 99). Examples of research to be funded under SciSIP include:

e  examinations of the ways in which the contexts, structures and processes of science and engineering

research are affected by policy decision,

e  the evaluation of the tangible and intangible returns from investments in science and from investments
in research and development,

e  the study of structures and processes that facilitate the development of usable knowledge, theories of
creative processes and their transformation into social and economic outcomes,

e the collection, analysis and visualisation of new data describing the scientific and engineering
enterprise. (NSF, 2010)

The Australian system, which could be usefully applied to New Zealand, requires government agencies
that receive appropriations from Parliament to deliver outcome statements and report to Parliament on
their progress (Australian Government, 2010). Annual reports summarising and synthesising the scientific
outputs and outcomes of all research produced by the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) are an example of this.

As another example of outcome monitoring, the European Union’s 7th Framework Programme combines
a broad range of qualitative and quantitative measures to monitor the impacts of RS&T (OECD, 2008b: 99).
Portugal practises a three-pronged approach:
1. The firstis the 2006 public governmental evaluation framework, based on internationally comparable
indicators ...

2. The second provides policy-makers, analysts and programme managers with a continual flow of
statistical indicators and administrative data through the centralisation in one planning office of the
collection process of all data related to the S&T, innovation and higher education systems ...

3. The third is based on the government’s decision to introduce foreign and/or independent evaluators ...
(ibid.: 100)

A third example of outcome reporting at a global level is the PricewaterhouseCoopers (PwC) recent
report, Counting the cost of carbon: Low carbon economy index 2011. This report shows that carbon
intensity has increased in 2011, following two years of minor reduction. The report states that these
results ‘call into question the current likelihood of our global decarbonisation ever happening rapidly
enough to avoid 2 degrees of global warming’ (PwC, 2011: 2).

System-wide monitoring of RS&T investments is essential if the government-funded science system is to
evolve into one that is dynamic, productive, and meets the needs of New Zealanders and global citizens
now and in the future. The New Zealand Association of Scientists has called for more robust monitoring
processes so that the ‘socially optimal levels of knowledge creation and diffusion’ can be ascertained at any
stage in the evolution of the science system, and thus guide further change (Open Letter Group of Scientists,
2006: 3, 7). This approach aligns with best practice, and the existence of a formal strategy execution system is
clearly something that many stakeholders will be looking to see develop, once the strategy is finalised.
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8.3 Strategy Map

The creation of strategy maps is a methodology developed
by Harvard Business School. Although the strategy map
is just one tool used in the development and polishing

of strategies, it is a powerful one that not only provides

/. VISION
clarity, but also enables strategy to be discussed and _
/. _ DRNVERS

debated. It has been found that a one-page diagram that

illustrates all the key elements of a strategy and how they
TARGETS AND INITIATIVES

PERFORMANCE INDICATORS
STRATEGY MAP -

interlink is the most effective tool for translating strategy
to stakeholders. Most importantly, this has proven to be a
valuable process of empowering the very people with the
resources and energy to execute the strategy - for example, the employees. The ability of strategy maps
to demonstrate a strategic outline clearly and to communicate visions and strategies effectively is finding
value beyond the corporate world as they are increasingly being used by communities and even countries.

The StrategyNZ: Mapping our Future event, hosted by the Institute in March 2011, aimed to explore how
New Zealanders might develop a strategy map for our nation. The results of the two-day workshop were
published in Report 13 (SFI, 2011i) and an e-book of participants’ reflections (SFI, 2011j). Key themes that
resonated with the participants were the importance of attracting talent to New Zealand and retaining it;
the desire to move to a much more entrepreneurial, high-income society; the constitutional review; the
appetite from young people to engage in national dialogues; and the desire to have a robust, bicultural and
multicultural society. Particularly relevant to this discussion was the theme that participants wanted New
Zealand to be ‘a place where talent wants to live’. This theme has implications for the optimal science
system, which is discussed in Section 9.

Below we assess whether the strategy behind the government-funded science system (as explored in this
section) has the two key characteristics of an effective strategy map: internal cohesion and external cohesion.

(i) Does the strategy have internal cohesion?

A strategy map has internal cohesion if it has been assessed both vertically and horizontally and found to be
well aligned. There must be an integrated approach that vertically aligns the purpose, strategy and execution
by cause and effect relationships. There should also be clear horizontal alignment that demonstrates the
linkages between different drivers and enablers and shows how these can reinforce outcomes. A strategy
map for New Zealand’s science system should provide a clear sense of what MSI is going to do differently,
or not do at all, compared with the past strategy, other strategic options and other countries’ experience.

There are in effect two strategy documents currently driving this public investment: MoRST’s Igniting
Potential and MSI’s Statement of Intent. MSDs Statement of Intent takes a very short-term strategic position
in line with the three-year planning cycle. In contrast, MoRST’s Igniting Potential takes a long-term view
and is clearly a far more strategic document. Both illustrate that there has been consideration of the cause
and effect relationship between very broad goals and how they might be achieved (vertical integration),
but the drivers, the recurring ideas that link the purpose with the enablers, are diverse and fragmented.

It seems that although there is broad agreement on the sector groups, there is no consistent list of themes
driving the strategic intent discussed in Igniting Potential or MSI’s Statement of Intent.

MST’s Statement of Intent seems to draw very little from the content of Igniting Potential. This means

it does not show how the enablers will work together to meet the strategic intent. A more focused and
tightly structured strategy would mean the Ministry would focus on fewer initiatives, in order to have
a higher likelihood of delivering more specific and useful outcomes. This is perhaps best understood in
terms of Professor Michael E. Porter’s well-known paper What is Strategy?
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The essence of strategy is choosing what not to do ... Companies that try to be all things to all customers ...
risk confusion in the trenches as employees attempt to make day-to-day operating decisions without a clear
framework ... Trade-offs are ... essential to strategy. They create the need for choice and purposefully limit
what a company offers. (Porter, 1996: 69-70)

Further, there is little evidence that the strategy in Igniting Potential had been tested horizontally. We had
hoped to see situations where initiatives were able to link across a number of drivers and hard decisions
had been made over what it was not going to do, hence the strategy is likely to be in a preliminary

stage of development. MSI has indicated that one of its initiatives for 2011 is the development of a clear
organisational strategy (MSI, 2011b: 26), however, at the time of publication the final strategy remains a
work in progress.

(ii) Does the strategy have external cohesion?

A strategy has external cohesion if it can be seen to fit within an understanding of the probable and
possible futures and is able to deliver the preferred future. Figure 29 shows the well known cone that is
frequently used in future studies to illustrate the concept of what is probable (the status quo) and what is
possible. The challenge is to identify a preferred position in the future and then develop a strategy that
will deliver New Zealand to that place at some time in the future.

Figure 29: The Cone: Exploring the Future, 2012-2058
Source: Adapted from SFI, 2012a: 9
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A strategy should not be fixed in the present , ‘particularly if we consider strategy as the transition of an

organization from its current position to a desirable but uncertain future state’ (Kaplan & Norton, 2000,

cited in Buytendijk, n.d.: 1). Long-term thinking and contingency should always be built into a strategy map:
Strategy maps are useful tools for strategy execution, but they are often built on unclear cause-and-effect
relationships derived from the extrapolation of past performance data and insufficiently linked to possible

future states. If too static, strategy maps could actually lead organizations on a risky path which assumes that
present conditions will simply perpetuate. (Buytendijk, n.d.: 14)

There are a number of aspects involved in integrating long-term foresight thinking into a strategy map. The
current government strategy already goes some way to anticipating the changing dynamics of the world’s
commercial scientific industry, with a focus on innovation and private industry buy-in. However, such a
strategic position is not uncommon, as indicated by the current focus on innovation by the OECD. There
is also large scope for consideration of changing policy drivers in New Zealand - for example, anticipated
demographic changes - particularly given the central role of science in helping society anticipate, react to
and recover from any number of potentially significant wicked problems and wild cards.
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Appendix 5 provides an overview of these wicked problems as they relate to New Zealand and illustrates
that flexibility must be built into a national science strategy map. While the current science strategy is
clearly adapting to wider trends in the global science system, there is little evidence that the strategy
incorporates enough long-term thinking to mitigate against major future events and challenges.

8.4 Discussion

Al Gore, the former vice president of the United States, recently published A Manifesto for Sustainable
Capitalism, in which he quotes General Omar Bradley speaking in the aftermath of World War II. General
Bradley said, ‘It is time to steer by the stars, and not by the lights of each passing ship’ (Gore et al., 2011: 11).

So often in the management literature, we are told that it is the focus on the execution of a strategy that
makes the difference between success and failure. Professor Robert S. Kaplan and David P. Norton are
world leaders in establishing a comprehensive framework for developing and executing strategy. In their
book The Execution Premium, Kaplan and Norton note that a lack of strategy execution is a significant
problem shared by many executives. They quote a 2006 survey of 143 performance management
professionals in which 46% of respondents stated they did not have a strategy execution system in place,
and conclude that ‘strategy development and the links between strategy and operations remain ad hoc,
varied, and fragmented’. Kaplan and Norton suggest managers should ‘take a systems approach to link
strategy with operations’, particularly when attempting to implement transformational strategies (Kaplan
& Norton, 2008: 7).

Consistency of performance measures is also a critical success factor, as found by Collins and Hansen
(2011) in their survey of 10 extraordinary companies. New Zealand’s government-funded science system
has been beset by inconsistent policies, changes in strategic direction and structural reshuffles. In view of
this variability, analysis of which policies are successful and which need improvement can only be made
through having vigorous monitoring standards. Without rigid monitoring systems, improvements cannot
be made to the performance of government-funded science.

In bringing these three sections of the report to a close, it is clear from reviewing the system that much
of the debate on strategy is centred on the pillars in the middle of the strategy pyramid; in particular four
of the five enablers. These four enablers; namely structure, scientists, funding and regulatory frameworks
tend to, in colloquial terms, represent the tail that wags the dog. The exception is research infrastructure
that was put on hold while the recent structural changes were implemented, but deserves significant
research and debate. This lack of focus in the other remaining pillars is a key concern. Clarity over
purpose and execution are so fundamental to improving wellbeing, hence refocusing the debate on the
first and last pillars is the only way real progress happen.
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9: Policy Knots: Strategic Questions that Exist in
Government-funded Science

As governments increasingly recognise the potential benefits to society from a robust and flexible science
system, governments have had to address a growing number of policy knots concerning decisions over
where to invest, how much, and who should drive the research agenda. These policy knots have become
increasingly challenging as the role of science has become more complex. Science is no longer defined

by biology, chemistry and physics but increasingly by a range of new challenges (e.g. climate change,
water scarcity, energy), new tools (e.g. robotics, genomics, nanotechnology, artificial intelligence and
neuroscience), and a variety of synergies as we consider how best to respond to the range of challenges ahead
of us. This emerging complexity poses a real and urgent challenge for policy analysts and others to untangle.

This represents the transition to a new era in science; we are leaving what Ravetz, author of several books
on the philosophy of science,!® has called ‘normal science’ and entering a new paradigm called ‘post-
normal science’, characterised by an ‘extended peer community’ and the recognition of a multiplicity of
legitimate perspectives on every issue (Ravetz, 2005: 10). Success in this new environment will depend

on a country’s ability to transverse this difficult terrain through actively creating a government-funded
science system that seeks out a space where society and science intersect; where science delivers on real
improvements in well-being.

In early 2011 Professor Sir Peter Gluckman, the Prime Minister’s Chief Science Advisor, produced a
discussion paper titled Towards Better Use of Evidence in Policy Formation. His paper provides a context
for considering what Gluckman describes as a collection of ‘low cost measures and an attitudinal shift
that could, over time, advance the quality of policy advice and thus assist the capacity of Government to
improve our national condition” (OPMSAC, 2011b: 17). It highlights a number of initiatives that could
contribute to this goal in the short term and suggests there exist a number of other policy areas that

require further examination.

Sections 9 and 10 aim to contribute to this discussion through explaining issues and ideas worthy of
further examination. This section identifies 30 policy knots - issues that must be addressed but require
further research. We have framed these as a series of questions for on-going consideration. These are
divided into high-level questions that aim to clarify the overall purpose of the government-funded science
system, and policy questions that aim to address the system from a number of different perspectives; the
Minister of Science and Innovation, the Ministry of Science and Innovation, universities, and the science
community as a whole. For those interested in maintaining the structure of the nine pillars identified in
Figure 1, and apparent in the three earlier sections, we have also identified how each question relates to
each pillar, see Appendix 6.

9.1 High-level Strategic Questions Related to Purpose

Seven high-level questions have been formulated as a way of clarifying the purpose of government
investment in science. While not all of these questions are able to be answered, they provide a useful
tool for highlighting the key areas of tension within the science system. Our intention is to identify and
emphasise a number of alternative ways of conceptualising the system.

106 In 1962, Thomas Kuhn, science philosopher and author of The Structure of Scientific Revolutions, introduced the concept of normal and post-
normal science as part of his theory that scientific knowledge progresses through socially constructed paradigm shifts. Jerome Ravetz, author of
Scientific knowledge and its Social Problems (1992, 1996), describes post-normal science ‘as the sort of inquiry, usually issue-driven, where the facts
are uncertain, values are in dispute, stakes are high and decisions are urgent’ (Ravetz, 2005: 10).
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Question 1: Should New Zealand have a greater focus on commercial research or non-commercial research?
Question 2: Should New Zealand have a greater focus on addressing New Zealand-specific issues or global issues?
Question 3: Should New Zealand have a greater focus on inventions or innovations?

Question 4: Should New Zealand have a high-risk appetite or a low-risk appetite?

Question 5: Should New Zealand have a greater focus on long- or short-term research?

Question 6: Should New Zealand have a greater focus on ‘policy for science’ or ‘science for policy’?

Question 7: Should New Zealand have a greater focus on solving problems or mysteries?

Question 1: Should New Zealand have a greater focus on commercial research or non-commercial research?
The commercialisation of science is a major driver of the current model. While there is an obvious and
understandable focus on commercialisation, if MSI intends to deliver on its vision to improve New
Zealanders’ wealth and well-being, both commercial and non-commercial research must be undertaken.
New Zealand does not have a track-record of effectively generating commercial outputs from research. The
OECD science and innovation profile of New Zealand shown in Section 8.2 (Figure 28) supports this view;
the number of scientific articles per million of population is far in excess of the OECD average, whereas our
ability to translate that research into new-to-market products is less apparent (Herringa, 2010).

The establishment of a scientific platform for economic development was the underlying purpose of CRIs.
Professor Brian Robinson, Emeritus Research Professor, University of Otago (personal communication,
21 February 2012) noted that ‘there is no evidence that economic or scientific ‘health’ comes from having
more government control of scientific practice or operations’ and that we tend to place too much effort

in to CRD’s. This perspective was supported by at least one of the external reviewers who had come to

the same conclusion. Over the last twenty years government has got it the wrong way around by trying
to create a dynamic and creative government-funded science system through the creation of CRIs. In
contrast, the role of government should be two-fold: to create a stable and evidence-based government-
funded science system while at the same time working with the private sector to help make it more
dynamic and creative. The 2010 review of CRIs noted that these organisations were not adequately
engaging with the private sector to facilitate commercialisation of their research findings (MoRST, 2010a:
33-34). The establishment by MSI of the National Network of Centres for Commercialisation (NNCC),
may be a step towards improving these connections and facilitating cross-sectoral engagement in the public
domain. However there are risks involved with this approach such as scientific knowledge being co-opted
by special interests (Mirowski & Van Horn, 2005: 521). See also the Singapore case study in Appendix 4.

Similar issues have been raised concerning commercialisation in a university setting.'”’

There is a lack of clarity surrounding the respective roles of MSI and the Ministry of Economic
Development (MED) regarding economic development. MED clearly has a role in fostering economic
development and prosperity for all New Zealanders, and many of its portfolios are aligned to the six areas

107 There is evidence that large-scale commercial involvement in university-based science, engineering and technology has impacts that can be
detrimental. At the level of setting the priorities and direction of R&D, Langley and Parkinson, in their report Science and the Corporate Agenda,
identified the following problems:

a. Economic criteria are increasingly used by government to decide the overarching priorities for public funding of science and technology,
in close consultation with business.

b. Universities are being internally reorganised so that they behave more like businesses, while key attributes of the academic ethos such as
openness, objectivity and independence are being seriously eroded.

c. Companies have expanded the number and range of partnerships with universities, focusing on business research priorities and goals.

The power and influence of some corporations, and the increased pressure on researchers to bring in funding from business, means that
academic departments are increasingly orientating themselves to commercial needs rather than to broader public interest or curiosity-
driven goals. This is a trend especially evident in biotechnology, pharmaceutical, oil and gas, and military partnerships.

d. The growing business influence on universities is resulting in a greater focus on intellectual property rights (including patents) in academic
work. Hence knowledge is increasingly being ‘commodified’ for short-term economic benefit. This can undermine its application for
wider public benefit, and produces a narrow approach to scientific curiosity.

e. A high degree of business interest in emerging technologies, such as synthetic biology and nanotechnology, leads to decisions about
these powerful technologies being taken with little public consultation. This is of particular concern because of the major uncertainties
regarding these technologies, including the possibility of detrimental health and environmental impacts which they may produce. (Langley
& Parkinson, 2009: 7)
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of investment determined by MSI: high-value manufacturing and services sector (HVMSS); biological
industries; energy and minerals; hazards and infrastructure; environment, and health and society (MED,
n.d.; MoRST, 2010a: 3). It is not clear how the two ministries coordinate their strategies in these areas
given that the difficulty in distinguishing the stated aims of these two ministries has been noted in the
science-policy community.!® Figure 30 shows that in terms of high-technology exports as a percentage of
total manufacturing exports, New Zealand has considerable work to do if it wishes to create economic
development through technology. If MSI’s strategy is to focus on the commercial aspects of innovation
(as indicated), we believe the solution is to bring the research agenda (and possibly the funding) under

the control of the business community. Notably, in the 1960’s at least 25% of private sector CEO’s had
science or engineering degrees, but today this percentage would be a lot lower (Professor Brian Robinson,
University of Otago, personal communication, 21 February 2012). If we are serious about transferring
science technology to users, government will need to focus more closely on the private sector; economic
success comes from individuals, and a more realistic commercial strategy may be to identify entrepreneurs
and supporting them to find new products and services, and to develop market and niche opportunities.

Figure 30: High-technology Exports as a Percentage of Total Manufacturing Exports, 2008
Source: Adapted from OECD, 2010a: 207
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Non-commercial funding that exists to support research excellence in areas such as science, engineering
and maths, social science and the humanities is available through a very limited number of funds, and

is primarily financed through the Marsden Fund. This fund, managed by the Royal Society of New
Zealand on behalf of the government, provides contestable research funding for investigator initiated
‘blue skies’ research which is not subject to government’s socio-economic priorities (RSNZ, n.d.[a]). In
2010/11 the Marsden Fund Council invested $60.4 million on research projects, this includes the

$9 million budget increase from the government in 2009 and a one-year spending of accumulated funds
(ibid.). Total appropriations to the Marsden Fund has increased over the last decade and competition for
grants is intense (see Figure 31). It represents the only major non-commercial science fund, and the high
level of competition demonstrates how limited funding options are for such research.

108  This lack of distinction was discussed at the inaugural Asia-Pacific Science Policy Conference, 2012.
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Figure 31: Vote RS&T and Vote S&I — Marsden Fund Output Class: Total Appropriation, 2000/01-2011/12
Sources: Reserve Bank of New Zealand, n.d.; Treasury, 2001: 13; 2002: 15; 2003: 15078; 2004: 1106; 2005: 1124;
2006: 1006; 2007: 1014; 2008: 259; 2009b: 283; 2010a: 280; 2011c: 272
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There needs to be a balance between commercial and non-commercial science funding that generates the
necessary capacity for blue skies research and the expansion of scientific domains that contribute to the
well-being of New Zealanders. With commercial research the focus is on economic gain at minimal public
risk, in contrast to non-commercial research, which aims to ensure the research delivers improvements
to health and well-being. Both need a clear strategy to guide investment and assess results, they need to
be recognised as separate systems with separate goals. Arguably, the investment strategy for the former
should be shaped and assessed by MED, NZ Trade and Enterprise, industry groups, and business. It
needs to operate as it would in any commercial setting, guided by those with appropriate commercial
acumen and the ability to pick investments that are profitable while minimising risk, as well as providing
transparency so that stakeholders are able to assess these investments retrospectively. Non-commercial
research science also needs to be an apparent and relevant part of the government-funded science system.

Question 2: Should New Zealand have a greater focus on addressing New Zealand-specific issues or

global issues?

New Zealand science reflects a mixture of research into local issues and opportunities, and participation
in broader scientific questions. Igniting Potential noted that the publicly funded science system should
produce better benefits for New Zealand (MoRST, 2010a: 10). In the Institute’s view domestic issues should
be the primary driver, and our international science relationships should focus particularly on areas where
we have both expertise and a real desire to solve issues that matter to us. A comprehensive list of specific
issues New Zealand needs to resolve is not apparent in the recent government-funded science documents
discussed within this report. We would have expected to find specific issues ‘significant to the national well-
being of New Zealanders’, such as obesity, diabetes, skin cancers, social inequality, earthquakes (prediction,
management and building standards), pests (possums, rabbits, stoats and rats), nitrogen and urea, phosphates,
damage caused by hooved animals, and ocean management. Without a deep understanding of the issues
facing New Zealanders it is questionable whether the science system can deliver on its vision of ‘improving
New Zealanders’ wealth and well-being’.

As science becomes increasingly globalised, there is greater opportunity for New Zealand scientists to tap into
the best research teams in the world operating with critical infrastructure that New Zealand does not have.
International science connections and collaborations are an excellent avenue through which some issues specific
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to New Zealand can be progressed beyond the means available at a domestic level. This is particularly true
in fields where New Zealand has leading expertise, such as aquatic biodiversity and biosecurity.

Question 3: Should New Zealand have a greater focus on inventions or innovations?

The choice of name of the new science ministry suggests that innovation will be a major driver behind the
government-funded science system. In order to discuss this question it is first important to have a clear
understanding of the distinction between the terms invention (something that is created by an inventor
and is new)'?” and innovation (which is an iteration of an invention and improves an existing product,
process, marketing method, organisation or external relationship).

Professor Gary Hawke, in his case study Technology in the New Zealand Economy (Hawke, 2011), notes
that the relationship between innovation and research and development (R&D) is complex.!® This
complexity is discussed further in Section 10.1, where the causal relationship between New Zealand
research and New Zealand development is identified as a myth.

Question 4: Should New Zealand have a high-risk appetite or a low-risk appetite?

Investments by the public sector require a deep analysis and assessment of the net effect on the health
and well-being of New Zealanders as a whole. Fundamental to this type of assessment is an in-depth
understanding of the level of risk the public are willing to accept.

Following from a commercial imperative, there has been public concern about higher-risk science
initiatives in New Zealand, particularly surrounding genetic modification. It is interesting to note that a
large majority of genetic modification (GM) outdoor experiments have been undertaken by CRIs with
international partners, resulting in public money being used to co-invest in private good science, for
which the benefits go overseas but the risks to the public stay in New Zealand. Gluckman has commented
on this conflict between public and private interests:

In some cases, however, CRIs have entered into contracts with the private sector that limit their capacity

to give such [sic] advice (e.g. around land use), and indeed they can find themselves being contracted to

give advice contrary to the Crown’s wider interests. In general entry into such contracts is often unwise and

academia has shown them to be unnecessary. Academia enters into many private sector contracts and yet

essentially none limit institutional ability to publish, subject to IP protection. On the basis of the now altered

expectation of the CRls, they must now take greater care in future arrangements to avoid compromising their
ability to serve the Crown as important and independent advisors. (OPMSAC, 2011b: 14)

New Zealand society could be considered to have a relatively low technology risk appetite (as indicated
by our response to nuclear power and genetic modification); this is perhaps best understood in terms of
our dependency and attachment to the land. As a biological based economy, New Zealand needs to be
prudent in regard to ecological risks, and take on board the lessons learnt from gorse, rabbits, opossums,
didymo and the Varroa bee mite.

Question 5: Should New Zealand undertake research focused on the long-term or short-term?

A commercial research focus is likely to favour short-term research, however, public policy often
benefits from long-term research. Examples of such research are the Dunedin Multidisciplinary Health
and Development Study (University of Otago, n.d.), the Christchurch Health and Development Study
(University of Christchurch, n.d.), and the more recently established Growing Up in New Zealand study
(University of Auckland, n.d.).

109 A prime example is the work of the National Institute of Water and Atmospheric Research (NIWA) who have been experimenting with paua
polyculture, which is the cultivation of multiple marine species in a closed-loop system to integrate wastes and improve efficiency of production.
This was one of the first systems of its type in the world (NIWA, n.d.), with the potential to provide jobs in rural coastal areas, increase the value
of seafood exports, and reduce the ecological impact of traditional harvesting.

110 Hawke states, ‘Nearly all economies import most of the technological development and adapt it to the local circumstances. This is simply
an implication of most countries having a small share of the world’s population and a small share of new ideas that inform the process of
innovation. It has certainly been true of New Zealand. The archetypal New Zealand innovation is employment of overseas engineering to
achieve refrigeration and major local effort in adapting breeds of livestock, husbandry methods, and institutional arrangements for finance and
managing processing. We can expect the future to be similar. One of the challenges for New Zealand is to focus on innovation and stop thinking
about subsidies for research. “Commercialisation of technology” is part of the outmoded thinking. Innovation usually begins from generating
human satisfaction and working out how to do it - at the very least there is genuine interaction between final satisfaction and perceived
opportunities.” (Hawke, 2011: 149-150)
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Long-term non-contestable funding ‘supports large-scale, long-term programmes of research and can
support and maintain essential research infrastructure’ (MoRST, 2010a: 19), but whether it be through
contestable or core funding, long-term research requires constant management and review to ensure that
over the length of the research, the purpose remains relevant and the process is delivering the desired
outputs along the way. Rather like a company reviews its investment portfolio annually, so too should
research institutions. Long-term research that is no longer relevant (i.e. has no external value) or is not
being well-managed, should either be redesigned or dropped in favour of more useful research.

Question 6: Should New Zealand focus on ‘policy for science’ or ‘science for policy’?

The Prime Minister’s Chief Science Advisor, Professor Gluckman, has recently suggested that ‘science
for policy’, at least for his office, will become a ‘major theme in coming years’ (OPMSAC, 2011c: 2).!!
While pursuing this goal, it is equally important to encourage better ‘policy for science’ as a driver for the

government-funded science system.

Science and policy should work together, in what Professor Gluckman calls the ‘co-production model of
policy making’, where the public, experts and policy-makers negotiate policy goals. This model demands
not just transparency about assumptions and evidence, but also the need to seek out the views of the
public and engage with interested parties over time. Gluckman suggests a number of relatively cost-
effective ways of making improvements in the short term:

o Rotation of staff [foster a scientific community and consider the purchase of academic/scientist time by

government agencies]

o Internal departmental science advice [create a Departmental Science Advisor]

o Use of experimental science advice [create a set of generic protocols]

. Scientific advice from the Crown Research Institutes [clarity over conflicts of interest and contracts]

e Direct purchase of agency research [create a register of research reports]

e Social science research [a social sciences research purchasing and monitoring unit]

e  Ajoined-up approach across government [create guidelines on use of scientific advice in policy-making].
(OPMSAC, 2011b: 11-17) [square brackets inserted]

In 2010, Cabinet, as part of the Confidence and Supply Agreement between the National Party and the
Act Party, appointed a committee to enquire into the cost, alignment, efficiency and quality of spending
under the appropriations for policy advice. The resulting report, Policy Expenditure Review, found that
inconsistencies and gaps exist and makes recommendations to improve policy functions by focussing on
three broad areas of action:

1.  Treasury reviews policy advice expenditure with a view to seeking savings through targeted baseline
reviews of policy advice expenditure;

2. Formal process of commissioning, for each agency, a multi-year policy work programme between
ministers and chief executives,

3. To professionalise policy advice (Treasury, 2010c: iv).

As a result of the review Cabinet directed central agencies to investigate a model of appointing Heads

of Profession (Treasury 2011f: 1). This resulted in the Heads of Profession trial project, which aims to
test the concept of professionalising policy advice across the state sector (Treasury 2011g: 3). In 2011, the
Central Agency Policy Steering Group in charge of this project agreed on a number of actions, one of
which was that the trial project enter into discussions with Professor Sir Peter Gluckman on options on
how to progress a Head of the Science profession (Treasury 2011g: 3). Concerns about how foster the
development of professional body within the science community is further discussed in terms of a Code
of Ethics in Question 27 and in Section 10.4.

111 “Science for policy’ could thus be set to become a key driver for science in New Zealand. ‘Policy for science’ is the input into the system to
calibrate it to produce the desired outputs and outcomes. In contrast, ‘science for policy’ aims to use science to inform public policy across
government. See also the definition in the Glossary.
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Question 7: Should New Zealand focus on solving problems or mysteries?

The concept of whether good government-funded science is a problem-solver or a mystery-resolver is
open to debate. The distinction between ‘puzzles’ and ‘mysteries’ was examined by Gregory Treverton in
the context of National Intelligence (Treverton, 2003). The merit of this distinction was further expanded
and publicised by Malcolm Gladwell in his 2009 novel What the Dog Saw. As defined by Treverton, a
puzzle is a situation where the task is to find the missing piece of data that will deliver the solution (it

is dependent on knowing what you are looking for), whereas the challenge for those trying to solve a
mystery is to make sense of an overabundance of information (it is dependent on judgement and the
assessment of uncertainty) (Gladwell, 2009: 151-176).

This idea is not new to science. Kuhn (1962) proposed that the traditional scientific approach, or ‘normal
science’, is well-suited to solving puzzle-like problems with definite answers, but that when contradictory
theories arise that cannot be explained a new approach must eventually follow. In such circumstances,

a new way of conceptualising and solving problems is needed. Further, Funtowicz and Ravets (1993)
proposed that hard science in the laboratory is not appropriate for designing and implementing solutions
to complex environmental problems, problems which inherently have high degrees of uncertainty and
costs associated with both action and inaction. These authors suggest that using a post-normal science''?

framework can provide the approach necessary to tackle these issues.

Commercial science is often directly related to a problem that scientists have been engaged to solve, such
as creating a new drug for a specific illness or replacing a current product with a more sustainable one
(hence the term applied research). For example, Sean Simpson, head of the scientific team at Lanzatech,
believes the most effective scientists are passionate about solving problems."* When asked what makes a
great scientist, he stated:

We stand around obsessing about the problem and can think of nothing else until it is solved, then we are
completely bored with it and move onto the next problem. (Coughlan, 2011: 104)

In contrast, public good science, by its nature, is likely to be a mystery, rather than problem-specific.
Mysteries are often called ‘blue skies’ or ‘basic research’; they tend to demand more deductive research
which works from the general to the specific and is knowledge-driven, rather than inductive research
which works from specific observations to broader generalisations or theories (Massey University, n.d.).
Longitudinal studies can again be used here as an example, where researchers know it is important to
study an area, but are unsure what they will find and how they will use the results.

9.2 Strategic Questions for the Minister of Science and Innovation

Question 8: Who will review the recent restructure, when will it be done, and against what criteria?

Question 9: What policies and initiatives will MSI not carry over from MoRST?

Question 8: Who will review the recent restructure, when will it be done, and against what criteria?
Significant investments in structural changes should be assessed in order to ensure the information that led
to the change was correct, the process of change was effective, and the benefits and risks were anticipated.
This ensures lessons are learnt and the system adjusted (where necessary) to optimise benefits. All
significant structural changes should be required to include an assessment within two to five years of their
introduction, to ensure policy analysts and other interested parties have the opportunity to learn from the
process undertaken. At this stage, there is no evidence that such a review has been planned even though the
OAG recently suggested to the Education and Science Committee that a review be undertaken of the recent
amalgamation of MoRST and FRST (see discussion in Section 3.5). The Institute recommends that the
Minister of Science and Innovation mandate a full, independent review to be completed within five years

112 See footnote 105.

113 Lanzatech is an Auckland-based company that uses microbial fermentation to convert industrial waste gases into biofuels and valuable chemicals.
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of the restructure, and that the results of this review are made publicly available. Smaller, specific reviews
should be done at regular intervals focusing on structural changes as they are implemented.

Question 9: What policies and initiatives will MSI not carry over from MoRST?

With a change in strategy and structure, one would expect there to be some programme areas that are not
carried over or pursued. In researching this topic we found it difficult to determine what policy initiatives
under MoRST are no longer relevant to the new institutional structure. We consider that a comprehensive
list of disestablished initiatives would give a greater level of insight concerning the strategic focus of the
changes and would enable the science community and the public to better understand what programmes
have been disestablished in order to pursue new policy and research opportunities.

9.3 Strategic Questions for the Ministry of Science and Innovation

Question 10: How will MSI address the needs and wants of the public?

Question 11: How can MSI drive long-term outcomes for the government-funded science system?
Question 12: What research infrastructure is necessary to meet our long-term needs?

Question 13: How can Matauranga Maori be progressed in a modern, funded research context?

Question 14: How can society have faith that decisions by the two MSI investment boards are independent, based
on evidence and in the public interest?

Question 15: What are MSI's reporting obligations to stakeholders?

Question 16: Has the Crown Research Institute experiment worked?

Question 17: How can investment decisions by Crown Research Institutes be made more transparent?
Question 18: What level of funding is best for science in New Zealand?

Question 19: What method of funding is best for science, contestable or core funding?

Question 10: How will MSI address the needs and wants of the public?

Neither MoRST’s Igniting Potential nor MSIs Statement of Intent place sufficient emphasis on defining the
needs of New Zealanders. To achieve the vision of ‘high-performing science and innovation systems improving
New Zealanders’ wealth and well-being’ (see Section 6.3), a better understanding of the many diverse needs
and wants of New Zealand’s population is critical, meaning there is a need for greater dialogue between MSI
and the public. Ensuring information about changes in structures or the development of new initiatives is
publicly accessible, and ensuring information is clear and readily available are both critical to establish a

114

relationship between MSI and the public.

Question 11: How can MSI drive long-term outcomes for the government-funded science system?

While changes in structures and systems over time are usual, the Institute believes that the inability to find a
management structure that has longevity is a long-standing weakness in New Zealand’s science system. With
continual changes to the science structure, there is the risk of institutional capabilities and knowledge being
lost. Ways in which MSI can be sufficiently flexible to respond to the changing landscape, yet disciplined enough
to stay focused on its strategy and apply best practice, are likely to be a significant challenge. MSI must seek out
ways to identify and meet the needs of New Zealanders in a cost-effective and transparent manner, so that
New Zealanders continue to trust and support this investment in science.

114 An example of a recent initiative that achieves this goal is the CRI Toolkit, accessible through the MSI website (see MSI, 2011h). This tool
provides a comprehensive description of the relevant legislation, governance, planning and reporting mechanisms, monitoring and indicators and
wider operation at CRIs.
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Question 12: What research infrastructure is necessary to meet our long-term needs?

As discussed in Section 7.3.3, research infrastructure is a key enabler as it provides a strong platform from
which the science sector can deliver long-term benefits to society. New Zealand is a small nation with a
limited pool of resources; therefore it must think carefully as to how best to invest its infrastructure dollar.
The government is tasked with a number of difficult questions: deciding when investment in large-scale
research is necessary, and then establishing where best to make that investment. The government is currently
refocusing on this area, but any investment plan must take a long-term view and include a set of criteria for
judging investments, a comprehensive assessment of all options (e.g. outsourcing to other countries and/or
developing public/private partnerships) and clear linkages to the six priority investment areas.

Question 13: How can Matauranga Maori be progressed in a modern, funded research context?

As discussed in Section 7.3.4(i1)) Matauranga Maori refers to the knowledge that was brought to Aotearoa
by tapuna Maori (MoRST, 2006¢) and further developed during their period of isolation on these islands
and in response to the arrival of European settlers. The various theories of European science are a product
of the application of what is generally referred to as disciplinary-based ‘scientific method’. Matauranga
Maori is also the result of the application of methods that are generally considered to be very different to
those employed by European scientists. Our report on the shared goals of Maori (SFIL, 2010b) highlighted
the importance of preserving and progressing this alternative epistemology. Given this research we
believe that New Zealanders, now and in the future, will benefit from both protecting, understanding
and building on this knowledge base. Given these long term goals, a further question is how science
management and funding policies might be advanced to produce future outcomes of this kind?

There seems to be two key priorities. First, science administrators need to create space for Matauranga
Maori to grow and develop in its own way - not in a way that is dictated or shaped by Pakeha
epistemologies. Second, there is the question of just how Maori and Pakeha researchers are empowered
to work together in a manner that honours and protects their respective knowledge traditions while
producing outcomes and outputs of mutual benefit to all New Zealanders.

Concerning the first priority outlined above, the creation of a separate space to retain and build
Matauranga Maori is different from the goal of integration (i.e. priority number 2) that is currently being
pursued by the government. Vision Matauranga has recently been integrated across MSI’s investment
priority areas (2010); a Vision Matauranga Capability Fund has been established (2010), and Vision
Matauranga has been incorporated into the CRIs’ Statements of Core Purpose (2011).1** Effectively
integrating Matauranga Maori across the science sector, beyond assuming a merely symbolic status,
requires a clear set of guiding principles to empower and protect knowledge. The Institute developed a
set of guidelines for undertaking and understanding Maori-focused research in A Methodological Approach
to Maori-focused Research and identified twelve guiding principles (SFI, 2009¢c). The second goal, which is
arguably the most urgent, requires the creation of a space for the Maori world view to be protected and
built upon. For example, Mason Durie, Professor of Maori Research and Development & Assistant Vice-
Chancellor (Maori) at Massey University, states:

Indigenous world-views, indigenous values and indigenous system of philosophy, technology and healing

have become part of the indigenous legacy. Although it is often positioned in the past, and is sometimes

valued because of its antiquity, indigenous knowledge has applications to modern times as it provides
framework for understanding and exploring current and future worlds. (Durie, 2003: 277)

Question 14: How can society have faith that decisions by the two MSI investment boards are
independent, based on evidence and in the public interest?

Section 10 of the Research, Science, and Technology Act 2010 sets out the functions and duties of the
boards of innovation and science. These relate to ‘... funding decisions on proposals for specified RS&T
funding referred to it’ (s 10(4)(a)). Without mention in the Act of advisory functions, it remains to be seen

115  ‘CRIs are now required to enable the innovation potential of Maori knowledge, resources and people as part of their operating principles’ (MSI,
20124).
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what this role entails. There needs to be more clarity concerning the scope of any advisory role and how
it fits in with the Ministry’s obligations to government. Further, the new structure places a great deal of
power and responsibility in the hands of a few, with little clarity concerning checks and balances over the
decisions made or the policy advice provided. Vote Science and Innovation states:

Two boards, a science board and an innovation board-comprising leaders from these sectors have been

established. The boards will make independent funding decisions and will advise MSI and Government on
the shape and direction of the science and innovation sector. (Treasury, 2011c: 270) [Bold added]

The approach outlined above is an abdication by the government of its responsibility to ensure funds are
invested effectively. The government should give the boards a clear investment mandate and investment
criteria including guidance on its appetite for risk. The boards should invest within this criteria and need
to ask permission to go outside it. This approach is similar to the criteria and balance factors previously
applied by FRST."¢ The total funds available to the two boards in 2011/2012 amounted to $329,863,000
(SFL, 2011c: 4).'7 If the boards are going to be allowed to make independent funding decisions and
provide policy advice to MSI and the government, New Zealanders need to have confidence that they

are operating in an open and transparent manner. Each board must be continually assessed in terms of its
overall composition as well as the quality of the individuals around the boardroom table and the decisions
they make. In particular, board members need to disclose all potential conflicts of interest (e.g. ownership
of patents, shares, licenses, board memberships) in a public register, past business dealings should reflect
best practice, expertise should be relevant and useful, and ethical codes of conduct should be agreed and
applied (see Working Paper 2011/15: SFI, 2011c).

The boards would benefit from the inclusion of one or more members who are outside the science industry
but who have proven expertise in board governance and portfolio management. It is critical that experienced
investment management expertise is on both boards, but in particular the Innovation Board. This is to assist,
debate and deliver a perspective of risk versus return that would otherwise be lacking. The boards should also
be comprised of people with a track record of proven success. This would have the advantage of mitigating
the potential for group-think through the presence of ‘independent’ members, while also encouraging best
practice. Although the MSI investment boards are not considered to be boards under the Companies Act
1993, we believe members should consider accreditation under the New Zealand Institute of Directors as a
way of raising corporate governance standards (IoD, n.d.). Furthermore, we note that one person is both
chair of one board and a member the other. We believe the position of chair is too important for that person
to also be a member of the other board. If a joint membership is desired, this should be maintained through

two shared board members, in order to ensure the power of one individual does not dominate decisions.

In addition, each funding investment must be transparent and easy to track over long periods of time.
Under FRST, investment decisions were difficult to track, and linkages between the investment dollar
(inputs) and research reports (outputs) have been, at best, problematic to define. The need for research
reports to be published has been raised by the Prime Minister’s Chief Science Advisor. Professor
Gluckman believes that a level of quality assurance and peer review should be required of all internally
purchased research; that research must conclude with the publication of formal reports, and that results
should be accessible to the public in a government-wide register of datasets and research report summaries.
Most importantly, Gluckman considers there should be a default position whereby all research reports
are in the public domain unless there are security issues or other overriding concerns (OPMSAC, 2011b:
15). Increased accessibility to science publications would increase public trust in the government-funded
science system and enable the public to understand and support future investments in science.

116 Under FRST, external advisory groups assessed proposals against assessment criteria and then FRST considered all proposals against a range of
balance factors to select those in which to invest. These were: cover all the important research topics and priorities in a research area; do not
duplicate research; support teams that are important for New Zealand’s research capability; include a range of short and longer-term research;
support a wide range of industries; address critical questions for New Zealand, and support research that will benefit Maori (FRST, n.d. [a]).

117 There is a crossover in the funds available to each board; therefore, separate figures as to the available funds for each board are not available.
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Question 15: What are MSl's reporting obligations to stakeholders?

Under New Zealand’s previous science systems, external advisory boards have been used to provide
independent advice on investment decisions to the board (FRST, n.d.[a]). The extent to which the two
new MSI investment boards are accountable to stakeholders, whether they be government, industry, the
science community or the wider public, remains unclear. Unlike private sector boards or CRIs, neither
board is subject to the obligation under s 208 of the Companies Act 1993 to prepare annual reports within
five months of balance date. In particular we note that the latest MSI annual report does not provide any
insights into the investment strategy of either of the two investment boards, nor any information on how
their performance will be measured or reported upon (MSI, 2011d). This information is of significant
interest to the public and we find the lack of disclosure concerning. Uncertainty around the current level
and frequency of reporting exists and this must be resolved before the government-funded science system
can convey trust and lead change.

MSI should be a leader in government reporting. Science is a key economic growth platform of the
current government and therefore should report information that is accurate, comprehensive and
meaningful, so as to inform and support changes in public policy. Further, benchmarking and indicators
need to be reported in a timely manner to provide the earliest possible warnings should a situation arise
to which the Minister, ministry, sector and society must react. Further, as science becomes increasingly
integrated, so will reporting.

In pursuit of an integrated science system, the Institute suggests that MSI adopt the emerging reporting
standard known as integrated reporting. The International Integrated Reporting Council (IIRC) is leading
the development of a global framework for Integrated Reporting. The IIRC defines integrated reporting as
the following:
Integrated Reporting is a new approach to corporate reporting that demonstrates the linkages between an
organization’s strategy, governance and financial performance and the social, environmental and economic
context within which it operates. By reinforcing these connections, Integrated Reporting can help business

to take more sustainable decisions and enable investors and other stakeholders to understand how an
organization is really performing. (IIRC, 2011)

Integrated reporting focuses on the linkages in an entity’s behaviour and therefore supports the case for MSI
reporting against its Statement of Intent. The link between MSI’s Statement of Intent, MSI’s annual report
and the Ministry’s strategies should be strongly emphasised and reported on. The annual report should
also include a list of all strategies (large and small) that have been signed off by the Minister, in order for
stakeholders to understand not only what MSI has done in the past, but what it plans to pursue in the future.

Question 16: Has the Crown Research Institute experiment worked?

In terms of investment, it is important to be able to assess whether the establishment of the ten CRIs

in 1992 met expectations. Have they greatly enhanced the ability of transfer technology to users (see
discussion in Section 3.3)? Many clearly do not think so. There is a concern that the CRIs do not generally
interface well with business, and that scientists and technologists working in those institutes believe what
they do is more important; their passion is to create knowledge not profits. The cultures do not naturally
align. Arguably, a successful entrepreneurs!®® tend to focus on creating great products and services and the
profits follow, which is perhaps a more palatable way to view the interface.

The funding of CRIs has long been a vexatious issue in the science system. The 2010 Crown Research
Institute Taskforce resulted in a major change to the way in which CRIs are funded, with the introduction
of core funding. The Taskforce recommended that less emphasis be placed on contestable processes as
a way to drive improved performance, as recommended by the 2007 OECD review of New Zealand’s

118  Steve Jobs, former CEO of Apple, goes to great lengths to make this point: ‘My passion has been to build an enduring company where people
were motivated to make great products. Everything is secondary...products not profits was the motivation ... It’s a subtle difference, but it ends
up meaning everything: the people you hire, who gets promoted, what you discuss at meetings’ (Isaacson, 2011: 567). New Zealand examples of
this approach include Peter Jackson and Sam Morgan.
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innovation system (OECD, 2007a). The Taskforce accepted that contestable, open access to funding needs
to remain an important element of Vote S&I funding, but that this should be on a smaller scale and the
proportion of contestable funding should be reduced. Moves toward greater core funding for CRIs, and
the resulting increased security of funding, may begin to address scientists’ concerns about interruptions
to funding noted in the 2008 Survey of New Zealand scientists and technologists (Sommer, 2010).

The other major concern raised by CRI scientists and technologists in the 2008 Survey was that
‘bureaucratic accountability, management and red tape’ was a problem. These opinions were collected
before the merging of MoRST and FRST, but raise issues about the culture of science in New Zealand
and whether bureaucracy is necessary in order to make optimal decisions. It is important to understand
whether those who identified this as one of the two most important issues at the time were more
concerned with overly onerous bureaucratic accountability, management and red tape, rather than its
existence at all. Indeed, it is essential that there are strong accountability and management structures

in place, especially where inputs and outputs need to be closely monitored. For example, the ability

for corporates to calculate risks, undertake due diligence and assess the risks against the benefits is
fundamental to success. Concerns were raised about the lack of good investment practices by CRIs over
genetic modification, raising questions over whether some CRIs had the necessary expertise to undertake
effective due diligence before undertaking investments. AgResearch funding of genetically modified cattle
research is a case in point (SFI, 2008d). Poor investments are not only an inefficient use of money, but
they have the potential to create additional risks to the environment, our national brand, and therefore
our economy. There is also the cost of the lost opportunity. For example, what if AgResearch had invested
those funds in pest management, what environmental and economic benefits could we now be reaping?

The tension between what scientists think is important versus what business think is important may explain
why CRI scientists are generally dissatisfied. They sit between central government, who are perceived as
wasting their time through bureaucratic red tape, and businesses who are seen as not actively pursuing their
services. This may also explain why, in the 2008 Survey of New Zealand, CRI scientists believed that:

¢ New Zealand science is not heading in the right direction (53.5%)
e Government should not set the research agenda (37.3%)
e Interruptions to research funding is their most important concern (49.3%)

e They would not recommend research as a career to New Zealand youth (73.3%). (Sommer, 2010: 3)

When the 2008 Survey was undertaken, it appears the CRI model was not working for anyone. Arguably
the original reason why CRIs were established, to transfer technology to users, has been lost over time
and there is a risk that the recent changes in the method of funding CRIs is driven to provide job stability
for the CRI community rather than to transfer technology to users. Designing a system to meet the needs
of those engaged in the process, rather than end users, creates a form of moral hazard; not unlike what was
experienced in the recent Global Banking Crisis that began in late 2007.

We believe that the changes to date are improvements, but do not go far enough. Further work is
necessary to provide CRIs the right platform to deliver on outcomes that improve wellbeing. In
particular, we believe the purpose of the eight CRIs does not align with the six priority investment areas.
Ideally, they should be merged to form three entities: a biological development arm (a combination

of AgResearch, Plant and Food, and Scion); a high-value manufacturing and services sector (HVMSS)
development arm (IRL), and an environment research arm including energy and minerals research,
hazards and infrastucture research and environmental research (a combination of ESR, Landcare, NTWA
and GNS Science). Further, the current Health Research Council could become a CRI, creating a fourth
arm focused on health and society.

Internationally there is some support for merging research providers. The Japanese government has
recently approved a merger of prominent research organisations in order to enable world-leading
science and technology research, while at the same time minimising administrative costs. The aim is to
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consolidate the RIKEN network of basic-research laboratories with the National Institute for Materials
Science (NIMS), the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), the National
Research Institute for Earth Science and Disaster Prevention (NIED), and the national funding body Japan
Science and Technology Agency (JST). The government also intends to set up a third-party audit system
to evaluate administration and performance more strictly (Fuyuno, 2012).

The CRI Taskforce was asked to assess ‘any alternative or additional initiatives that could be taken to
strengthen the CRI model, including the merits of reconfiguring the number and scope of CRIs’ (CRIT,
2010: 59). The report does not go into any detail as to how they made this assessment, but the Taskforce
did state that it rejected any moves to change the numbers at this stage:
8.7 In our view, and in the view of the CRIs we interviewed, the cost savings that might result from mergers
would be unlikely in themselves to justify the costs associated with the change. The Taskforce was unable

to find evidence that cost savings in overheads would in themselves justify merging one or more CRIs and we
do not recommend any such action.

8.8 We anticipate that there will be a continuing need to rebalance the capability held within the CRIs and
across the whole science system, as new opportunities, threats and problems arise. The system needs to be
more dynamic and responsive to national needs. The question is not how many CRIs New Zealand should
have, but what structures will best provide research services that address the problems New Zealand faces.

8.9 Rather than make a one-off decision about number and scope, we recommend an incremental approach, as
Government reviews the purpose and role of each CRI. Strategic need should drive any rebalancing, not cost-
saving. Decisions to rebalance or merge CRIs should reflect both ‘top-down’ direction from the Government
about its requirements and ‘bottom-up’ information from the CRIs and their stakeholders about ways to deliver.
(CRIT, 2010: 51)[Bold added]

There is little apparent evidence in the report to support these recommendations. It does not explain

what alternative models were identified, nor what criteria and information was used to make such an
assessment. Developing an optimal system requires a wider and broader conversation; hence it is difficult
to feel satisfied with the CRIT recommendation when the alterative merger models, time frames, potential
costs savings and the cost of implementing any changes are not transparent. We believe a strategic review
deserves more in-depth consideration, especially in light of the need to align science research with the

six priority investment areas to improve funding and accountability mechanisms and foster better
relationships with central government and industry.

Another way in which CRI performance could be better monitored would be to add another reporting
Minister to the governance structure of each CRI In addition to reporting to the Minister of Science and
Innovation and the Minister of Finance, CRIs could be required to report to the minister most closely
aligned with the area in which they operate: for example, the Minister of Agriculture and Forestry for the
biological development CRIs; the Minister of Economic Development for the HVMSS CRI; the Minister
for the Environment or the Minister of Conservation for the environment research arm, and the Minister
of Health for the health and society CRI. Direct consultation with the relevant ministry could lead to
sector research plans or high-level research agendas that are far more insightful and useful than the MSI
Advisory Sector Plans, as they would be driven by what ministers and policy analysts want, and allow
them to engage early in the process so that science does indeed shape policy.

Lastly, we suggest the percentage of core versus contestable funding be assessed in terms of the market
for each CRI. In Section 7.3.4 we discuss changes to the CRI funding process, and suggest that the

CRIs in the biological development arm and the HVMSS development arm, both described above,
receive a target percentage of core to total funding from government of about 45%. This is in contrast

to the environmental and social development arm, which we believe should receiving around 75% of
their funding as core funding. Such a distinction is important because there is little direct correlation
between investment and profit in social and environmental research, meaning it is not often an attractive
proposition to profit orientated entrepreneurs to undertake environmental and social research. Such
research takes many years of hard work to deliver outcomes that are useful, as indicated by the 12 years
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required to extend New Zealand’s continental shelf,"? hence the higher percentage is recommended to
ensure stable funding matches long-term research projects, ensuring long-term knowledge and expertise
is retained for the length of the project. The percentage of health and society funding would need to be
considered more closely if a CRI were to be created in this area, as reccommended above.

Question 17: How can investment decisions by Crown Research Institutes be made more transparent?
Increases to core funding will allow CRIs greater decision-making power over which of their projects
receive funding. Essentially, greater trust is being put in individual CRIs to determine the best use of
funding in the long term. However, this new model of funding could lead to a lack of accountability in
decision-making around research. This creates a risk that CRIs could become the ‘gatekeepers’ for research
funding in core areas (Kilkenny, 2010).

While core funding provides CRIs with greater scope for long-term thinking and enables them to
determine where funding can be best spent, there needs to be mechanisms to ensure potential conflicts
of interest are addressed. This needs to be built into the reporting requirements, and the new set of
accountability measures currently in development.

It will also be critical that the CRI monitoring unit within MSI is empowered to scrutinise the performance
and collaboration of CRIs as a whole and not just individually, so that system-level issues are identified
and understood. MSI will also need to be active in encouraging a sense of national leadership across all CRIs.

Question 18: What level of funding is best for science in New Zealand?

The real challenge is to accept that government-funding for science is a scarce resource, and therefore

to be funded to undertake science research on behalf of the country is a privilege. George Whitesides, a
professor of chemistry, wrote in the Economist that we are seeing the emergence of cost-conscious science,
what he calls frugal science. Frugal science is designed to ‘generate knowledge (and technology based on
knowledge) with costs as an integral part of the subject” (Whitesides, 2011). Filters are necessary to ensure
New Zealand invests its scarce resources well.

Funding has been identified as a key enabler in the science system. However, the issue of science funding
presents a complex problem split between two core concerns: the amount per capita (see Figure 12)

and the amount of appropriation (see Figure 13). Total funding levels provide a useful indication of
government investment priorities and broader science capacity building. However, funding levels alone do
not paint an adequate picture of how funding relates to the system-wide strategic framework. The current
investment priorities have shifted towards areas with a stronger economic focus. This is understandable in
today’s constrained financial environment, but it does not address what many consider to be a significant
limitation in New Zealand’s science and innovation system - an underfunding of research in comparison
with international levels. This applies to both publicly funded and private sector R&D; ‘In New Zealand, a
better balance needs to be struck between the two types of funding to encourage the long-term efforts which
its funders wish to support’ (OECD, 2007a: 19). See also Figure 23.

Disaggregated and complex funding arrangements remain a major weakness in our country’s science
funding system. This situation results from the continual evolution of the wider system, which has led
to the creation of a labyrinth of output classes, initiatives and funds. Determining a single figure for the
number of funds to which scientists can apply was difficult. In 2010 the Institute estimated that there

120

were 42 different funding sources to which applications could be made.'® For small research providers,

keeping track of the relevant output classes and bidding avenues 1s a difficult job that requires a level of

119 New Zealand’s submission to the United Nations Commission on the Limits of the Continental Shelf to extend New Zealand’s seabed was
a result of a ten year project costing an estimated $44m. The submission was followed by a two year period of consultation and stakeholder
engagement , meaning that twelve years had passed before achieving a successful outcome. Much of the scientific evidence that supported the
project came from NIWA and GNS Science, indicating the extent to which a twelve year project needs stable, long-term financial support to
ensure knowledge and expertise is developed and retained over the length of such projects (MFAT, 2012).

120 The 42 funds were identified from MoRST output expenses, FRST portfolios, the Royal Society-administered Marsden Fund, Fulbright research
scholarships and Health Research Council of New Zealand research categories.
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human resources that is not often available. The New Zealand Association of Scientists identified the
complex FRST funding system as a key weakness of the former government-funded science system,
describing it as a ‘fragmented, complicated, changeable, and jargon-ridden bureaucracy’ (NZAS, 2008). In
order to improve the system there needs to be a high level of clarity from government concerning how
the funds are delivered and the results measured.

Question 19: What method of funding is best for science, contestable or core funding?

Universities and CRIs, which have similar research capabilities and should collaborate as much as possible,
have found themselves pitted against one another, competing for scarce funds through Vote RS&T and
conducting research in isolation (MoRST & CCMAU, 2002: 30). The result has been a competitive race
for funding in which all CRIs have noted feeling underfunded (ibid.: 29). Some analysts have gone as far as
to speak of a new ‘cold war’ between CRIs and universities (Gorman, 2007).

The government has recognised that the proportion of contestable funding in New Zealand’s science-
funding system is too high and that CRIs have been too focused on commercial returns rather than the
economic benefit of their activities to New Zealand (MoRST, 2010a: 7-8). MoRST identified a range

of funding tools to alleviate the problems of contestability and competition, which included support

for investigator-initiated excellent research, science-led contestable funding, long-term non-contestable
funding, and partnerships between research providers and research users involving co-funding (for further
details on these initiatives see MoRST, 2010a).

9.4 Strategic Questions for Universities

Question 20: How can New Zealand’s decline in international university rankings be addressed?
Question 21: How can New Zealand ensure the best university researchers are collaborating effectively?

Question 22: Do adequate incentives exist to encourage excellence in teaching within universities, polytechnics and
wananga’?

Question 23: Are there adequate incentives for post-doctoral researchers to stay and build their careers in New Zealand?

Question 20: How can New Zealand’s decline in international university rankings be addressed?

The declining ranking of New Zealand’s universities (see SFI, 2011d: 13) has widespread implications for
individual universities, the broader science system and New Zealand’s economy. If New Zealand hopes to
encourage the best research talent and the best local and international students to study here, the decline in
our universities’ international rankings needs to be addressed. While international benchmarking is subject
to some criticism, rankings have become important considerations for prospective staff and students. The
general decline across disciplines by almost all New Zealand universities may affect their ability to recruit
and retain the best students, researchers and teachers. It should be noted that in addressing declining
rankings, universities need to be careful not to over-emphasise research activity to the detriment of teaching
quality. In a university where resources are already stretched, there may be a temptation to focus heavily on
research to remedy poor international rankings. If this leads to a reallocation of resources from teaching to
research, it may be detrimental to the future of our university sector, science system, and wider society.

The government needs to recognise the central role universities play in New Zealand’s science system
and their significance to New Zealand’s wider economy, and acknowledge this through the provision of
adequate funding. Without sufficient investment, New Zealand universities are likely to remain stretched,
quality and output will continue to decrease, and declining international rankings will continue.

Question 21: How can New Zealand ensure the best university researchers are collaborating effectively?
With New Zealand universities experiencing persistent downward trends in global rankings and concerns
about levels of investment, questions arise as to their future role and structure. As each university diversifies
and attempts to expand into new fields, resources and talent become less concentrated. Until 1962, all New
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Zealand universities came under the umbrella of the University of New Zealand. However, as of 2011, there
are now eight universities teaching similar courses across a relatively small geographical space and competing
for students, staff and funding. There could be merit in specialisation within the wider university system to
allow for greater concentration of skill and expertise at particular universities and to reduce contestability.
Further, costs could be decreased by mergers, reducing the number of universities and campuses in favour of
more on-line education facilities.

Question 22: Do adequate incentives exist to encourage excellence in teaching within universities,
polytechnics and wananga?

The Performance Based Research Fund (PBRF) aims to ensure that excellent research in the tertiary
education sector is encouraged and rewarded. This reflects a global trend of governments using performance
based funding to allocate resources for research within higher education institutions (Smart, 2009).

There are significant financial gains for a university in having high-performing researchers on its staff,
meaning this funding model can result in a ‘reallocation of academics’ time between teaching and research’
(Smart, 2005: 12). It is questionable whether, in light of the pressures on staff to produce a high level

of research output for both the purpose of the PBRF and international rankings, there are sufficient
incentives for excellence in teaching.

New Zealand currently has a number of National Centre for Tertiary Teaching Excellence awards that
aim to recognise and encourage excellence in tertiary teaching and reward teaching practices that are
student-focused and committed to promoting effective learning (Ako Aotearoa, 2011). However, these
may not be sufficiently recognised or sought after in the same way as high PBRF rankings. Excellence

in teaching is therefore at risk of remaining inadequately incentivised. Further incentives in this area are
essential if New Zealand wants to inspire learning and produce future talent within the tertiary education
system. New Zealand may benefit by learning from successful initiatives overseas which have improved
the quality of teaching in universities.

Question 23: Are there adequate incentives for post-doctoral researchers to stay and build their careers in
New Zealand?

Providing adequate support for researchers early in their careers, and incentivising researchers to stay

in New Zealand, is essential to maintaining a strong and stable scientific workforce. The availability of
scholarships for postdoctoral research in New Zealand has recently attracted criticism. In 2010, FRST’s
New Zealand Science and Technology postdoctoral scheme was disestablished and replaced by the
Rutherford Discovery Fellowships. The former scheme provided a bridge for scientists who had recently
completed a doctorate and were moving into permanent employment. In an open letter to key members
of the science community,'?! 560 scientists expressed their concern about the discontinuation of the
FRST-funded Postdoctoral Fellowships and the establishment of the Rutherford Discovery Fellowships.
They stated that ‘the lack of postdoctoral opportunities for the vast majority of New Zealand early
career researchers adds to the “brain drain™ (Massaro, 2011). Further, they argued that instead of creating
new opportunities for early to mid-career researchers, currently on fixed-term contracts and in need of
employment to exercise their research skills, the Rutherford Discovery Fellowships simply provide an
‘additional boost [to] a select few researchers, most of whom already have permanent positions in New
Zealand research institutes’ (ibid.). The result is that the new scheme fails to incentivise early to mid-career
researchers to stay in New Zealand and thus fails to achieve its stated objective.

Shaun Hendy, a former FRST Postdoctoral Fellow who is currently Deputy Director of the MacDiarmid
Institute for Advanced Materials and Nanotechnology, voiced a similar objection, describing the change as
counterproductive and failing to support new, up-and-coming talent in New Zealand. Hendy states:

121 The letter was addressed to the Minister of Science and Innovation, the Prime Minister’s Chief Science Advisor, the Chief Executive of the Royal
Society of New Zealand, the Chief Executive of MSI, the Royal Society of New Zealand, the Tertiary Education Commission, the Selections
Committee of the Rutherford Discovery Fellowships and Science New Zealand.
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[Along] with the axing last year of the Bright Futures Top Achievers Scholarships, New Zealand has backed
away considerably from the support of our best and our brightest during their early development as
scientists. | struggle to see the justification for this in a country where we are increasingly going to have
to rely on developing and retaining talented individuals ... While | strongly acknowledge the need for the
Discovery Fellowships, | am very disappointed at the loss of the NZ S&T Post-Doctoral Fellowships. New
Zealand needs both. (Hendy, 2010)

To remain globally competitive and retain top talent, New Zealand needs to provide adequate support

for scientists early in their careers, or risk losing them to countries where lucrative scholarships are
readily available. In its 2011 Statement of Intent, MSI sets out its intention to undertake a full review of the
Rutherford Discovery Fellowship scheme before December 2012; however, in response to these concerns
from within the research sector, the Ministry announced it would be bringing the review forward (MSI, 2011i).

9.5 Strategic Questions for the Science Community

Question 24: What impact will a reduction in contestable funding have on independent research organisations?
Question 25: How can we increase collaboration between research institutions?

Question 26: How can we improve linkages between businesses and research institutions?

Question 27: How can the public be confident that a Code of Ethics is being applied?

Question 28: What is the optimal composition of the science workforce?

Question 29: How can we promote science as an appealing career path for students?

Question 30: How can foresight be embedded in central government?

Question 24: What impact will a reduction in contestable funding have on independent research
organisations?

A large amount of funding for CRIs has moved from short-term contestable funding to long-term core
funding. However, reducing the pool of contestable funding may detrimentally affect the funds available
to independent research organisations. Gillian Wratt, chair of the Independent Research Association

of New Zealand (IRANZ), expressed the organisation’s concern to the CRI Taskforce (CRIT), stating:
‘Long-term capability needs are an issue across the whole science sector. The present administration of
the Capability Fund benefits the CRIs at the expense of other research organisations. This is particularly
so when investment is diverted from contestable funding portfolios to the Capability Fund’ (IRANZ,
2009). IRANZ suggested that the Capability Fund be ‘open to a broader range of “accredited” providers
of public good science. In addition to building and supporting capability, the fund should be designed to
promote collaboration and stakeholder involvement’ (ibid.). However, this was not a recommendation
of the Taskforce, and core funding has not been expanded to a broader range of providers. The Institute
believes that independent research organisations have a key role to play in New Zealand’s science system
and could be supported through greater levels of collaboration and alternative means of funding.

Question 25: How can we increase collaboration between research institutions?

A key focus of the 2009 CRI Taskforce report was improving collaboration between CRIs and the wider
science system, 1.e. universities and business. Core funding was established for CRIs in 2011, consolidating
CRI capability funding and some contracts held by CRIs in areas such as the biological industries,
environment and hazards, and infrastructure (SMC, 2011). This should result in more time and flexibility for
work on nationally important programmes and reduced contestability within the system, which aligns with
another key recommendation of the CRI Taskforce.

However, with the establishment of core funding, there is a risk that CRIs will not be held accountable for
their actions (see Question 17). Collaboration needs to be incentivised and encouraged, and the Institute has
concerns around how the new system will achieve this. Kate Kilkenny, Executive Advisor at the Independent
Research Association of New Zealand, expressed similar concerns, stating: ‘If the funding systems are to be
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less contestable in favour of more core funding to CRIs, then it is essential that CRIs have clear consistent
direction for collaboration behaviours and the use of core funding to support it’ (Kilkenny, 2010).

Question 26: How can we improve linkages between businesses and research institutions?

Statistics New Zealand and MSI, through the 2010 survey on Research and Development in New Zealand have
consulted with businesses on the type of engagement they have with universities and CRIs. The survey asked
businesses for the first time about their engagement with universities and CRIs concerning their R&D needs.
They found that of the businesses that documented expenditure in the area of R&D, 29% reported that they
had engaged with CRIs or universities in New Zealand about their R&D needs over the past two years’. This
was most commonly in the form of professional contact between staff (Statistics New Zealand, 2011b: 39).

The survey found 65% of respondents had not engaged with CRIs or universities. Asked why this was, the
common response was that CRI or university staff expertise was not needed. Other reasons included: not
being aware of how to make contact with CRIs or universities; CRIs’ or universities’ costs being too high;
CRIs or universities not having the expertise required, and contractual difficulties (ibid.: 39-40). This kind
of reporting is useful in assessing the reality of engagement and collaboration, and in learning more about
what works and what does not.'”? Future surveys and reporting will be critical in determining whether the
recent changes to the science system have improved linkages with business.

Question 27: How can the public be confident that a Code of Ethics is being applied?

Creating an effective professional standards and accountability framework that ensures transparency

and maximum disclosure of interests, within a science community that is relatively small and highly
interconnected, is a major challenge for New Zealand. There is scope for the Royal Society of New Zealand
to take a stronger role in upholding professional standards and ensuring international best practice in the
science sector. The Royal Society’s code of ethics aims to facilitate best practice but questions remain around
how standards and ethics are currently policed and can be assured throughout the science system. One option
could be to make Royal Society membership compulsory for all scientists either employed by the government
or receiving investment funds. Alternatively, the government could develop a separate code of ethics for
all scientists operating within the government-funded system. MSI and the Royal Society should be actively
encouraging a culture within the profession that recognises the rights and responsibilities inherent in the
pursuit of government-funded science, and how these responsibilities are framed, actioned and policed is an
important consideration. This issue is further discussed in Section 10.2(4).

Question 28: What is the optimal composition of the science workforce?
A strong workforce of scientists was identified as a key enabler in Section 7.3.2. The scientific community
faces a number of challenges, five of which are outlined briefly below.

(a) An ageing workforce

A performance audit report on workforce planning in CRIs found that the ageing workforce, along

with related issues regarding recruitment, retention and capacity-building of staff, will continue to be a
significant strategic issue in the future (OAG, 2009: 3). While these issues were recognised by all CRIs, few
had comprehensive workforce planning in place or included this within their strategic direction.

(b) Increasing international demand
International demand for scientists is increasing. Professor Jacqueline Rowarth explains the implications
for New Zealand’s economy as a result of the low recruitment of scientists as follows:

... a global shortfall in scientists and engineers in the next decade has been predicted. The data suggest that

New Zealand will not have the human capital it needs to drive the economic development desired. (Rowarth
etal., 2006: 5)

122 The Technology Transfer Vouchers and Technology Development Grants (MSI, 2011j) are the latest attempts to improve business R&D
performance. Industrial Research Ltd’s (IRL) competition in 2009, ‘What’s your problem New Zealand?’ also aimed to help businesses consider
how they can be assisted by research organisations (IRL, 2009).
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(c) Low satisfaction

In the 2009 paper, Doing Science in a Culture of Accountabiliry (Hunt, 2009), Dr Lesley Hunt addresses the
attitudes of scientists working at CRIs in New Zealand. Hunt’s study found that there was a high level of
cynicism, a distrust of management, and an ‘us vs them’ attitude (Renwick, 2011). The study suggests that
‘while the CRI Taskforce made some progress, there are more fundamental issues that still need to be dealt
with if New Zealand is going to get the most out of the science workforce (the CRI sector, at least)’ (ibid.).

(d) Low number of women in science

The report Women in Science: A 2011 snapshot, prepared by the Association for Women in the Sciences,

produced the following key findings:

e When science is compulsory at school, female students do well across the board but routinely choose the
biological sciences above physics or chemistry when given the option.

e Women with a BSc or PhD earn $30,000 less on average than men with the same qualification level, due to
an over-representation in lower paid jobs.

e Women are still under-represented at higher levels of University employment (Professor/Associate
Professor/Senior Lecturer) although they are gaining ground at lower levels.

e Women are also under-represented at the level of decision making and funding allocation.
e Women scientists are not gaining the same degree of recognition as males with few awarded the top prizes
in New Zealand science (AWIS, 2011).!»

(e) Reluctance to commercialise innovation

A 2009 study by the University of Canterbury’s Department of Economics titled Innovation in New
Zealand: Issues of firm size, local market size and economic geography found that while New Zealand

has strong institutional characteristics that enable entrepreneurship, this is not translated into high
performance in terms of innovation. Three key attributes were found to be impeding this transition: small
firm size, small market size, and our degree of geographical isolation (Shanggin et al., 2009: 21).

The optimal composition of the workforce must take into account emerging trends and what we want the
system to deliver New Zealand.

Question 29: How can we promote science as an appealing career path for students?

There seems little doubt that there needs to be a clear and exciting career path if we wish to improve the
quality of science generated in New Zealand. However, there is little agreement as to how to make this happen.
When reading the literature and then reflecting on how other industries develop conceptual thinking and
reward best practice, it became apparent that there are no milestones when a person moves from being a
PhD graduate to being recognised as a scientist. It is as though ten or so years after completing your PhD
you wake up one day and you are a scientist. Although understandable, this approach is not likely to
motivate our goal-oriented youth, promote science as a career or create a sense of community.

Other sectors create industry standards through membership of professional bodies, which often includes a
contract to apply standards of best practice. Once an individual has gained their academic qualifications they
need to undertake a time to learn best practice and only then, apply for the right to be called a professional,
e.g. charted accountant or a patent attorney.'** Further, the role of purposeful practice is gaining traction in
literature. As noted in Section 5.1.11, studies of talent have shown that it is practice, not intelligence, that holds
the key to success and we need to not only create milestones for students, so they know what traits it takes
to be a good scientist, but a system that demands that they gain purposeful practice towards these milestones.

In his book Bounce: How champions are made, Matthew Syed discusses the myth of talent and the power
of practice. Syed discusses the work of Anne Roe, a psychologist at the University of Arizona, who

123 In 2011 Professor Christine Winterbourn was awarded the Royal Society of New Zealand’s top science honour - the Rutherford Medal. She is
the first woman to win the medal in its 20-year history (RSNZ, 2011a).

124 For example, the New Zealand Institute of Patent Attorneys (NZIPA) is an incorporated body that represents most patent attorneys who are
registered under the Patents Act 1953, and who are resident and practising in New Zealand. The Institute is governed by its own set of rules and
a Code of Professional Conduct to ensure its members maintain a consistently high standard of professionalism at all times (NZIPA, n.d.).
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concluded that ‘scientific creativity is a function of how hard you work at it’ (Syed, 2010: 92). If this is
correct, then it is practice, not intelligence, that is the key to success. Therefore we need to create not only
milestones for students, so they know what traits it takes to be a good scientist, but a system that demands
that they gain purposeful practice towards those milestones. It would not be difficult for the Royal Society
of New Zealand to create a professional body within its current structure that managed this process,
defined milestones and established ways for purposeful practice to be achieved. Such an approach would
not only benefit those at the beginning of their careers, but would ensure that experienced scientists had a
vehicle for passing on their expertise, as such building on past knowledge for future generations.

Question 30: How can foresight be embedded in central government?

One would expect that the thinking underlying New Zealand’s critical government-funded science
strategy is built on a sound understanding of a range of possible future worlds within which New Zealand
may find itself existing. A good strategy should provide a clear pathways; it should set out a point in time
today and a point in time in the future, and set out the steps that will be necessary to get us there. This
means the vision should not be framed in today’s world, but for the world we will find ourselves living
and working in, at a specific time in the future. This is important because we know from experience that
science capability takes a long time to shape and build, therefore our strategy should aim to build the
capacity New Zealand will need in a time in the future, say 2030, not what we think we need today.

Foresight must be embedded in the intersection between the Prime Minister and the Public Service, namely
the DPMC. The case study on Singapore in Appendix 4 provides a useful example of how this can be done.
Singapore embedded foresight by focusing on three core components; scenario work (the Strategic Policy
Office), the identification and application of a number of futures tools (Risk Assessment and Horizon
Planning) and the integration of those tools and information between the Prime Minister’s Office and the
Public Service (the Centre for Strategic Futures). The Strategic Policy Office (SPO), which includes the
Centre for Strategic Futures (CSF), aims to create a forward-looking Public Service by developing strategic
planning capabilities across the Public Service in order to shape whole-of-government policy to manage
challenges in an increasingly complex environment. We consider this to be a highly compelling model.

New Zealand needs to become an intelligent country (see Section 4.2), one able to identify and respond
quickly to emerging challenges and opportunities. Foresight is the mechanism that will bring science
policy to the fore, both in terms of informing policy and informing science.

9.6 Implications for the Future

The questions above range from addressing broad areas of tension within the science in New Zealand to
specific incentive models for teaching and research. Not all these questions are able to be answered, and
certainly all are beyond the scope of this report to address fully. However, they represent gaps in a science
strategy that policy-makers must address and resolve to develop a robust science system. These questions
aim to test the assumptions underlying the current institutional framework and examine the system
linkages that are purported to deliver the desired outcomes in the future.

The policy knots listed above are not exclusive to New Zealand. Many countries are reassessing the

way that government invests in science and are looking at ways to embrace science through creating a
government-funded science system that delivers genuine value. Appendix 4 provides a brief overview of the
experience of the Singapore government. This discussion is not intended to be a comprehensive description
or assessment of Singapore’s policy initiatives; rather it aims to show that there exist common policy knots
and a range of diverse approaches to these policy knots. More detailed research should be undertaken so
that evidence-based conclusions can be drawn concerning which approach works best for New Zealand. In
order to compare countries, future research should focus on questions such as who decides on the research
agenda, who decides on the ethics, who defines well-being and who assesses the consequences?
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for New Zealand

The consolidation of the two organisations responsible for science policy and purchase, MoRST and
FRST, into the Ministry of Science and Innovation, resulted in significant structural change. However,
the government-funded science strategy remained relatively unchanged (see Table 3 in Section 3.4).
The amalgamation of the two agencies constituted an internal restructure that was designed to reduce
complexity and transaction costs, but evidence of a comprehensive strategic plan for maximising public
investment in science is yet to emerge. While institutional change is capable of delivering increased
efficiency and effectiveness, strategic change is needed if the aim is to produce different outcomes.

Further, in undertaking this report it was initially difficult to find a pathway forward. This was due to a
number of normative assumptions about government-funded science that have been built into the system,
many of which were found to be wrong or had been incorrectly applied in the current system. These
inaccuracies were often not apparent when we began our research, and have only become clear as a result
of examining the system closely. We begin this section by identifying the incorrect beliefs underlying the
current system, what are often referred to in future studies as the ‘unconscious myths that support the
entire framework’ (Inayatullah, 2000).!% These myths lead to a number of implications that need to be
considered before a new improved system can be designed. The section then revisits the nine pillars and
closes with 10 recommendations for science policy.

10.1 Myths Underlying Current Government-funded Science

Like any area of research, a number of beliefs underpin the government-funded science system. Beliefs are
essentially the underlying assumptions we hold to be true about the world in which we live. They inform
the way we think and the way we act, therefore it is important to regularly test our assumptions against
the evidence and ensure we are justified in our beliefs. Incorrect assumptions and misinformed beliefs are
important not only because they lead to wrong decisions, but also as our beliefs inform our values and those
values drive our actions. Therefore, in order to strengthen or change a system, it is critically important to
identify, test and assess existing beliefs to ensure that no unjustified beliefs are embedded in and underpin
the science system. These dangerous beliefs are often referred to in the literature as myths. Much of science
theory is based on scrutinising the dominant beliefs to assess whether dominant myths exist.

In preparing this report, it became apparent that at least four myths exist (see Table 6, column one), each
one problematic in that they are likely to incorrectly inform decisions about public policy, and science and
innovation investment. Table 6 also lists myths identified in Australia and Sweden as points of comparison.

125  Dr Sohail Inayatullah, a Professor of Political Science at the Tamkang University in Taipei, refers to this methodology as causal layered analysis.
‘In this approach there are four overlapping levels of reality - the day to day visible and objective; the systemic i.e. the parts that comprise the
issue; the worldview or the interests and perspectives of stakeholders and finally the underlying often unconscious myths that support the entire
framework.” (Inayatullah, 2000)
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Table 6: Potential Myths: New Zealand, Australia and Sweden

New Zealand

Myth 1 More New Zealand research
leads to more New Zealand

development.

Myth 2 New Zealand research informs
New Zealand public policy.

Myth 3 Science ethics are embedded
in science practice.

Myth 4 ‘Innovation’ is a useful term to
drive the government-funded

science system.

Australia

(Harris et al, 2011: 9-14)

More science and technology
will necessarily lead to

more public good. Any new
knowledge is helpful.

Because the benefits of
science are unpredictable,
we should not attempt to
steer science in a particular
direction.

Scientific information provides
an objective basis for resolving
political disputes.

Metrics of scientific quality
(for example, peer review,
journal citations) are sufficient
indication of worthwhile
investments.

Sweden
(Granberg et al, 2006: 322)

Sweden is an outstanding
nation in terms of its (relative)
volume of academic research.

The direction of academic
research is predominantly,
and increasingly, controlled
by researchers rather than by
potential users.

There is a conflict between
the support of research
controlled by researchers and
the promotion of innovation
and economic growth; to
make policy more consistent,
a larger share of academic
research needs to be directed
by potential users.

There is a distance, or

gap, between academic
researchers and industry/
society at large, in part due
to a poor attitude towards
commercialisation.

Note: The four New Zealand myths discussed in Table 6 were identified by the authors as a result of preparing this
report; hence they came directly from researching the New Zealand system. It was only in retrospect that it was
decided to extend this section and include potential myths from other countries. The myths are cited in the order they
appear in their respective papers, there is no relevance to reading this table horizontally. That in all three cases there
are four myths is simply a matter of coincidence. Further research and analysis would be beneficial, both in terms of
testing these four myths, examining other myths and then comparing these with potential myths in other countries.

Myth 1: More New Zealand research leads to more New Zealand development

There is an assumed causal relationship between the research undertaken in New Zealand and new

products and services developed in New Zealand. On this basis there is a belief that these two types of

activities need to be managed by the same people. Figure 32 assumes this model.

Figure 32: The Assumed Relationship Between Policy, Research, Development and Business

NZ Research
Objective

NZ Policy NZ Business

Objective

NZ Development
Objective Objective

Better Products More Profit and
and Services Jobs

<> <> >

Better Decisions

More Knowledge
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Instead, research undertaken in New Zealand feeds into a global pool of research and New Zealand draws
on that global pool to develop new products and services, as depicted in Figure 33. See also Figure 35,

where the implications are fully explored.

Figure 33: The Actual Relationship Between New Zealand Research and New Zealand Development

New Zealand Research New Zealand Development

Rest of World Research ‘ Rest of World Development

Myth 2: New Zealand research informs New Zealand public policy

The second myth is that government-funded research informs public policy. Gluckman, in his paper
Towards Better Use of Evidence in Policy Formations, draws a distinction between ‘policy that informs
science’ and ‘science that informs policy’. Gluckman believes there needs to be a stronger link between
policy and research so that those who provide information to decision-makers do so based on evidence.
He sees “advice on science for policy” as a major theme of his office in coming years (OPMSAC, 2011c: 2).

In the literature we found little evidence that a strong causal link currently exists for ‘science for policy’
in New Zealand. For example, Dr William Smith from the University of Auckland undertook a study
to analyse and discuss the extent to which decision-making by government in key areas of policy is
supported by effective research, and scientific and technical input. The study examined 306 papers
submitted in 1997 to either the Cabinet Committee on Education and Employment Policy (EEP) or the
Cabinet Committee on Industry and Environment (CIE). Smith found that approximately 50% of the
papers could reasonably have been expected to have included some research, but only 28% had some
evidence of this research. MoRST had only been consulted on 7% of the papers (Smith, 1998: 1).

In recent years, examples of where research has significantly informed policy have tended to be situations
where the research was sought directly by Cabinet,'? rather than through the normal channels in the
government-funded science system. So although we tend to believe that science does contribute to policy,
the evidence is that this is more myth than reality.

Myth 3: Science ethics are embedded in science practice
The third myth is that ethical frameworks are built into science practice as it is developed rather than as it
is commercialised. As a profession, the science community is generally responsive to changes after the fact.

Ethical policies should be designed with the future in mind; too often in the past ethics have been
developed after the practice has been developed, when many stakeholders have a vested interest.
Examples where ethics and business practices have collided include tobacco, automobile safety rules,
food safety, genetic testing, GM food and body-enhancing drugs. Future areas of ethics that we should

126 Examples include Cabinet’s establishment of the Office of the Prime Minister’s Science Advisory Committee and the Welfare Working Group.
Recent reports include Improving the transition: reducing social and psychological morbidity during adolescence (OPMSAC, 2011a) and Reducing
Long-Term Benefit Dependency (Welfare Working Group, 2011). The working group was established to undertake an expansive and fundamental
review of New Zealand’s welfare system. Its primary task was to identify how to reduce long-term welfare dependency, and it presented its
recommendations to the government on 22 February 2011 (ibid.).

2058 SCIENCE EMBRACED | 115



10. THE OPTIMAL GOVERNMENT-FUNDED SCIENCE SYSTEM FOR NEW ZEALAND

116

be considering now include potential new products and services such as brain-enhancing drugs and chips,
nanotechnology,'” robots, climate engineering and cloning. Science ethics tend to follow science practice,
and as such the reflective thinking is done after the discovery and after commercial interests have engaged
in the process. Ideally ethics need to inform commercialisation, which means ethics need to be considered
alongside the creative process and be embedded early, for example in the funding application process for
emerging issues, as indicated in Figure 34 below.

Figure 34 Continuum that Explores Where Ethics are Embedded

(i) Researchidea  (ii) Research application (iii) Research approved (iv) Commercial Investors  (v) Research idea applied/
or ministers and policy used/product consumed
analysts attracted to

Ethics embedded here implementing the idea

Myth 4: ‘Innovation’ is a useful term to drive the government-funded science system

Sir Charles Fleming, New Zealand ornithologist, avian palaeontologist and environmentalist, once stated
that ‘language is primary, and science would be inarticulate without the tool of language’ (Fleming, cited
in Catley, 2006: 54). Section 2.2.2 discussed the challenges of the language around science, and highlighted
concerns over the distinction between invention and innovation. Globally, the term ‘innovation’ is
frequently used in regard to science (for example by the OECD), however the reality is that innovation
means far too many things to too many people; it is not easy to define, highly fashionable, and is
frequently used outside of science. For example, the national airline, Air New Zealand, has consistently
won international awards for its innovative approach - the airline’s innovations to date are both
numerous and varied, including technical engineering, seating arrangements, ticketing deals, chef-designed
menus, customer service and marketing.!?® These are clearly all innovations, but are they all science? Weta
Workshop is another example of a company known for its innovations, in this case in computer generated
imagery and film production - but are all these innovations science?'® Science is too important to be
confused with other aspects of enterprise. The terms used to drive and debate science must be articulate
and able to be understood by all.

10.2 Recalibrating the System

Identifying the myths that underlie the current system clears the way to think more deeply about what
we now know about the current science environment. Below we briefly discuss what we know in terms of
observations and suggestions worth exploring to improve the system.

1. Tensions exist, so trade-offs necessary

The international literature provides little evidence of an optimal model for a science system, but it is clear
that a wide range of tensions exist. Moreover, to some degree these tensions have always existed, and they
are likely to continue to exist into the future. Hence designing an optimal government-funded science
system for New Zealand recognises that it will be impossible for all stakeholders’ needs and wants to be
met. Table 7 below lists a number of tensions that have been identified through reviewing the literature

and as a result of discussions with external reviewers.

127 For example the National Nanotechnology Institute sets out in its strategic plan four objectives, of which the fourth is to support the responsible
development of nanotechnology (NNI, n.d.).

128  ‘[Air Transport World’s Airline of the Year] award means that in the eyes of the judges, Air New Zealand was the best airline in the world in
the past twelve months. They praised Air New Zealand’s "industry-leading innovation and motivation of its staff", which they said resulted in
exceptional performance across the airline in market position, customer service, fiscal management and operational safety. They described Air
New Zealand as an industry trendsetter in a number of areas including product innovation and social media. Judges were also impressed with the
airline’s environmental initiatives including its commitment to operating a very young and highly fuel efficient fleet.” (NBR, 2012).

129 Weta Workshop uses a combination of traditional model-making techniques and the latest in model-making technology and equipment
(including digital 3D scanning and milling, laser cutting, 3D printing and rapid-prototyping) and continues to be nominated for and win top
awards; for example, The Adventures Of Tintin leads the Visual Effects Society Award Nominees (Cinema Blend, 2012).
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Table 7: Tensions in the Government-funded Science System
Source: Adapted from United States Congress, Office of Technology Assessment, 1991

Central research planningand o «  Decentralised research planning and
decision-making ) 4 decision-making
Centralised infrastructure ( ) Decentralised infrastructure
Political intervention (to shape the system,
( p Y ( ) Market forces (to shape the system)
e.g. targeted by goal, programme, etc.)
Welfare model (government assisted) ( ) Market model (user pays)
. - S .
Focus on senior researchers € 7> Focus on emerging researchers
Solving New Zealand-specific issues ( ) Solving global issues
Dollars for inputs (research projects) ( ) Dollars for outputs (facilities and medicine)
8 - S L
Needs of the public € 2> Needs of scientists
Large-scale research teams ( ) Many small research teams
Inventions (creation of new products and « Innovations (building on old products and
services)  * < services)
- S
Short-term research € - Long-term research
Training fewer researchersand « Training more researchers and increasing
reducing competition for funds ¢ competition for funds
Problem-solving (applied science) ( ) Mystery-solving (basic science)
. . Buying international expertise as and when
Building solid career paths € >
g P NS < needed
Non-commercial science € - Commercial science
Outcome measures: wellness and profit ( ) Output measures: patents and publications

Note: These tensions are listed in no specific order; the table simply recognises that a range of combinations and
permutations exist. The role of good governance is to try first to align the model to the purpose, then to make all
trade-offs transparent to all key stakeholders (in this case, this includes the public), with a view to inviting feedback
and setting expectations.

2. Research and development are two separate activities

This discussion relates directly to Myth 1. New Zealand development is dependent on many factors, and
is more a function of global research than New Zealand research. As noted above, research undertaken
in New Zealand feeds into a global pool, and New Zealand draws on that global pool to develop new
products and services. In addition, not all research is designed to inform development. Therefore the
actual relationship between New Zealand research and New Zealand development is more accurately
represented as two separate but interacting sub-systems, as shown in Figure 35. The dotted lines between
the two sub-systems show that a relationship exists, but it is not a strong relationship.
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Figure 35: The Actual Relationship Between Policy, Research, Development and Business

NZ Policy NZ Research NZ Development NZ Business
Objective Objective Objective Objective

More Profit and
Jobs

<>

Better Decisions More Knowledge Better Products
and Services

The implications of this reconceptualised model are significant. Rather than having one institution to
manage both research and development, the model would be redesigned so that:

e NZ Policy and NZ Research: Ministers and policy analysts should set the research agenda by defining the
information they need to drive policy, then create a system that helps researchers provide that information.!*

e NZ Development and NZ Business: The business sector should scout the globe for interesting new
products, services and research, and assesses how best to apply these new inventions or science innovations
to create benefits such as profits, market share, and other improvements. There should also be a focus on
developing a market in which independent research organisations are able to intersect effectively with
businesses, universities and government.

Furthermore, this insight could lead to changes in the way government appropriates public funds to

the science community. As noted in Section 1.2 and Appendix 3, the government currently groups
appropriations into 10 high-level sector groups, and both research and development appropriations fall
within the same sector, the Education and Science sector. Under this reconceptualised model, a more
appropriate alignment would be to separate Vote S&I into two parts, retaining research under the current
appropriation (Education and Science) as the pursuit of scientific knowledge aligns well with education,
and moving development to the Economic Development or the Health sector.

The separation of funds between research (via the Science Board) and development (via the Innovation
Board) is a step in the right direction. However, the two decision-making boards are unlikely to be as
productive as would be the case if the development funds were allocated directly to entities such as MED,
MoH, health boards, industry groups, and TradeNZ. This would allow a more market-led approach to
research; if commercial organisations want research, it will purchase it from CRIs and other research
providers, allowing the market to rule.

3. Research undertaken in New Zealand must inform public policy

This discussion relates directly to Myth 2. At the highest level, more investigation into government-
funded research is needed. In other words, New Zealand needs to research the research: how is policy
shaped in New Zealand; what research informed policy in the past (and what did not); was past research
‘sound’ (and if not why not); what research is needed to develop policy now; what research will be needed
in the future and, most importantly, in what order should future research be undertaken? The model
proposed in Figure 35 is designed to build a stronger relationship between sound research and effective
policy so that government ministers and policy analysts would have access to research that meets their
needs and enables them to make timely, accurate and relevant policy.

130 An Australian initiative working in this area is the Science Meets Policymakers conference held in February 2012. The conference was supported
by government and encouraged participants to take a closer look at the intersection between the evidence base and policy processes and to work
towards shaping a forward agenda between the research community and government (Australian National University, 2012).

SCIENCE EMBRACED 2058



10. THE OPTIMAL GOVERNMENT-FUNDED SCIENCE SYSTEM FOR NEW ZEALAND

Other initiatives also exist to help this process. Smith discusses a range of initiatives in his paper Science
into Policy: An evaluation of the use of science in policy formation. He concludes that ‘effective incorporation
of research, science and technology into policy is conditional on who defines the policy problem and
how the problem is defined” (Smith, 1998: 16). Smith suggests that there is a lack of an audit trail through
to Cabinet paper level, and that improvements may be made by departments focusing on better ways to
improve the policy advice process, so that they ‘get ahead of the game’. He is not saying an audit trail
does not exist, but that there is a lack of evidence that it exists, which aligns with Gluckman’s comments
quoted earlier. Smith also found that linkages tended to be informal, meaning services were provided

by CRIs and others without being paid for and as such were not transparent. He suggests departments
prepare their own strategy for policy research with assistance from the lead science body, in this case MSI.
Some scientists also indicated a preference for a specific science and research tick-off to all Cabinet papers,
and that there is scope to extend the current list beyond departments to include CRIs and other science
bodies to explicitly acknowledge their role (ibid.: 14-16). It would be useful to repeat Smith’s research
today, to understand if the same weaknesses still exist.

A further observation is that ‘science for policy’ could be the focus of an eighth Sector Advisory Group,
made up of 10-15 policy analysts from throughout the public sector. Together they would create a sector
research investment plan, and define and explore the policy problem (for example, through a strategy mapping
process as set out in Section 8.3). Smith notes, ‘the success of any of the suggestions ultimately will rest on
the promotion of a stronger research-science culture within the public service as a whole, and that in turn
will be promoted or hindered by the creation of such a culture among the population at large’ (ibid.: 16).

4. Ethics must be embedded early

This discussion relates directly to Myth 3. The Institute's research uncovered few examples of ethics
being embedded early in the process; rather, there has been a tendency for ethics to follow commercial
investments, delivering a situation where debate occurs after a financial stake in the outcome has been
taken. When an ethical framework is created following a discovery and after commercial interests have
engaged in the process, there is a risk that those with vested interests will lobby for the quickest pathway
to commercialisation. Ethical frameworks and values must be developed before commercialisation
occurs. This suggests that ethics should be considered and developed either before or during the research
application process. Further, institutional bodies set up to consider and develop ethics must be more
than simply an advisory body established by Cabinet Minute;"*! they must either have the right to

make decisions or be required to report to a body that has both the right and the responsibility to make
decisions over scientific and business practices. Otherwise the danger is that organisations such as ethics
committees are simply seen as short-term mechanisms to allay public concern rather than contributing to
best scientific practice and the long-term public good.

There are myriad ways in which ethics could be embedded in the government-funded science system.
Options include:
i.  Ensuring ethics are taught as part of a package of essential scientific skills at tertiary level.

ii.  Requiring members to police ethics and requiring those scientists funded by government to join a society
with a code of ethics (e.g. Royal Society of New Zealand).

iii.  Requiring a multidisciplinary approach to education and government-funded research.!*
iv.  Establishing an independent Ethics Council with effective powers of oversight.

v.  Requiring ethics to be built into funding applications.

131 For example, the Bioethics Council. The Council was an advisory body established as a Cabinet Minute in an ad hoc manner and therefore
was not embraced by the profession or the industry. It is an example of how not to set up an ethics committee (see SFI, 2008c: 83-84). It was
disestablished in 2009 (M{E, n.d.).

132 For example, the multidisciplinary approach applied by the Okinawa Institute of Science and Technology (OIST). This is an interdisciplinary
graduate school offering a five-year PhD programme in science, in which researchers conduct multidisciplinary research in five major areas:
Neuroscience, Molecular Sciences, Environmental and Ecological Sciences, and Physical Sciences (OIST, n.d.[b]). This kind of multidisciplinary
approach could include ethics research and lead to a more holistic approach to scientific inquiry.
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Global Science Community

Embedding ethics into science best practice will require both national and international co-operation as
we increasingly come across challenges that have the ability to significantly disrupt and shape the world
we live in. For example, the recent situation where the Chairman of the US National Science Advisory
Board for Biosecurity recommended that research teams from Japan and the Netherlands be stopped
from publishing the precise mutations needed to transform the H5NT1 strain of birdflu virus into a human
transmissible version is a case in point. As science becomes increasingly global, so must ethics. In this
case, the researchers concerned have submitted their articles to the journals Science and Nature, although a
60-day moratorium on the publication of the research was declared to allay security fears (Connor, 2012;
Meares, 2012). The only safeguard we have is creating robust and sound science communities that develop
values and beliefs about the way they go about their business.

New Zealand Science Community

One way to embed ethics into the New Zealand science community is to review the membership
organisation/s that support scientists to assess how they are servicing the community and if obstacles exist.
Critical to creating a thriving and ethical community is scale. The membership community must represent
a significant portion of the scientific community in order to be able to set and create a culture that polices
professional standards. We do not have a final figure but the number of scientists and researchers working
in New Zealand are likely to be between 20,000 and 30,000. Many other organisational membership
societies already exist, for example, eight CRI organisations that have together established Science New
Zealand. See Appendix 7 for a more detailed discussion on the membership organisations discussed below.

The oldest and best-known organisation relevant to this discussion is the Royal Society of New Zealand. It
was set up by an Act in 1867, and in the current Act, the Royal Society of New Zealand Act 1997, s 6 states
one of its key functions is ‘to establish and administer for members a code of professional standards and
ethics in science and technology’. The latest code was issued on 25 November 2010. Only members of the
Royal Society of New Zealand must comply with the Code and members whose conduct is considered to be
in breach of the Code will be asked to account to the society for their actions (RSNZ, 2010a: 3).

To this end, it was disappointing to find the Royal Society of New Zealand has about 1200 ordinary
members and 374 elected Fellows.!> The Royal Society of New Zealand believes it represents almost
20,000 scientists overall through organisational members. 1200 ordinary members out of a possible

20,000 to 30,000 does not reflect a significant portion. Therefore there is a potential 28,400 scientists not
accountable to the RSNZ Code of Ethics. The Royal Society of New Zealand receives a significant amount
of government funding, and efforts should be made to ensure that it effectively represents the interests

of scientists in New Zealand. In addition, the large number of elected Fellows (374) in comparison to
ordinary members (1200) may indicate some degree of institutional nepotism. This may explain why the
more recently established New Zealand Association of Scientists already has 246 members. Based on the
above, we make three suggestions below. By doing all three, not only will ethics be embedded early, but a
science community will be developed, the voice of scientists will emerge and a strategy to embrace science
can be unleashed.

a.  The New Zealand science community should look more closely at its membership model with a view
to removing organisational membership and establishing a society of only ordinary members with a
mandatory Code of Ethics.

b.  Every scientist or researcher that (i) receives government funds; (ii) is a public servant; or (iii) is employed
by a Crown Research Institute must become a member of this society and therefore be accountable under
its mandatory Code of Ethics.

133 The membership of the Royal Society is defined in s 9 of the Royal Society of New Zealand Act 1997, and states members consist of the
following: (a) Fellows [374 members who are Fellows], (b) Ordinary Members [1163, including Professional, Honorary and Student members],
(c) Companions [34], (d) Constituent Organisations [46], (¢) Regional Constituent Organisations [9], (f) Affiliate Organisations that are members
in accordance with section 15(2) [12], (g) Honorary Members [included in (b) above] and (h) Honorary Fellows [included in (a) above]. Figures in
brackets were retrieved from the RSNZ website as at February 20, 2012.
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c.  An annual survey of ordinary members should be conducted in order to assess the current government-
funded science system, gain a detailed understanding of the needs and wants of the science community and
identify emerging issues. It is timely to research the researchers so that obstacles are removed; emerging issues
identified and engaged with early, so that we can truly embrace science in the 21st century.

5. Public trust in science is fundamental to success

A social contract exists between the public and the science community, and the stronger the relationship
between the two, the more likely it is to result in public good science that increases the well-being of New
Zealanders now and in the long term. It is vital that the public have the space and opportunity to engage
with scientists on areas of interest and that scientists are aware of their responsibilities to communicate
effectively with the public.

6. Not all science is good science
Effective filters must be put in place to ensure the system delivers science that is robust and contributes to
the well-being of New Zealanders. Underlying this is the need for a clear understanding of what ‘well-

being’ means in this context.

7. A new language to drive science is necessary

As discussed in Section 2.2.2, ‘science’ is a broad term that can be used to cover everything. On its own it is
not an action word that is able to be assessed or measured. In contrast, terms such as economic development
and scientific inquiry refer to specific activity that has the ability to pull communities together to work on
common goals. Stakeholders may therefore like to reconsider the primary language that is used to describe
the overarching system, to ensure it resonates with the purpose of government-funded science.

It could be argued that the ministry overseeing the science system should not be named the Ministry

of Science and Innovation, but instead the Ministry of Scientific Inquiry. The term ‘scientific inquiry’
immediately suggests a range of questions, such as what scientific inquiry, to solve what problem or issue,
to be completed by whom, and for whose benefit? Scientific inquiry is something that can be measured,
and therefore used to drive the system.

The use of the term ‘innovation’ in both the name of MSI and its vision (‘to create a high-performing
science and innovation system’) is problematic. The observation has been made that the word innovation
has 'become almost totally meaningless and the true “challenge of our time” (Ries, 2011). Innovation

is currently a fashionable word, rather as productivity was in the 1970s. Whereas the latter was about
improving throughput, innovation is about anything that improves on an old idea (see Section 2.2.2).
Innovation should not drive science unless it can be defined, because if we cannot define it we cannot
measure it, and if we cannot measure it we cannot manage it.

8. Global demand for talent is on the rise

This assumption is generally accepted. New Zealand will need to undertake strong measures to attract,
develop and retain world-class talent. The extent to which the New Zealand science system focuses on
talent will be a major factor in its long-term success.

9. A culture of leadership is crucial

Critical to designing the optimal strategy is the necessity to create a culture of leadership that will sustain
the strategy. This is particularly important given that the institutions within the science community are
numerous, varied and not well-connected. This assumption builds on the stated purpose of MSI as the
institution responsible for developing this culture (see Section 6). In the words of John P. Kotter, writing
in the December 2001 edition of the Harvard Business Review:

Just as we need more people to provide leadership in the complex organizations that dominate our world
today, we also need more people to develop the cultures that would create that leadership. Institutionalizing
a leadership-centered culture is the ultimate act of leadership. (Kotter, 2001: 33)
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10.3 Revisiting the Nine Pillars

The previous section outlined misconceptions about the beliefs underpinning the current system and the
implications of those in terms of recalibrating the system. This section reconsiders the nine pillars in terms
of suggesting a way forward, and the findings are presented in a strategy map, see Figure 36.

Pillar 1. Mission: Why do we exist?

One way to answer the question of why government-funded science exists is to consider what would
happen if public investment in science did not exist. Historically, much of the debate over investment in
science has been about who gets what portion of the investment, rather than focusing on the problems
New Zealanders need resolved and the benefits that science can deliver. Section 6 discusses the current
mission and notes that it fails to acknowledge the nature of the investment, that it is long term, and as
such calls for an intergenerational approach. We suggest that the mission - the reason for government-
funded science - should be to improve the well-being of current and future generations of New Zealanders.

Pillar 2. Values: What is important to us?

A set of shared values is critical, particularly in times of restructuring. The shared values that drive
relationships in MSI are a “‘work in progress’, with the Ministry undertaking to provide a set of values in
the near future (MSI, 2011c: 27). This is an excellent initiative, and one that may have proved even more
beneficial before the structural changes were instigated in 2010 and 2011. We suggest six values: to be
honest (including reporting conflicts of interest);*** to discover;'*® to serve; to sustain (current and future
generations); to educate, and to be accountable (to be trustworthy, transparent, and provide assurance).
These values are intended to set the context upon which high level principles can be agreed and actioned
such as the precautionary principle.

Pillar 3. Vision: What do we want to be?

The current vision (to create a high-performing science and innovation system) is not a comprehensive

or compelling vision for the future. It fails to describe a desirable ‘state’ that scientists will be prepared to
work towards and the public will be prepared to support because of the benefits it will produce. There

is also a concern over the terminology used in the vision. It assumes that all innovation is beneficial and
that innovation is a goal in itself rather than simply a means to achieving the vision. We suggest the

vision should be that science contributes to making New Zealand a sustainable nation; ensuring socially
responsible economic development while protecting the resource base and the environment for the benefit
of future generations.

Table 8: The Proposed Purpose of the Government-funded Science System

Mission To improve the well-being of current and future generations of New Zealanders
Values To be honest (including reporting conflicts of interest)

To discover

To serve

To sustain (current and future generations)
To educate
To be accountable (to be trustworthy, transparent, and provide assurance)

Vision in the Year 2058 Science contributes to making New Zealand a sustainable nation

134 As New Zealand’s science system is small and integrated, individuals frequently find themselves in dual positions, hence the acknowledgement
and the reporting of such conflicts is critical in order to ensure not only optimal decisions are made but are seen to be made.

135  One external reviewer considered this value was not useful and suggested in contrast ‘to be collaborative’, while another suggested this value
should be more rigorous and suggested ‘to be seen to be free of conflicts of interest’.
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Pillar 4. Strategic intent: How will we get there?

Since the proposed mission is to improve the well-being of current and future generations of New
Zealanders, it is important to understand exactly what well-being means. Human Resources and Skills
Development Canada (HRSDC) analyses well-being in terms of 10 different domains: learning, work,
housing, family life, social participation, leisure, health, security, environment, and financial security
(Policy Horizons Canada, in press: 5). While government-funded science has the potential to impact on
all of these domains, some show a clear cause-and-effect relationship with scientific investment. Of the 10
domains listed above, four will deliver significant improvements as a result of science investment; learning,
health, environment and financial security. This led us to the belief that the focus of the government-
funded science system should be to deliver on four key areas. These key areas are discussed in turn below,
drawing on some of the tensions shown in Table 7 (Section 10.2).

(i) To inform public policy

The government must have a clear view of what information is needed to make better decisions. There is
little insight into how the current system might inform public policy or how the government might gain
clarity over what the public needs from science. The exception is the paper by the Prime Minister’s Chief
Science Advisor, where advice on science for policy is seen ‘as a major theme in coming years’ (OPMSAC,
2011c: 2). Gluckman’s paper invites a wide discussion as to how this might happen.

(ii) To improve the physical and mental health of New Zealanders

The system must be clear about the nature of the specific problems and then establish how best they
might be addressed. Should the research dollar be spent on specific research, medicine, facilities or
training? To what extent will the market model deliver the outcomes that are wanted and needed by
society? To whom, when and where should the welfare model (welfare assistance) be adopted versus the
market model where the user pays? In what order should the research take place? Hence, the resulting
strategy should provide guidance to decision-makers and the public alike as to not only the nature of the
research problems being investigated, but when research results can be expected. We believe the current
system fails to gain the level of financial support and focus one would have expected. For example,
although there 1s a Health Research Council, it does not report to MSI, nor is there a Crown Research
Institute (CRI) that focuses on health, meaning research and development in health is at best on the
periphery of the system.

(iii) To create more financial security for New Zealanders

Is the goal to create more jobs or to create more wealth? If the goal is to create more wealth, further
tension is created if it is easier to create more extreme wealth in the hands of a few (inequality) versus
more equal wealth in the hands of many (equality). Will the goal be achieved through exports by
companies in the Top 200 or the work of SMEs? In each case the strategic objective needs to be clear at
the outset in order to drive behaviour and for progress to be measured. Rather than referring directly to
wealth creation, we believe the strategic intent should focus on making New Zealanders financially secure,
with well-being assessed in terms of indicators such as savings, secure jobs, distribution of wealth, training,
career paths, financial stability and sustainable growth over the long term.

(iv) To contribute to solving global problems

A recent trend has been the need and desire for countries to work together to contribute to solving global
problems (see Sections 4 and 5). The tension in the optimal strategy arises where New Zealand-specific and
global problems are not well aligned. New Zealand should ideally contribute expertise in areas where it
has developed a high level of expertise, such as food production.

Pillar 5. Drivers: What will we focus on?

In 2009 MoRST identified six priority investment areas to drive the system (see Table 9 below). All six
priority investment areas are very broad, arguably too broad to be useful. For example, it is very difficult
to think of areas that would not be included under one of the six priority areas, raising the question of
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whether they are in fact priority areas at all, or simply divisions (see discussion in Section 8.3, in particular
Porter's paper: What is Strategy?). Notably, only one of the six priority areas focuses on health.

Table 9 lists the four key areas the Institute believes might deliver more robust benefits, although in
reality this exercise demands much more detailed research than has been undertaken here. The objective
of Table 9 is to show a way to link the strategic intent to potential drivers. The aim is to guide policy
analysts, researchers, investors and decision-makers and inform the general public as to what the system
will focus on.

Table 9: Strategic Intent and the Six Priority Investment Areas

1. 2. 3. 4, 5. 6.
High-value Biological Energy and Hazards and | Environment Health and
manufacturing | Industries minerals infrastructure society
and services
sector
(HVMSS)

Six Priority
Areas (as per
the current
system)

i. Toinf bli
i pt;llir:yorm public v v v v v v

ii. To improve
the physical
and mental v v v
health of New
Zealanders

iii. To increase

the financial v v v

security of New
Zealanders

iv. To contribute
to solving global v v v
problems

Pillar 6. Enablers: What frameworks, resources and skills will we use?

Enablers implement the strategy, hence once the strategic intent and drivers are agreed, the next step is to
clarify how each enabler will support the overall strategy. For more discussion on what this could look
like, see the detailed discussion on each of the enablers in Section 7.3.

Pillar 7. Targets and initiatives: What will we need to do?

This report does not explore targets and initiatives in any detail, as this would not be useful until the
strategic intent and drivers of the system have been agreed. However, Section 8.1 provides a brief outline
of current initiatives that are likely to be further expanded when the strategy is developed by MSI. What
we would strongly argue is that there needs to be a clear link between the purpose, the strategy and the
targets and initiatives that are finally agreed.

Pillar 8. Performance indicators: How will we know we are successful?

Again, this report cannot explore the necessary performance indicators in any detail, as the earlier aspects
of the strategy have not been confirmed. However, an extensive discussion of possible performance
indicators is contained in Section 8.2, and these indicators are noted in Table 11 below.

Pillar 9. Strategy map: How will we test and communicate the strategy?

A strategy map aims to test and communicate the strategy. In testing the strategy the aim is to ensure that
internal and external cohesion exists (see discussion in Section 8.3) while in communicating the strategy
the aim is to ensure that all stakeholders understand how their actions contribute to its achievement.
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Figure 36 shows the linkages that need to exist within a strategy to make it effective and efficient. It

does not aim to be a full and final strategy, as this would require agreement over the strategic intent and

drivers. Only after this agreement has been reached is it possible to add detail over how the enablers

will make the strategy happen and how the targets and initiatives will act as instruments to drive change

and measure performance. However, it does indicate why a strategy map is useful to both test and

communicate strategy.

Table 10: The Proposed Strategy of the Government-funded Science System

Strategic Intent

Strategic Drivers

Enablers

(i) To inform public policy
(i) To improve the physical and mental health of New Zealanders
(iii) To increase the financial security of New Zealanders

(iv) To contribute to solving global problems

(i) To inform public policy

Focus on public policy that matters to New Zealanders; examples include health, wellbeing,
education, welfare, social equity and diversity; water irrigation and fertiliser management;
pest eradication; earthquakes (before, during and after); green energy; marine management,
and science infrastructure.

(i) To improve the physical and mental health of New Zealanders

Focus on managing and resolving child obesity, diabetes, rates of suicide, alcohol abuse
and child abuse, which require specific research strategies to inform public investment and
measure performance.

(iii) To increase the financial security of New Zealanders

Focus on providing a diverse range of niches that create long-term jobs and secure exports.

(iv) To contribute to solving global problems

Focus on support for Pacific neighbours, including climate science, food and water
management, medical care and research. New Zealand could also be a repository for
information on climate change, such as sea change and its impact in this part of the world,
including Antarctica. Collaboration with Australia and others could lead to significant science
infrastructure investments in areas such as telescopes, seed banks, and pandemic research.

Institutional framework, scientists, research infrastructure, funding, and regulatory framework

Table 11: The Proposed Strategy Execution of the Government-funded Science System

Targets and
Initiatives

Performance
Indicators

Strategy Map

2058

Servicing the needs of the public, training scientists in scientific inquiry and ethics, reinforcing
sound science, policing junk science, providing open data, open innovation, and foresight.

Input monitoring: Reporting on the government investment dollar, assessing the utilisation
and life of science infrastructure, assessing the quality and quantity of scientists, following
business research and development.

Process monitoring: The cost of the research dollar.

Output monitoring: The quality and quantity of publications, the quality and quantity of
patents, and the commercialisation of science outputs.

Outcome monitoring: Improvements in trust and improvements in well-being.

Figure 36 is an example of a strategy map, bringing together the nine pillars mentioned above.
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Figure 36: An Example of a Strategy Map for Government-funded Science

([ amis . . .
Mission: To improve the well-being of current and future generations of New Zealanders )
Values:
o To be honest To sustain
2 . :
o (mclydlng To discover To serve (SUiE To educate Lgles
=X conflicts of and future accountable
= interest) generations)
o
Vision for New Zealand in the Year 2058: Science contributes to making NZ a sustainable nation.)
Strategic Intent: )
(i) To inform public (if) To improve the (iii) To increase the (iv) To contribute
policy physical and financial security to solving global
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s, | Strategic Drivers:
o
[7)
=)
S Scouting the world
) Educating young for i 9 Green technology Sustainable food
eople or |c.ieas and- and energy production
P developing foresight
Enablers:
Institutional _ Research . Regulatory
Framework " SEBMIGE “Infrastructure AU H Framework
NS J
o )
Targets and Initiatives:
c Cohesive society Clean streams Green economy Healthy society
o
=
=
8 | Performance Indicators:
X
w A t of A t of carb
A el T mount o mount of carbon o
Gini co-efficient exports $ emissions % of green energy %o Unemployment
NS J

Note: This strategy map aims to show the internal cohesion within the strategy. The horizontal dotted lines show

the horizontal integration between ideas, while the vertical lines indicate the linkages between the purpose and the
execution. The dashed lines represent the high-level linkages between strategy and performance indicators. This map
is provided for discussion and to show what a useful tool a strategy map can be. However it must also be assessed

in terms of external cohesion and how it fits within the probable, possible and preferred futures. See discussion in

Section 8.3.
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10.4 Recommendations for Science Policy

This report seeks to contribute to a deeper discussion on science in society and the role of government in
science. Countries that have significantly improved well-being through science have done so, not simply
because of the level of funds invested, but because their governments’ chose to think strategically. They
used their investment as a lever to drive change, precisely and meticulously responding to the events
around them. Developing a sound strategy for a dynamic and complex system is not easy, but intelligent
countries do so through seeking engagement across government, policy analysts, scientists and researchers,
and society. Their pathway to success is to identify feasible strategic options, select the best strategy,
communicate that strategy and then implement and monitor progress - all with a view to optimising

the public’s investment in science. Critical to embracing science is to put sound and robust science at the
intersection where scientists and society meet. This final section recommends ten actions that we believe
together would propel the current system into action.

Foresight

Embedding foresight into central government has proven to be a critically important tool for shaping
the government-funded science research agenda in Singapore. New Zealand would benefit from the
establishment of a unit within the DPMC to increase the government’s awareness and preparedness for
the future. Such foresight will not only indicate where opportunities exist, but will dictate the type of
research infrastructure New Zealand should be developing, the type of expertise required to drive this
investment and the necessary regulatory frameworks required to manage risks and intellectual property.

Values and ethics

A set of shared values that are easily discoverable, understandable, and encourage engagement with the
general public, are critical to ensure that trust is built on a stable and unifying framework. For this to
happen there must be a ‘will’ by the profession and its employers to uphold and champion these values
and to embed these shared values and ethics into their everyday practice. Figure 36 identifies the six values
we believe are important. Ethical policies should be designed with the future in mind; too often in the past
ethics have been developed after the practice has been developed, when many stakeholders have a vested
interest. For example with increasing demands on resources, the Continental Shelf and Antarctica are
areas where values and ethical practices need to be developed now for future exploration.

Well-being

MST has stated its intention to contribute to the well-being of New Zealanders. Developing a shared
understanding of what improvements to well-being might look like is a critical component to realising
this objective. Well-being is an evolutionary concept, one that must be developed by each successive
generation in terms of the political, social, economic, environmental and cultural climate at the time.

We believe a well-being project is necessary along the lines of the Canadian study that aims to redefine
progress in terms of well-being (Policy Horizons Canada, in press). Such a project is necessary to drive all
policy and to make it clear what improvements we are working hard to achieve.

Governance over the research agenda

Strategic intent acts as the key link between the mission, values and vision, and the initiatives that will
drive change in the government-funded science system. However, our current focus in the current
strategic intent appears to focus on New Zealanders’ financial security. While this is a critical factor in
achieving the vision of delivering well-being to current and future generations, there are three other
areas that are equally important: informing public policy, improving health and solving global problems.
We recommend that each of the four areas should have a high-level research agenda that describes what
the public investment will deliver. This description should make clear how each of the six ‘priority
investment areas’ can be directed to achieve the four areas of strategic intent. This agenda should be signed
off by Cabinet annually so that it aligns the public investment with existing and emerging issues. MSI
should be required to report annually against the research agenda in detail.

2058 SCIENCE EMBRACED | 127



10.

128

THE OPTIMAL GOVERNMENT-FUNDED SCIENCE SYSTEM FOR NEW ZEALAND

The profession

The science community, at a national level, should consider how best to represent the profession. There are
at least 20,000 researchers and scientists in New Zealand, but only a small number are represented directly
by a scientific membership organisation. The majority are instead represented through the organisations that
employ them. Science, more than most professions, needs a safe place to discuss, debate, peer review, advocate
and integrate science. Experts will not always agree, and it is the science community that creates the place for
best practice to be agreed, complaints managed, problems defined and resolved, and mysteries explored.

Enablers

The current government-funded science system tends to focus on the middle of the strategy pyramid in
Figure 1, rather than aligning the whole pyramid. Further, there seems to be a tendency to respond to
problems by changing the institutional framework rather than dealing with the less obvious enablers, such
as the profession and the regulatory framework.

Terminology

The current language around the government-funded science system, and science generally, is inconsistent.
MSI should undertake a project to develop a comprehensive glossary of the language that supports the
government-funded science system and place it on their website. This would enhance the ability to
effectively discuss, debate and drive science. Such language needs to be precise, articulate and particular so
that it can be used to develop a strong mission and vision statement. We consider MSI would benefit from
becoming the Ministry of Scientific Inquiry rather than of Science and Innovation.

Outstanding questions

Scientific inquiry is at the heart of sound science, yet the sector is not always good at applying this inquiry
to the funding that is the life-blood of science, nor to the research agenda and the research outputs and
outcomes. A number of outstanding questions exist, meaning that we need to research the research. Section
9 identifies 30 questions that address gaps in the science strategy, test the assumptions underlying the
current institutional framework and examine the system linkages that are purported to deliver the desired
outcomes in the future. Policy makers must address and answer these questions in order to develop a robust
and flexible government-funded science system capable of engaging with emerging issues.

Execution

Delegation of funds and responsibility for how those funds are used will only work if a clear strategic
intent is established and a clear measurement framework is put in place to monitor and benchmark
progress over time. This would reveal whether performance is improving, goals are being achieved, and
further changes are necessary. CRIs in particular need such a framework, as the method by which they are
now funded requires greater clarity over the strategic intent and the metrics to assess progress. The metrics
also need to be made public so that all stakeholders are able to assess the quality of the investment.

Review

As a matter of good practice, any significant change should require a robust one-off review to assess whether
the promised benefits have been delivered and what lessons are to be learned. The Minister of Science and
Innovation should require a full, independent review within five years of the recent restructure, ideally in
2015. The results of this review should be made publicly available. This point was discussed in a recent
briefing by the Office of the Auditor General to the Education and Science Committee. Without setting
such a milestone, the opportunity to assess and recalibrate the system will be lost.

Moving towards a science policy system that rejects myths, embraces values and pursues strategy will

require both the engagement of the public and the ‘will’ of the science community. Now that the recent
changes to the institutional framework are largely complete, we hope to see a persuasive strategy developed
and communicated. One of the key findings of this report is the need for greater engagement between
scientists and the New Zealand public. This research represents our commitment to a wider debate on the
contribution that science can make to the well-being of New Zealanders, now and in the future.
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Original investigation undertaken in order to acquire new knowledge. It is, however, directed
primarily towards a specific practical aim or objective. (University of Oxford, 2011)

Experimental or theoretical work undertaken primarily to acquire new knowledge of the
underlying foundations of phenomena and observable facts, without any particular application
or use in view. (University of Oxford, 2011)

Experimental or theoretical research to acquire new knowledge with no particular application
in mind. (FRST, n.d.[b])

Inter-institutional research networks, with researchers working together on commonly agreed
work programmes (TEC, 2009a). The role of the seven current CoREs is to support leading edge
innovative research of an international standard that fosters excellence and contributes both
to New Zealand’s national goals and to knowledge transfer (MoRST, n.d.[a]). CoREs focus on the
development of human capital, so they undertake outreach activities (for example, within the
wider education system). CoREs make a contribution to national development and focus on the
impact of their research. (TEC, 2009a)

[The] transfer [of] research outputs to end-users, either through existing businesses or where
necessary through the creation of new commercial entities. (MoRST, 2010a: 19)

A contestable market is one in which the following conditions are satisfied: a) there are no
barriers to entry or exit; b) all firms, both incumbent and potential entrants, have access to

the same production technology; c) there is perfect information on prices, available to all
consumers and firms; d) entrants can enter and exit before incumbents can adjust prices. In
contrast to perfect competition, a contestable market may have any number of firms (including
only one or a few) and these firms need not be price-takers. The analysis of contestable markets
is designed for cases in which the existence of scale economies precludes a large number of
competitors. (OECD, n.d.)

Funding science ‘through contest-based investment processes’. (FRST, n.d.[a])

This funding was transferred into CRI core funding in 2011/12. (Treasury, 2011e: 118)

Core funding refers to direct funding by the government to enable CRIs to deliver their stated
core purpose (see Appendix 8) in accordance with their strategy, as outlined in a Statement of
Corporate Intent. (CRIT, 2010: 11)

Departmental output expenses are payments for the cost of producing the goods and

services that a department is to supply to the government to contribute to outcomes that

the government wishes to realise (Office of the Clerk of the House of Representatives, 2010:
459). These goods and services consist of policy advice, regulatory functions, inspection and
administrative services and generally the ‘core’ activities of government (ibid.). Within Vote
S&I, Budgeted Departmental Output Expenses comprise spending in the following areas: Advice
and Support on Shaping the Science and Innovation System (Science and Innovation Contract
Management, and Strategic Leadership in the Science and Innovation Sector) and Cross Agency
Research. (Treasury, 2011c: 271)

Research into technologies that might be used in multiple ways across different industries or
other sectors. Enabling technologies are designed to accelerate the development of technology
platforms. These are technologies that a wide range of sectors can use. The platforms are

built on a core of expertise, knowledge and infrastructure (such as equipment) that can help
research users, such as industry. (MSI, 2011k)

Systematic work, drawing on existing knowledge gained from research and/or practical
experience, which is directed to producing new materials, products or devices, to installing
new processes, systems and services, or to improving substantially those already produced or
installed. (University of Oxford, 2011)

Government-funded science refers to all New Zealand science research undertaken with financial
support from government. (See Section 1.2)
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Term Definition

innovation Innovation is the process that translates knowledge into economic growth and social well-
being. It encompasses a series of scientific, technological, organisational, financial and
commercial activities. Research is only one of these activities and may be carried out at
different phases of the innovative process. (Australian Research Council, n.d.)

An innovation is the implementation of a new or significantly improved product (good or
service), or process, a new marketing method, or a new organisational method in business
practices, workplace organisation or external relations. (OECD, n.d.)

invention An invention discloses an operational method of creating something new. (Maclaurin, 1953: 102)

kaitiakitanga Guardianship, trusteeship, resource management. (Kawharu, 2002: 399)

large scale Scientific equipment (and services to deploy the equipment) that is defined by its large size

research and extent, its ability to enable complex experimentation, and its capability to service research

infrastructure demands at national or even international level, rather than only at institutional level. Such
infrastructure is technically advanced and typically expensive to buy and operate. (MoRST,
2010d: 17)

mauri Life force. (Kawharu, 2002: 399)

non-departmental  Refer to goods and services purchased by a Minister from a provider that is not a government

outputs department. For example the Minister of Social Welfare purchases services for the public from
community-based providers and voluntary groups. Crown entities are often providers of these
nondepartmental outputs. (Treasury n.d.[b])

organisational An organisational innovation is the implementation of a new organisational method in the
innovation firm’s business practices, workplace organisation or external relations. (OECD, n.d.)
outcome Impacts on, or consequences for the community of the outputs or activities of the Government.

(Treasury n.d.[b])

output expense A group of outputs that deliver a common set of goods or services; for example, the
Environmental Research output expense. (MoRST, 2010k)

outputs Outputs are goods and services purchased by the Crown from departments and other entities.
Outputs range from policy advice to the administration of contracts and grants through to the
provision of specific services. (Treasury n.d.[b])

patent A patent is a right granted by a government to an inventor in exchange for the publication of
the invention; it entitles the inventor to prevent any third party from using the invention in any
way, for an agreed period. (OECD, n.d.)

policy for science The role of government in decision-making that affects the conduct of science. (Harris et al.,

2011: 2)
precautionary Principles according which:
principles e Renewable resources should not be used in excess of their natural regeneration.

¢ Non-renewable resources should be used prudently and efficiently with care that the same
function is available to future generations, say by technological development or shift to use
of renewable resources.

e Sink functions should not be used beyond their assimilative capacities.

e Activities which cause deterioration in service functions should be avoided or at least
minimised. (OECD, n.d.)

priority In December 2009 Cabinet set out what it referred to as the new science priorities for
investment areas government-funded science, and these came into effect on 1 July 2010 (MoRST, 2010l). They
included six priority investment areas for research outcomes: high value manufacturing and
services; biological industries; energy and minerals; hazards and infrastructure; environment,
and health and society.
Note 1: These areas are also referred to in various government documents as ‘priority research
areas’ (Landcare Research, n.d.: 8, 10, 12), ‘priority research outcome areas’ (MoRST, 2010l),
and ‘research areas’ (MSI, 2012b). For the purposes of this report we have used the term
'priority investment areas'.
Note 2: The use of the word ‘priority’ is arguably misleading in that the intent seems to be to
divide science research into subsets rather than prioritise one area of science over another.
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GLOSSARY

A process innovation is the implementation of a new or significantly improved production or
delivery method. This includes significant changes in techniques, equipment and/or software.
(OECD, n.d.)

A product innovation is the introduction of a good or service that is new or significantly
improved with respect to its characteristics or intended uses. This includes significant
improvements in technical specifications, components and materials, incorporated software,
user friendliness or other functional characteristics. (OECD, n.d.)

Broadly defined as imposition of rules by government, backed by the use of penalties that are
intended specifically to modify the economic behaviour of individuals and firms in the private
sector. Various regulatory instruments or targets exist. Prices, output, rate of return (in the form
of profits, margins or commissions), disclosure of information, standards and ownership ceilings
are among those frequently used ... Regulations may also be enacted to prevent excessive
competition and protect suppliers from unstable output and low price conditions, to promote
employment and more equitable distribution of income. (OECD, n.d.)

Research means scientific research; and includes scientific development and related services.
(CRI Act 1992, s 2)

Scientific and technological innovation may be considered as the transformation of an idea
into a new or improved product introduced on the market, into a new or improved operational
process used in industry and commerce, or into a new approach to a social service. (OECD, n.d.)

Creative work undertaken on a systematic basis in order to increase the stock of knowledge,
including knowledge of man, culture and society, and the use of this stock of knowledge to
devise new applications. (University of Oxford, 2011)

Includes high-cost facilities or equipment needed to support New Zealand’s research and
science capability. (MoRST, 2010e)

Science: the field of study which tries to describe and understand the nature of the universe in
whole or part. The field of study or discipline that we call Science is spelled with a capital “S” as
it is a proper noun in this use while science with a small “s” is the application of this discipline.
(Siepmann, 1999)

The role of science in informing a wider range of policy decisions. (Harris et al., 2011: 2)
Decisions or processes that affect science. (Harris et al., 2011: 2)

Smart Ideas is a contest of ideas, designed to drive innovation and an entrepreneurial culture
in the national research portfolio. Supporting novel ideas and emerging research capability is
intended to continually challenge and refresh the national science portfolio. Smart Ideas does
not apply to the Health and Society RfPs. (MSI, 2011k)

Targeted research supports research programmes that meet a specific objective. These
objectives are aligned with national research priorities in the six sectors MSl is investing in.
(MSI, 2011k)

[Tlechnology means the practical application of scientific principles and knowledge. (Income
Tax Act 2007, LH7, s 5)

A triadic patent family share common priorities and are consolidated into a single patent family.
(Trilateral, n.d.)

A tertiary institution that caters for Maori learning needs — established under the Education Act
1990. (Moorfield, 2010)

Well-being in made up of 10 areas or domains: learning, working, housing, family life, social
participation, leisure, health, security, environment and financial security. (Policy Horizons
Canada, in press: 5)

Genealogy. (Mead, 2003: 370)

The essential expression of whanaungatanga between a wider cosmology, peoples,
environmental properties and lands, where all entities are therefore interrelated and
interdependent. (H. Smith, personal communication, November 18, 2009)
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Abbreviations

Abbreviation

AHELO
AWIS
BERD
cC
CCMAU
comMu
CoRE
CRI
CRIT
CSIRO
CSNZ
DAC
DARPA
DIA
DoC
DPMC
DSIR
EPA
ERMA
ESR
FRST
FTE
GBAORD
GDP
GERD
GETS
GM
GNS Science
GUF
HBR
HM
HRC
HRSDC
HRST

HVMSS

Assessment of Higher Education Learning Outcomes
Association for Women in the Sciences

Business Expenditure on Research and Development
Creative Commons

Crown Company Monitoring Advisory Unit (now COMU)
Crown Ownership Monitoring Unit

Centres of Research Excellence

Crown Research Institute

Crown Research Institute Taskforce

Commonwealth Science and Industrial Research Organisation (Australia)
Citizen Science New Zealand

Development Assistance Committee

Defense Advanced Research Projects Agency
Department of Internal Affairs

Department of Conservation

Department of Prime Minister and Cabinet
Department of Scientific and Industrial Research
Environmental Protection Agency

Environmental Risk Management Authority

Institute of Environmental Science and Research
Foundation for Research, Science and Technology
Full Time equivalent

Government Budget Appropriations or Outlays for R&D
Gross Domestic Product

Gross Expenditure on Research and Development
Government Electronic Tenders Service

Genetic Modification

Institute of Geological and Nuclear Sciences Ltd
General University Fund

Harvard Business Review

Her Majesty’s

Health Research Council

Human Resources and Skills Development Canada
Human Resources in Science and Technology

High Value Manufacturing and Services Sector

Intellectual property
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Abbreviation

IPONZ
IRANZ
IRL
IRO
KAREN
MAF
MED
MFAT
MfE
MoE
MoRST
MSD
MSI
NASA
NBR
NC
NDHA
NeSI
NIWA
NNCC
NSDS
NSF
NSP
NZAS
NZHDEC
NZI
NZMEA
NZSX
NZTE
OAG
OECD
OIST
OPMSAC
PBRF
PCE
PMSP

PwC
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ABBREVIATIONS

Intellectual Property Office of New Zealand
Independent Research Association of NZ

Industrial Research Limited

Independent Research Organisation

Kiwi Advanced Research and Education Network
Ministry of Agriculture and Forestry

Ministry of Economic Development

Ministry of Foreign Affairs and Trade

Ministry for the Environment

Ministry of Education

Ministry of Research, Science and Technology
Ministry of Social Development

Ministry of Science and Innovation

National Aeronautics and Space Administration
National Business Review

NonCommercial [licence]

National Digital Heritage Archive

New Zealand eScience Infrastructure

National Institute of Water and Atmospheric Research
National Network of Centres for Commercialisation
National Sustainable Development Strategy

National Science Foundation

National Science Panel

New Zealand Association of Scientists

New Zealand Health and Disability Ethics Committee
New Zealand Institute

New Zealand Manufacturers and Exporters Association
NZX Stock Exchange

New Zealand Trade and Enterprise

Office of the Auditor General

Organisation for Economic Co-operation and Development
Okinawa Institute of Science and Technology

Office of the Prime Minister’s Science Advisory Committee
Performance Based Research Fund

Parliamentary Commissioner for the Environment
Prime Minister’s Science Prizes

PricewaterhouseCoopers
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Abbreviation

R&D
RCGM
REANNZ
RIAG
RS&T
RSNZ
SciSIP
SEM

SFI

SMC
SME
SPEaR
SSC
SSRG
STAC
STEP
TEC

TEO

TPK
UCONZ
UNDESA
Vote RS&T
Vote S&I

WTO

Research and Development

Royal Commission on Genetic Modification

Research and Education Advanced Network New Zealand
Research Infrastructure Advisory Group

Research, Science and Technology (as in Vote RS&T)
The Royal Society of New Zealand

Science of Science and Innovation Policy

Single Economic Market

Sustainable Future Institute

Science Media Centre

Small and Medium Enterprise

Social Policy Evaluation and Research

State Services Commission

Social Sciences’ Reference Group

Science and Technology Advisory Committee

Science, Technology, and Economic Policy

Tertiary Education Commission

Tertiary Education Organisations

Te Puni Kokiri

University Commercialisation Offices of New Zealand
United Nations Department of Economic and Social Affairs
Vote Research, Science and Technology

Vote Science and Innovation

World Trade Organization
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infrastructure as well as providing advice and support across a range of other projects. Rory holds a first
class honours degree in Sociology. He completed Dr Peter Bishop’s course in Future Studies and presented
the results of the 2011 StrategyNZ: Mapping our Future workshop with a panel at the 2011 World Futures
Conference in Vancouver. Rory provided editorial and research support for this report
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Appendix 2 External Reviewers

Dr Sharon Adamson BA (Rutgers University, USA), PhD (Cambridge, UK) is Strategy Manager in the
Policy Branch of the Ministry of Agriculture and Forestry.

Dr Janet Bradford-Grieve ONZM, FRSNZ, BSc (Hons) (University of Canterbury), PhD (University of
Canterbury) is a retired emeritus researcher at the National Institute of Water and Atmospheric Research

(NIWA) in Wellington.

Dr Anthony Cole Dr Anthony Cole BA (Hons) 1st class, PhD (Massey University) is a transdisciplinary
researcher, educator and director of Pansophy Limited.

Roger Dennis is a foresight and innovation consultant based in New Zealand. He is part of the core team
for Future Agenda, the world’s largest open source foresight programme. Dennis co-led the 2007 Shell
Technology Futures programme for the GameChanger team.

Professor Harlene Hayne ONZM, BA, MS (Rutgers, New Jersey, USA) and PhD (Rutgers, New Jersey, USA) is
Vice-Chancellor of Otago University and a researcher and lecturer in psychology.

Professor Jack Heinemann BSc (Hons), PhD (University of Oregon, USA) is a Lecturer in Genetics at
the University of Canterbury. He is an Adjunct Professor at the Norwegian Institute of Gene Ecology
(GENUJK), Tromso, Norway.

Sophie Howard is Senior Commercialisation Manager at VicLink, Victoria University’s commercialisation
limb. She has worked at both the Tertiary Education Commission and Pharmac.

John Lancashire QSM, BSc (Reading University, UK), MAgSc (Massey University) is a member of the Royal
Society of New Zealand Council, and an independent science strategist. He is Immediate Past President of
the NZ Institute of Agricultural and Horticultural Science.

James Palmer is Director of Strategy at MAF, where he is responsible for thought leadership in issues
confronting New Zealand’s land-based industries.

Professor Jacqueline Rowarth PhD (Massey University) holds the Foundation Chair in Pastoral Agriculture
at Massey University, is Director of Massey Agriculture, an AGMARDT Trustee and Vice-President of the
New Zealand Grassland Association. She was made a Companion of the New Zealand Order of Merit for

services to agricultural science.

Professor Caroline Saunders ONZM, BSc (Hons) (Wales), PhD (Newcastle, UK) is Professor of Trade and
Environmental Economics at Lincoln University and Director of Lincoln University’s Agribusiness and
Economics Research Unit.

Professor Phil A. Silva OBE, MA (Hons), PhD, DipTchg, is Founding Director of the Dunedin
Multidisciplinary Health and Development Study and, until his retirement from the position in 1999, was
Director of the Dunedin Multidisciplinary Health & Development Research Unit. In 1994, he was made an
Officer of the British Empire (OBE) for services to health and education.

Professor Jeff Tallon is a senior research scientist with the CRI Industrial Research Ltd (IRL). In 2009 he was
named a Companion of the New Zealand Order of Merit.

Dr Steve Thompson is current Chair of the Board at NZ MacDiarmid Institute for Advanced Materials and
Nanotechnology and Researcher at British High Commission. He is past CEO at the Royal Society of New
Zealand and past CEO at the Foundation for Research, Science & Technology.

Dr Morgan Williams MSc (University of Canterbury), PhD (Bath) is an ecologist and agricultural scientist
who served as the Parliamentary Commissioner for the Environment from 1997 to 2007.
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Appendix 4 Case Study: Singapore

Peter Ong, Head of the Civil Service in Singapore, notes that ‘Singapore has never enjoyed the luxury of
not planning for the future’. This is because it cannot ‘absorb the consequences of multiple large policy
errors’, and as such must work hard to develop strategic depth and capacity (CSFS, 2011: 2). Singapore
aims to develop this depth and capacity in a number of ways. Below we discuss three: building futures
capacity, developing research hubs and thinking strategically.

Building Futures Capacity
Conwersations for the Future, published by the Centre for Strategic Futures (CFSF) in 2011, outlines the
history and progress of Singapore’s governmental futures capacity.

Singapore began strategic planning in 1988 as an experiment in the Ministry of Defense (MINDEF)

and started scenario planning in 1991 as a tool for long-term strategic and policy development. In 1995,
these functions were transferred to the Prime Minister’s Office where the Scenario Planning Office

was established (ibid.: 10). The aim was to develop national scenarios, disseminate scenarios, coordinate
policy implications and update expertise in scenario planning and methodology. In 2003, the Scenario
Planning Office was renamed the Strategic Policy Office (SPO) and one of its first tasks was to form cross-
agency teams to coordinate strategy formation at whole of government (WOG) level. In 2004 the WOG
Integrated Risk Management (WOG-IRM) framework was developed to identify risks which could have
an impact on strategic outcomes and was in turn integrated into the WOG planning process (ibid.: 16-17).

Also in 2004 the Risk Assessment and Horizon Planning (RAHS) programme was launched as part

of the National Security Coordination Secretariat (NSCS) to explore methods and tools that could
complement scenario planning in anticipating strategic issues. With WOG-IRM and RAHS in operation,
a key remaining issue was how ‘to build a strategically agile Public Service ready to manage a complex
and fast-changing environment’ (ibid.: 19). In 2009, this issue led to the establishment of the Centre for
Strategic Futures (CFS) within the Prime Minister’s office. The centre is the ‘focal point’ for futures work
conducted by Singapore’s government (Ho, 2010). Its primary function 1s to develop the capacity for
futures thinking across all aspects of government and increase government awareness and preparedness
for the future (Goh, 2010). Conversations for the Future outlines five lessons learnt over the course of this
development:

e futures as a way to better appreciate the complexity of the present; it is not about prediction;
o futures work is never complete;
e it is more effective to show, rather than tell. Visual media has often proved more successful than prose;

e diversity is valuable, consulting inside and outside of the public sector and in and out of Singapore has
proven to be extremely useful; and

e the future is an exogenous result of a combination of trends, to which we must adjust and adapt.
(CFSF, 2011: 46-48)

Developing Research Hubs

In 1990 the Ministry of Finance in Singapore approved a plan for the development of an advanced
engineering institute to assist the uptake of research developments into the economy. This became known

as the National Science and Technology Board (NSTB). Its primary task was to transform Singapore into a
research hub. Due the high cost of cutting edge research, Singapore focused on niche research areas that were
predicted to have higher payoffs at the start of the 21st Century, such as biomedical sciences.

At the start of the new century the NSTB was renamed A*Star to reflect the focus on human talent. The
goal was to have one agency develop the R&D agenda for all of Singapore. The agenda included an A*Star
Graduate Academy to implement A*Star scholarship programmes, manage intellectual property and
facilitate technology transfer: '[t]he goal was to form a multi-disciplinary, integrated approach to research,
bringing different fields and capabilities together’ (Singapore Press Holdings, 2011a). The Prime Minister
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recently announced the Research, Innovation and Enterprise 2015 Plan (RIE2015) to achieve the vision of
Singapore becoming one of the most research-intensive, innovative and entrepreneurial countries in the world.
Singapore aims to have science innovation equate to 3.5 per cent of GDP by 2015 (in 2010 it was 2.14 per
cent). The most research intensive countries, as a ratio of GDP, include Israel (4.3 per cent), Finland (3.8 per
cent), Sweden (3.6 per cent), and Korea (3.4 per cent). Others of note include Japan (3.3 per cent), the United
States (2.8 per cent) and China (1.7 per cent). To achieve this goal, Singapore undertakes an annual survey of
the science sector in order to understand the needs and wants of its pool of 28,296 scientists and researchers
(Singapore Press Holdings Limited, 2011a; Ho, 2011). This figure has almost doubled since 2000 (Ong, 2010).

Singapore continues to emphasise the achievement of meaningful economic outcomes through public-
private collaborations, given that there are limited financial resources in the country. For example, A*Star
Biomedical Research Council (BMRC) recently established an Industry Alignment Fund (IAF) of S$600
million. Prior to this, all funding went directly to individual institutes, but under the new system 30% of
funds are now contestable, meaning institutes must now compete for a share. Three categories of funding
exist. To fall within any one of these categories applicants must: have a signed research agreement with
industry as evidence of direct industry collaboration (Category 1); work with a medical doctor who is
also a scientist (Category 2); or create technology platforms for companies to use (Category 3) (Singapore
Press Holdings Limited, 2011b; Ai-Lien et al., 2011a). Early indications suggest that the funding system
is working (Poh, 2011), although some scientists have raised concerns about the ethics of partnering with
industry, as it could lead to potential conflicts of interest. One researcher is quoted as saying:

Going to bed with industry makes us all very uneasy. Often they come, we waste a lot of time and money on

them, and at the last minute there can be a change of plans and everything is called off. Plus scientists don’t
make the best negotiators with savvy businessmen. (Ai-Lien et al., 2011a)

This issue has been discussed in the press, not only in terms of being unnecessary red tape, but also in terms of
red tape triggering a ‘whale migration’; the migration of top foreign scientists to more attractive destinations.
This raises the issue of whether there is sufficient home-grown talent to take their place when migration occurs
(Ai-Lien et al., 2011a).

It is clear that the 1990 strategy to focus on niche areas of research, in particular biomedical research,
has paid off. The biomedical sciences manufacturing output last year was $21 billion, about 8 per cent of
Singapore’s gross domestic product, from virtually nothing a decade ago [and] the sector employed 13,000
workers, and is charging towards its goal of 15,000-strong workforce and output of $25 billion by 2015 (Ai-
Lien et al., 2011b). The scientific journal Nature Medicine has reviewed Singapore’s track record and noted
that much of this success was due to:

i Focus - In 2001 the focus was about building up basic science capabilities, but five years later the focus

changed to encouraging ‘bench to bedside’ research.

ii.  Asmall and nimble administrative structure - Singapore’s small size and short history means that it has
been protected from large administrative structures, minimising obstacles to timely decision making, and

iii. Strategic engagement - a requirement for all stakeholders (including universities, ministries and other
organisations) to agree on a strategic plan which took only days to develop. (Ai-Lien et al., 2011b)

Thinking Strategically

Mr Yinglan Tan, author and head of projects at the National Research Foundation is a well-known
strategic thinker based in Singapore. Tan notes that ‘entrepreneurs who do not innovate after copying
usually do not survive’ (Tham, 2012). Tan suggests that China has an excellent strategy for growth. It
firstly ‘copies’ a rival’s business model, then hones in on the rival’s weaknesses so as to identify and create
niche opportunities. The company then uses these niche markets to build client relationships, discover
new markets and new products. He also notes that, as China excels in ‘business model innovation” and
India excels in ‘software innovation’, an opportunity exists for Singapore, with its pool of English and
Mandarin speakers, to act as broker between India and China (ibid.). Singapore is therefore thinking
strategically about its place in the world.
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Appendix 5 Wicked Problems

Wicked problems are those that arise due to a range of factors, are too big or complex for any one agency
to handle, and often have no clear solution. While diverse, they have a range of common characteristics:

e They are difficult to clearly define

o Have many interdependencies

e Attempts to address wicked problems often lead to unforeseen consequences

e Are often not stable

o Usually have no clear solution

e Are socially complex

o Rarely fall within the responsibility of any one organisation

o Involve changing behaviour

e Are characterised by chronic policy failure. (Australian Public Service Commission, 2007: 3—4)

Below we highlight several complex issues and wicked problems that are likely to be of concern (and may
provide potential opportunities) over the next 50 years, and discuss how they could impact on investment
of public monies in RS&T. This is not meant as an extensive list, but as a broad overview of potential
challenges. Although these are extremely important issues that will severely impact on the future of
science, an in-depth analysis of these challenges is outside the scope of this report.

These issues have been identified through a literature review and discussions with leading researchers. As
new knowledge is gained, new technologies emerge, and society evolves, the details associated with each
issue or challenge may change. However, we believe that the underlying challenges will remain, and so
we require a science system that is adaptable to the changing environment. The issues noted below should
be considered as a set of intrinsically linked and interrelated issues that are very difficult to separate. In
many cases funding and research, with the aim of addressing one problem, is likely to have beneficial
outcomes for another (for example, growing a high technology sector could relieve pressure on our
natural resources).

1. Climate change

Climate change, possibly the biggest ‘wicked problem’, is a significant economic and sustainability issue
for the whole world. It has a range of causal factors, and there is no agreement on the scale or nature

of the problem or effective ways of solving it (Australian Public Service Commission, 2007: 1). While
forecasts predict that New Zealand’s climate will change relatively little (and there may even be positive
impacts) compared with many other countries,'* the global economic and societal changes that are
anticipated to eventuate from significant changes in climate will greatly affect New Zealand.!*!

A changing climate will place increasing emphasis on sustainability measures. What we produce, how

we produce it, and how we transport it are already coming under increasing scrutiny from many of our
trading partners,'? who are looking for sustainable production systems. New Zealand firms will need not
only to use sustainable practices but document the environmental impact of their businesses. Our towns
and communities also need to be prepared for the potential challenges (e.g., transport and energy systems,
urban planning) brought by changing climate and climate forced migration. These challenges require
research to understand our natural and built environments and our social structures, so that informed
policy decisions can be implemented.

Technological approaches to mitigating and adapting to a changing climate will become increasingly
important, be they reducing greenhouse gas emissions, transitioning to renewable energy sources,

140  See Nottage et.al. (2010).
141 See, for example, Environment and Climate: Implications, reaction and response (NZI, 2011).
142 See, for example, MFAT & NZTE’s quarterly Sustainability Market Intelligence reports (MFAT & NZTE, 2011).
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redesigning transport and production systems, etc. Policy initiatives also need to go hand in hand with
technological developments (OECD, 2008c: 10).

2. Agricultural challenges

New Zealand has long been an agricultural nation, and is likely to be for the foreseeable future. However,
as Richardson et al. (2004: 25) note, ‘If natural capital is degraded, the ongoing viability of farming may
also be threatened.' In a paper presented at the Partners in Progress Dairy Summit 2009, Rowarth argues
that with increasing subsidies for agriculture in other countries, New Zealand needs to differentiate its
agricultural products from those of the rest of the world if it is to maintain a “first world living [standard
based on] a third world economy’ (Rowarth, 2009: 82). She contends that an integral part of achieving
differentiation is to minimise New Zealand agriculture’s environmental impact. Enhancing life cycle
analysis to include water use, and to incorporate research on soil (in particular soil from erosion due

to hooved livestock), plant, animal, pest management, water (quality, quantity and waste water) and

atmosphere, is the way to achieve truly sustainable production systems (ibid.: 86).#

To remain a leading agricultural nation it is not simply a matter of focusing on agriculture, but having a
clear view as to the type of agriculture and agricultural products that New Zealand can create and retain
a competitive advantage in. Competitive advantage will be more about the quality of our food and our
values than about how much we produce.

3. Diversifying New Zealand’s economy

As Sir Paul Callaghan has emphasised in his book From Wool to Weta: Transforming New Zealand’s
culture and economy (2009), a sustainable and prosperous New Zealand will need to diversify its
economy away from land-intensive industries such as agriculture and tourism. This will require
cultural as well as technological and economic changes (for example, small business owners showing
greater ambition and ability to grow and export their products and services). Knowledge-intensive
manufacturing and related services have the potential to provide high economic returns and, if
developed properly, low environmental impacts. Diversifying New Zealand’s economy will require
a responsive science system, innovative forward-looking policies and the right people to build new

industries and sectors.'*

4. Social challenges
Looking ahead 50 years, we are compelled to ask “What form might New Zealand society take?’
Population projections suggest our social demographics will alter significantly over the next 50 years.
Perhaps most significantly, by 2031 one in five New Zealanders will be in the 65+ age bracket (more than
one million in total), compared to one in eight in 2009 (Statistics New Zealand, 2009). Ethnic composition
is also changing,' which can produce changes in economic structures, labour markets, and social and
cultural attitudes and norms. The Institute’s Report 7: Exploring the Shared Goals of Maori: Working
towards a National Sustainable Development Strategy noted that:
The 2010 national ethnic population projections for the period 2006—2026 indicate that New Zealand’s
population will exhibit greater ethnic diversity in the future... resulting in a more youthful and diverse Maori
population that is projected to make up 16% of the total New Zealand population by 2026. Interestingly, the
Asian and Pacific Island populations are expected to grow at a much faster rate, with the Asian population
equal to that of Maori by 2026. In contrast, the ‘European or other’ population is both ageing and
proportionately in decline. (SFI, 2010b: 28)

The outcomes of changing ethnic composition on the economic, social, and cultural framework of
New Zealand are unknown, and are dependent on how government policy, institutions, communities

and individuals respond to the changes in our population. Research can add a useful contribution to

143 Life cycle analysis is the process of calculating the environmental footprint of every component of a product (Rowarth, 2009).
144 See Procter (2011), Enbancing Productivity: Towards an updated action agenda.

145  For example, the Asian ethnic group grew the fastest between 2001 and 2006, increasing from 238,176 people in 2001 to 354,552 in 2006 (an
increase of almost 50%) (Statistics New Zealand, 2006).
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understanding potential outcomes and can provide valuable opinion on how they can be effectively
managed under different scenarios. High-quality qualitative and quantitative social research will be
necessary to inform individuals and institutions working hard to tackle complex social problems such as
poverty, inequality, education, employment, and justice. Countries such as the Netherlands are adopting
innovative action learning programmes to understand and solve such challenges (Aalbers, 2011).

5. Public health and medical challenges

A healthy population is a prerequisite for a strong society and economy.'*® Our lifestyles have health
implications that need to be understood in order to be addressed. Diabetes, heart disease, nutrition

and obesity; smoking, alcohol and drug abuse; cancers; mental health; violence; and the impacts of
environmental factors such as housing, ethnic composition, poverty and social inequality are all complex
problems which impact on the well-being of any population. The Health Research Council uses the
New Zealand Health Strategy’s ‘Priority Investment Areas’ for research to inform the research-funding
decision-making process. Such explicit linkages between national strategies and research funding are
necessary to achieve optimal outcomes.

6. Energy transformation challenges

Energy transformation will play a crucial role in defining New Zealand’s future. The economic need to
decarbonise the economy in response to the combined influences of increasing oil prices and the rising price
of emission-intensive activities due to climate change regulation will demand innovative solutions. While
much of the R&D component of this transformation will require being a fast follower of international
research, New Zealand’s unique urban and rural layouts, electricity-generation profile and poorly insulated
housing necessitate specifically New Zealand-focused R&D to smooth the transition. Not only will this
transition require technical solutions, but it will also require social research to encourage a change of
behaviour to superior modes of urban living and transport that are both comfortable and sustainable. New
Zealand’s latest energy strategy (MED, 2011) notes the aspiration of increasing the supply of renewable
energy in New Zealand, but provides little guidance on the transition away from fossil fuels.

7. Managing our marine resources

New Zealand has a considerable marine ecosystem to manage, with sovereign rights over more than 5.7
million square kilometres of ocean floor. This is an area 22 times that of the country’s land area (MoRST,
2010a: 36). Put another way, for every New Zealander there is approximately 1.3 square kilometres of seabed

and 0.06 square kilometres of land, over which we all have rights and responsibilities.!*

This marine environment is rich in resources, such as fish, minerals, and gas, as well as having important marine
life and landscapes that need protection. Balancing exploitation and protection can be complex, particularly
when knowledge of what the resources are and how they could be sustainably managed is very limited. Policy
needs to be informed by evidence-based research, to prevent further collapses in fish stocks such as occurred in
the hoki fishery over the last decade. According to Forest and Bird’s Best Fish Guide 2009-2010, not one of the
New Zealand fisheries examined had a management plan (Forest and Bird, 2009: 6).

8. Freshwater and land use management challenges
Managing our freshwater resources is a recognised problem; the PCE, which has statutory functions under
the Environment Act to investigate environmental issues, processes and public agencies, identified water
management as a priority investment area of focus in its 2010 Statement of Intent:

Water management is one of New Zealand’s greatest environmental challenges. Freshwater has become

scarce in parts of the country, and climate change is expected to exacerbate this... A major driver of
deteriorating water quality in much of the country is the increasing intensification of agriculture. (PCE, 2010b: 7)

146 See Bell et al. (2010), Challenges and Choices: Modelling New Zealand’s long term fiscal position.

147 In 2011 the total estimated resident population was 4,405,200 (Statistics New Zealand, n.d.). 5,700,000/4,405,200 = 1.29 square kilometres of land
per person and 1.29/22 = 0.059 square kilometres of land.
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The Land and Water Forum, comprised of a range of stakeholders outside of the government with a major
interest in freshwater and land management, has begun to address some of the issues associated with water
use. In 2009, the Forum was asked by the Minister for the Environment and the Minister of Agriculture
and Forestry to advise on how water should be managed in New Zealand.!*

As our population continues to grow, demands for new energy generation increase, and farming and other
activities compete for the same land. Effective processes to prioritise and manage land use and address
freshwater challenges, which also ensure New Zealand remains economically productive, are necessary for
New Zealand’s long-term security and well-being.

9. Earthquakes and other natural disasters

New Zealand’s reputation as the ‘shaky isles’ was reinforced following the Christchurch earthquakes in
2010 and 2011. These reminded the country of the enormous social, economic and personal costs of a
major earthquake. Geological sciences in New Zealand play a major role in enabling the understanding
of fault lines and monitoring volcanic activity. ‘Understanding what causes earthquakes, where and why
they happen, is crucial to being best prepared. Although it is so far impossible to predict the exact timing
of the next big quake, scientists can work out a lot about the statistical risk and potential size of future
earthquakes’ (GNS Science, n.d.). Scientists also advise and work with standard setters on the integrity
of infrastructure and building projects across New Zealand and engage in a range of activities that seek
to minimise the damage and disruption communities suffer when hit by an earthquake. Social science is
essential to improving preparation and response to natural disasters.

10. Embedded institutional challenges

A final overarching problem is the embedded nature of the government institutional arrangements which
strongly influence how we manage and respond to wicked problems. The design of institutional structures
and processes has far-reaching implications and impacts upon how the governance model works, our legal
system, and our educational system. Solving wicked problems starts, in many cases, by considering how
our institutional set-up can be made more operationally flexible and therefore ensuring its capacity to
evolve alongside science and society.

To gain a greater understanding of New Zealand’s current government structure and its capability to
evolve successfully, the Institute’s Project Constitutional Review aims to provide research in this area and
to engage with the advisory panel undertaking New Zealand’s constitutional review.'*

148 The Forum, using a collaborative governance process, produced a report for ministers which recommends shared outcomes, goals and long-term
strategies for freshwater in New Zealand. For more information see Land and Water Forum (2010).

149  Further information on Project Constitutional Review is available on the Institute’s website, and the EmpowerNZ website (EmpowerNZ, 2011).
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APPENDIX 6 POLICY KNOTS: LINKS TO THE NINE PILLARS
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Appendix 7 The Institutional Framework

The science system in addition to the public, consists of a range of public and private sector actors, some
of which are described briefly below.

1. Ministry of Science and Innovation (MSI) and other government departments
MSTI is the government’s lead agency with responsibility for stewardship of the New Zealand science
system and its interactions with the wider New Zealand innovation system (MSI, n.d.). It both formulates
and implements science and innovation policy, as well as funding research and development activities.
MSTI was established on 20 December 2010 with the passing of the Research, Science, and Technology Act
2010. The purpose of the Act is:

a. to establish boards to make independent funding decisions in respect of the allocation of specified

expenses appropriated for the purposes of research, science, or technology, or related activities:
b. torepeal the Foundation for Research, Science and Technology Act 1990:

c. to provide for the transfer of employees, assets, and liabilities from the Foundation for Research,
Science and Technology to a new department of State:

d. to provide for the transfer of employees from the former department to a new department of State:

e. to provide for savings in relation to contracts with the Foundation for Research, Science, and
Technology, consequential amendments, and other savings and transitional matters.
(s 3, Research, Science and Technology Act 2010)

Departments such as the Ministry of Agriculture and Forestry (MAF), the Department of Conservation (DoC),
and the Ministry of Social Development (MSD) often undertake or commission their own research

using their own funds. For example, MAF administers the Primary Growth Partnership and Sustainable
Farming funds; DoC has its own science and research group. Until recently MSD allocated funding

for social research through the Social Policy Evaluation and Research (SPEaR) Committee. SPEaR is
currently undergoing a review and its funding programmes are on hold. Other government departments

and agencies also commission research.

2. Crown Research Institutes
As of 2011, there were eight CRIs charged with undertaking research for the benefit of New Zealand, and
promoting the application of the results of research and technological developments.

CRIs are legislated for and governed by the Crown Research Institutes Act 1992, the Crown Entities Act
2004, and certain provisions of the Companies Act 1993. The current CRIs are:

AgResearch (formerly New Zealand Pastoral Agriculture Research Institute)
Environmental Science and Research (ESR)

GNS Science (Institute of Geological and Nuclear Sciences Limited)
Industrial Research Limited (IRL)

Landcare Research

NIWA (National Institute of Water and Atmospheric Research)

Plant & Food Research

Scion (formerly New Zealand Forest Research Institute Limited)

© NS RN

CRIs have a mandate to maintain financial viability while carrying out their research, but are not expected
to maximise profits. CRIs have two shareholding ministers - the Minister of Finance and the Minister of
Science and Innovation. These ministers are responsible for appointing the board of directors of each CRI
in accordance with the Companies Act and the constitutions of the individual CRIs (MSI, 2011h). Further
analysis of the governance structure, accountability and reporting mechanisms, and monitoring of CRIs
can be found in the Institute’s Working Paper 2011/18: New Zealand Crown Research Institutes: Legislation,
operation and governance (SFI, 2011e).
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In February 2010, the government released the results of a review into how to enhance the value of
investment in the CRIs (CRIT, 2010). Based on this review, it announced changes to the funding of CRIs
and, in combination with findings by the State Services Commission, announced the amalgamation of
FRST and MoRST into a single agency (Mapp, 2011¢; Ryall, 2010; SSC, 2010).

The findings of the CRI review were well considered. Particularly important recommendations from the
Taskforce include: clear goals for CRIs; CRI success measured in terms of positive impact on New Zealand;
reduced contestable funding for CRIs, and improved annual monitoring (CRIT, 2010: 11-13). MSI is now

in the process of implementing these recommendations. The CRIs released ‘statements of core purpose’ in
November 2010 (MoRST, n.d.[b]) with the intention of clarifying what each should return to New Zealand
for the public investment given to it. A further analysis of the Taskforce's recommendations and their
subsequent implementation can be found in the Institute’s Report 9b: Government-funded Science 2009-2011.

The eight Crown Research Institutes foster a national constituency through Science New Zealand, which
acts and speaks on behalf of its members on agreed matters (SNZ, n.d.).

3. Universities, polytechnics and wananga

New Zealand currently has eight universities which are responsible for the provision of advanced

learning and act as repositories of knowledge and expertise. Within these universities, there is an

emphasis on obtaining high international standards in both research and teaching. Research takes place
within individual faculties and colleges, and within university research centres. Each university also has

a commercialisation entity, which is the body responsible for actively commercialising the intellectual
property developed within the university. In addition to each university’s research centres, there are
currently eight Centres of Research Excellence (CoREs) funded by the Tertiary Education Commission.
CoREs are inter-institutional research networks, which bring together researchers in particular fields from
different organisations and institutions to work on shared work programmes.

There are 20 polytechnics and three government-funded wananga in New Zealand. Their primary focus

is on teaching and training. Polytechnics have a focus on applied, practical learning. The main role of
wananga is to help Maori move into tertiary education by providing education services and curriculum
tailored toward Maori aspirations and needs. Research activity varies across polytechnics and wananga.
Unitec is an example of a polytechnic that undertakes a range of research. Otago Polytechnic and the
Wellington Institute of Technology have been nominated as R&D partners by MSI, meaning that they are
accredited to provide R&D services and expertise to businesses awarded Technology Transfer Vouchers.

The Performance Based Research Fund (PBRF) was established in 2003 as a way to ensure that excellent
research in the tertiary education sector is encouraged and rewarded. This involves assessing the research
performance of the participating Tertiary Education Organisations (TEOs) (universities and polytechnics) and
then funding them on the basis of their performance. Funding is allocated on the basis of an established formula
centred on three elements: Quality Evaluation, Research Degree Completions, and External Research Income
(TEC, 2009b). In 2010 the fund was set at $250 million a year (TEC, 2011: 5). The increased scrutiny the PBRF
has placed on the research activities of New Zealand’s eight universities has been associated with a significant
increase in research productivity at most universities (Smart, 2009). Further, high ratings under the PBRF also
often result in reputational benefits for the top-ranked universities (Curtis et al., 2005: 9).

Global rankings enable universities to be judged on the basis of where they stand in international terms:
prospective students use the rankings when choosing where to study, and universities themselves use
the rankings in setting targets and determining advertising and branding strategies (Hazelkorn, 2009: 1).
Further, given the role of higher education and academic research as drivers of economic growth and
innovation in the wider national science system, rankings are used by politicians and governments as
indicators of international competitiveness and strength (ibid.:1).
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The overall as well as the individual discipline rankings of New Zealand universities have all generally
fallen in recent years, indicating that our universities are not in line with international universities (SFI,
2011d: 10-12). In 2011 the University of Otago was the only New Zealand university not to fall in the QS
World University Overall Rankings (SFI, 2011d: 13). Further, the University of Auckland consistently
ranks the highest of all New Zealand universities across the five disciplines assessed by the QS System.

While these rankings are subject to varied criticism, as discussed in Working Paper 2011/17: New Zealand
Universities: Research activities, commercialisation and international benchmarking, universities are increasingly
recognising the need to succeed within the terms set by global ranking systems in order to build their
international reputations, attract international students and researchers, and maintain national credibility.

4. The Health Research Council of New Zealand

The Health Research Council of New Zealand (HRC) is a Crown Entity that was established in 1990 under
the Health Research Council Act 1990. The functions of the HRC, as provided in section 5 of the Act, include
initiating and supporting health research and advising the Minister of Health on national health research policy
(MoH, n.d.: 3). A portion of the government’s investment in health research is administered by the HRC,
primarily through the Health and Society Research Crown Fund in Vote Science and Innovation (HRC, 2010:
6). Health research is one of the priority research outcome areas for the government’s investment in Science
and Innovation (HRC, 2011a: 4). The HRC is responsible to the Minister of Health and the Minister of Science
and Innovation (formerly to the Minister of Research, Science and Technology) and produces annual reports
as required under clause 38 of the Health Research Council Act 1990 and clause 150 of the Crown Entities Act
2004 (HRC, 2008: 4; n.d.[a]). The HRC’s mission and vision are:

Mission: benefiting New Zealand through health research
Vision: improved health and quality of life for all. (HRC, 2010)

In its Strategic Plan 2008-2013 the HRC identified four key goals that were designed to align with MoRST’s
strategy as well as with other relevant funding and investment agencies in the health sector (HRC, 2008: 4). The
four goals are to:

1. Invest in research that meets New Zealand health needs and research that has international impact
2. Maximise the benefits of health research

3. Champion the integrity of the health research environment

4. Enhance the value of the organisation. (HRC, 2008: 4)

The funding invested by the HRC supports ‘fundamental, strategic or applied research activities in biomedical,
clinical, health services, public health, Maori health and Pacific health” (HRC, 2010: 4). The HRC also
supports the development of research careers, a safe and ethical environment for health research, and
administers a number of committees which ‘provide advice on gene technology, accredit health and disability
ethics committees and institutional ethics committees, monitor the safety of large clinical trials and review
applications to use new medicines in trials’ (HRC, n.d.[b]).

Asat 1 April 2011 the HRC was managing 337 active research contracts, and at 1 July 2011 the Council

had forward commitments to health research contracts to the value of approximately $195 million. These
contracts involved 30 different research organisations and supported a research workforce of 2300 positions, the
equivalent of 570 full-time posts. For the year ended 30 June 2011 the HRC’s revenue was $84.98 million. This
included $83.54 million from Vote Science & Innovation, $0.29 million from Vote Health, and $0.71 million
from other sources (HRC, 2011a: 2).

In the 2011/12 year the HRC planned to invest $74.54 million in four priority areas:
e New Zealand Health Delivery

e Improving Outcomes for Acute and Chronic Conditions in New Zealand
e Rangahau Hauora Maori
e Health and Wellbeing in New Zealand. (HRC, 2011b: 3-4)
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5. Independent Research Organisations

Independent Research Organisations (IROs) are non-government-owned research organisations that
complement universities and CRIs in New Zealand’s broader research landscape. These organisations
typically receive research funding from government, as well as from other sources. They tend to be small

in size and concerned with carrying out high quality scientific research, development and technology
transfer in particular areas and specialities. IROs work collaboratively with universities, CRIs and the
research departments of industrial organisations. IROs claim that their smaller size and greater flexibility are
particularly conducive to innovation and complement university-based and CRI research (IRANZ, 2011).

The umbrella organisation for IROs is the Independent Research Association of New Zealand (IRANZ),
which ensures that the collective interests of members are represented. IRANZ states that its IROs
provide over $57 million of research for New Zealand and employ over 400 FTE staff. Further, they
provide research training for 30 postgraduate students (IRANZ, n.d.).

Well-known IROs include the Cawthron Institute, Building Research Association of New Zealand
(BRANZ), the Malaghan Institute of Medical Research, Heavy Engineering Research Association
(HERA), Leather & Shoe Research (LASRA), CRL Energy, Lincoln Ventures Ltd, Opus Central
Laboratories and Transport Engineering Research NZ Ltd (TERNZ).

6. The Royal Society of New Zealand

The Royal Society of New Zealand (RSNZ) was originally established under the New Zealand Institute
Act 1867. It is tasked with the advancement and promotion of science and technology in New Zealand.
Before 1933, it was known as the New Zealand Institute; subsequent Acts, the Royal Society of New
Zealand Act 1933, 1965 and 1997, have modernised the structure of the organisation. It was originally
established to support regional research societies including the Otago Institute, the Philosophical Institute
of Canterbury, the Wellington Philosophical Society and the Auckland Institute, in publishing papers
and maintaining records of their undertakings. The New Zealand Institute published a single volume of
transactions and proceedings on behalf of these regional societies (McLintock, 1966).

Under the above Acts the stated objective of the RSNZ is ‘the advancement and promotion of Science and
Technology in New Zealand’ (RSNZ, 2009). The following is the function of the RSNZ as set out in the
Royal Society of New Zealand Act 1997.

For the purpose of advancing and promoting science and technology in New Zealand, the functions of the
Society are—

a. tofosterin the New Zealand community a culture that supports science and technology, including
(without limitation)—
i the promotion of public awareness, knowledge, and understanding of science and technology; and
ii.  the advancement of science and technology education:

b. to encourage, promote, and recognise excellence in science and technology:

c.  to provide an infrastructure and other support for the professional needs and development of scientists
and technologists:

d. to establish and administer for members a code of professional standards and ethics in science and
technology:

e. to provide expert advice on important public issues to the Government and the community:

f.  to do all other lawful things which the Council considers conducive to the advancement and promotion
of science and technology in New Zealand. (RSNZ Act, 1997: s 6)

The RSNZ is an independent statutory body whose membership is comprised of ordinary members
and honorary members, fellows and honorary fellows, companions, constituent organisations, regional
constituent organisations and affiliate organisations. The RSNZ is governed by the Society Council;
council positions are not salaried (RSNZ, 2011b: 9). Its membership covers science, engineering, social
science and the humanities. The RSNZ currently has about 1200 ordinary members and 374 elected
Fellows. Its membership also includes a number of regional branches and scientific and technological
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societies, bringing the number of scientists, technologists and technicians, argubaly representing nearly
20,000 scientists overall (RSNZ, n.d.[b]).

RSNZ is appropriated an annual grant from the Vote Science and Innovation fund. In 2011 this

was $500,000 (Treasury, 2011c: 273). The society administered 20 contestable funds on behalf of the
government in the year ended 30 June 2011, which was an increase from the 13 contestable funds it
administered in 2009 and 2010. The RSNZ received $3.5 million in the 2010 financial year from MoRST
in administration fees, a slight increase from the $3.4 million received in 2010 and $2.9 million in 2009
(RSNZ, 2010b: 16; 2011b: 16). The RSNZ also has a number of designated purpose funds, such as the
Development Fund and the Charles Fleming Fund, which it distributes as it deems appropriate.

Further, in the 2011 financial year the RSNZ received $60,000 in journal income (an increase from $52,000
in 2010), $78,000 in membership subscriptions (a decrease from $90,000 in 2010) and $303,000 through
other sources (a decrease from $436,000 in 2010) (RSNZ, 2011b: 16); (other sources may include fees for
running events and venue hire).

Of particular relevance to this report is that the RSNZ manages the Marsden Fund on behalf of the
government. The Marsden Fund provides contestable research funding for what is often called ‘blue skies’
research. A total of $53.8 million has been awarded to researchers to fund 88 projects for the 2011/2012
financial year (RSNZ, 2011c¢). In 2010/2011 it invested $60.4 million in research projects (RSNZ, n.d.[a]).

7. The New Zealand Association of Scientists

The New Zealand Association of Scientists (NZAS) is a professional body for scientists in New Zealand.
The NZAS has a membership of 246 scientists. Unlike the Royal Society of New Zealand it is an
independent non-profit incorporated society and registered charity. It exists to promote science in terms
of increasing public awareness of science, represent views of New Zealand scientisis, and encourage

scientific excellence (NZAS, n.d.[a]). The NZAS states that it works and lobbies to:

e promote science in New Zealand,

e increase public awareness of science and expose pseudo-science,

e debate and influence government science policy,

e improve working conditions for scientists, including gender and ethnic equality,
e promote free exchange of knowledge and international co-operation,

e and encourage excellence in science. (NZAS, n.d.[b])

To this end they are looking at better ways to improve the science system in New Zealand, for example

their eigth recommendations in There is a Better Way: Eight Recommendations on the Science System in New
Zealand (NZAS, 2005).

The NZAS also publishes a peer reviewed quarterly journal New Zealand Science Review.

8. Research and Education Avanced Network New Zealand Ltd (REANNZ)
Formed in 2005, REANNZ is the Crown-owned company that owns and operates New Zealand's high
capacity, high performance advanced network - KAREN (REANNZ, n.d.).

9. Private sector

This ranges from large companies (such as Fonterra and Fisher & Paykel) through to small firms and
consultancies. Many of these companies apply to and receive funding from the government for research.
The booklet Idea to Impact: Making RED work for your business (MoRST, 2009¢) describes some of the
smaller firms that are engaged in research and development.
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Leading the science and innovation ecosystem to deliver a step change to New Zealanders’ prosperity and

wellbeing (MSI, 2011b).
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Leading the science and innovation ecosystem to deliver a step change to New Zealanders’

prosperity and wellbeing (MSI, 2011b).

asodung
asodind 340D jo s,juawajels [y (1) | SIS (1)

2058



BACKGROUND

APPENDIX 8 CROWN RESEARCH INSTITUTES

(0S :TTOT ‘Yo4easaYsy)
uolfjiw £ TTS (TT/0T0T) Sutpund Ayjigede)

("pu ‘Yyouessay poo4 3 Jue|d)

'S91N11SU| Y24easSay UMo.) Jaylo
pue salISIaAIUN ‘Siaued [e1usWWod Ym

asLie s309(o.ud youeasas pspuny-0d Jo Jaquinu

e ‘Suipuny siya ySnoJayy *(£d4) swwesdoid
JJomaweld Yiuanss ueadoin ayy pue pun4
sadeyur] ASojouyds] 13 92UsIdS [BUOLRUIDIU| DY
pun4 Suiw.e4 a|qeuleisns

s,A13s2104 pue aun1nd1i8y 4o AisiulN 9y L

uoleAOUU| PUB DDUBIIS O AJISIUIN YL

2Je

Suipuny 3|qeISaIU0D JO S32NOS JULdYIUSIS ISOW Y|

'sa1}|eA0J SB YINS SALHIALIOE UOLES]|BIDIaWWOD
JUBWUIBNOS pue|eaz MaN 3y} wodj Sulpund 810D
‘Buipuny 3UsWUIANOS 3|qEeISAIU0D

S1oeJjuod |ejdJsawwod

:$924n0s Jolew
Jnoj wouJy Suipuny S9AII3U YdJeasay poo4 1 ue|d

(8 :TTOT ‘YoJeasay pood 73 1ue|d)
uol|iw €0°0TS :(TT/0T0T) Sutpund Ayjiqede)

$92.n0S Suipung (A1)

(T :0T0T ‘YoJeasay3y)

‘saAnesaduwl |e4n3nd pue [BI20S QUSWUOIIAUD
21LO0U023 Aue|eq eyl shem uj suonipuod Suiwae) Suidueyd oy

1depe 0} saskidiaiua pue ssuiunwwod [eunJ jo Ajioeded syy aseasdul e N
—
$S920€ 19yJew |eqo|d sy mou3 pue ulejuiew (T :0T0OT ‘Yo4easay3y) @
12910.d 01 9|ge SI 10103S |eJoised s puejeaz MIN 1Byl 2INSUS e ‘pUB|E3Z M3N O} SOLIOIINO B120S pue m
s1onpoJd pue swa1sAs |EIUSWUOJIAUD [B1DYBUq pue Yimous m
uondnpoJd |ejojsed [ed1Y1e pue ajes ‘9|geuleisns Aj|eauswuolIAu 21WOU02d 03 9INQIIIUOI 0} SUleyd anjeA 2
J0 JuswdolPAap 9y} Ul Japea| [eqo|3 e se puejeaz MaN uonisod e 101295 A3ojouydal-1i8e pue pooj-li3e M
Spaau J9x)JeW [eqO|3 ‘|lesoised s puejeaz manN jo Aljiqeiyoud 9
2JN1nJ pue Jua.INd 393W Jeyl swalsAs uondnpoud pue synpoud pue AyAponpoud ‘@njeA ay3 adueyua of X
paseq-|esoised anjea-ysiy jo Juswdolansp ay1 ydnoiyl Awouods (youeasaySy) 2anisu| yoieasay =
puejeaz MaN ay3 0 5103095 Aiisnpul 9say) JO aNnjeA ay) asealdul e |ean3ndu8y |eloised puejeaz maN S
o
[
o
(%]
m©
—
[}
=
I
o
o
]
S
[
o
w
>
v
S =
° 3
c o
o o
5 N
Y o
%)
s
(T :0TOT ‘Yd4easay poo4 % ue|d) (T :0TOT ‘Yyo4e3S3Y P0OO4 3 JUE|d) .m mb
5 c £
SwaisAs ‘puejeaz map 4o Aiadsoud |e1nos o 8
uondnpo.d Jual(ISaJ Aj|EIUSWUOIIAUS JO JuSWdOo|RAIP 3Y) YUM suled PUE [BJUSLUUOIIAUS 3Y) PUB YIMO.S m =
Aduspyya Suio8uo SulAlp S10399S Adisnpul 99yl Ul YIMou3 uleisns e 2ILIOU093 0} SINQLIIUOI 0} SALISNPUI .m .w
51010395 3|geJe pue 23eJaA3( pue pooy pue poojess H =
|ednyNd1JIoyY S,puejeaz Ma Ul SS929€ 19yJew adueyua pue 109304d e ‘9]qeJe ‘|edn}jndJoy s,pueeaz Map 4o < >
Spaau 19yJewW [2qO|S 24NN} pUE JUa1INJ 193W 1ey] Sassad0ld Ayiagonpoud pue anjen ay3 sdueyus of = W_.
pue s1onpoud anjea-ysiy jo JuswdoleAsp sy ysnoiyl Awouods (Yyoaeasay poo4 3 ue|d) Yydieasay poo4 .m z
puejeaz MaN ay3 01 5103095 Aiysnpul 9Say3 JO dNjeA 8Y3 asealdul e pue jue|d J0 a1niysu| puejeaz maN Y s

asodung
epuady Yyaueasay (1) | asodind 240 4o s,jusawadless 1Y (1) | SIS (1)

2058

160 | SCIENCE EMBRACED



BACKGROUND

APPENDIX 8 CROWN RESEARCH INSTITUTES

(£T :TTOT ‘U01dS)
uol|jiw 97 ¢S :8uipung Aujigede)

$324n0¢ Suipun4 (A1)

(T :0T0T ‘uoIdS)

‘puejesz MaN ul uononpo.ud

AJ1s3104 JO AJljIGEUIRISNS [PIUSWUOIIAUD 3Y) pue Aiisnpul Jo
uonisod 1ayJew |eqo|d ayi y1og anoidw 03 S92IAIDS WISAS0DD
paseq-AJ1saiof wouy 1ysuaq 03 Ajlunyioddo s pueeaz maN 2dueyus

s1npoud |anjoiq pinbi| pue
A313us01q 3|qeuleisns sonpoud 01 Ajljige s,puejesz MaN Suimous
Ag Ayunass Aiaua pue uononpoud ASisua s|gemauau asealdul

Ansnpui Aiysaloy ayy ul

Juswiaseuew ysii anoidwi pue Ss32J. 19yJew dueyus pue 399104d
spaau

19yJew |eqo|d a4niny pue JuaLInd 393w 01 3seq Asisnput [ediSoolq
S,pUB|ESZ MBI JO UOLIBILISIDAIP PAsEa.dUl pue swalsAs uononpoud
pue saa10eud Aisauoy panosdwi y3noayz Awouods puejeaz maN
9y 03 5403095 Ausnpul 9say3 Jo Aiandnpoud pue anjea ay3 aseaJdul

epua8y youeasay (i)

'950]2SIp 03 30U 3pPII3pP AdY3 1IeYMm
pue 350|2SIp 01 P3P ASY3} UOLIBWIOLUI JBYM SSOJDE ISIXD SDIDUDISISUOIUI SB S|YD JaY30 Ylm 3|qesedwod Aj30aJip ag jou Aew pajsi| elep ay| :S924n0S Sulpul4 (A1) uwnjod '

‘OB pue Juawuianogd ‘Assnpul
Suipnaul ‘siapjoya.eys Ay yum diysiaulied ul o3pajmou pue ASojouydal Jo Jajsuedl pue yaaeasad jo uolsirodd ayi y3noays asodind sii |yny 01 saa48e 14D Yyoea 1eyl Moj|oy
paLLUBP! SDWO2INO0 By PealSul Palsl| Udaq Sey awod3Ino ay3 ‘syiodad |enuue s,|¥D ay3 ul papinoad Jou s| epuade Yyoueasal Jeajd e aidyp| :epuady yoseasay (1) uwnjod T

(T :0TOT ‘U0dS) "pue|eaz MAN

40} SSWO0J3IN0 |BI20S pue |ejusaWwuodIAuUL
|eldyausq 01 91nqlJauod pue anjea
JIWOUOJ9 91keald 0} 5101235 |eliajewolq
J3Y310 pue S|elialew paAlIdp-poOM pue
10npoud poom ‘A13sa40y S, puelesz MaN
WwoJj yImoJ3 pue uoreAouul AP Of
:(uons) paywn

91N11suU| Yd21easay 152404 pue|eaz MaN

asodind 210D jo s,3uswiels [y (1

910N

Leading the science and innovation ecosystem
to deliver a step change to New Zealanders’
prosperity and wellbeing (MSI, 2011b).

asodung
SIS (1)

SCIENCE EMBRACED | 161

2058



References

Aalbers, L. (2011). Addressing complex social challenges in the Netherlands. Reos. Retrieved November 4,

2011 from http://www.reospartners.com/news-view/435

Abbott, A., Cyranoski, D., Jones, N., Maher, B., Schiermeier, Q., & Van Noorden, R. (2010). Do metrics
matter? Nature, 465, 860-862.

Ai-Lien, C and Chua, G. (2011a). $180 doled out from stalled biomed fund. The Straits Times. Singapore.

Ai-Lien, C and Chua, G. (2011b). Early Winners: S’pore achieves biomed success on global stage. The
Straits Times. Singapore.

Ako Aotearoa (2011). Tertiary Teaching Excellence Awards. National Centre for Tertiary Teaching
Excellence. Retrieved November 23, 2011 from http://akoaotearoa.ac.nz/awards

Ancestry.com (2000). The Work of Beatrice Tinsey. Retrieved February 8, 2012 from

http://freepages.rootsweb.ancestry.com/ ~ mturner/women/work.htm

Antarctica New Zealand (2012, n.d.). Environmental Stewardship. Retrieved February 13, 2012 from

http://www.antarcticanz.govt.nz/science

Association for Women in the Sciences (AWIS) (2011). Women in science: A 2011 snapshot. Retrieved
November 22, 2011 from http://www.awis.org.nz/assets/ Uploads/ AWIS-Stats-Booklet.pdf

Auckland Uniservices Ltd (2010). Review of the New Zealand intellectual property system. Prepared for the
Ministry of Economic Development. Retrieved September 22, 2011 from http://www.med.govt.nz/
business/intellectual-property/review-of-new-zealand2019s-intellectual-property-system

Australian Government (2010). Ouicome statements policy and approval process. Retrieved November
23,2010 from http://www.finance.gov.au/financial-framework/financial-management-policy-guidance/
outcomes-arrangements.html

Australian Public Service Commission (2007). Tackling wicked problems: A public policy perspective.
Retrieved November 21, 2011 from http://www.apsc.gov.au/publications07/wickedproblems.pdf

Australian Research Council (n.d.). General information: Glossary. Retrieved December 21, 2010 from
http://www.arc.gov.au/general/glossary.htm#innovation

Australian National University (2012). Science meets policymakers. Retrieved February 22, 2012 from
http://publicpolicy.anu.edu.au/coombs/events/science meets policymakers/

Bakker, L., Boston, J., Campbell, L., & Smyth, R. (2006). Evaluating the Performance Based Research Fund:
Framing the debate. Wellington: Institute of Policy Studies, Victoria University of Wellington.
Retrieved December 21, 2010 from http://ips.ac.nz/publications/publications/show/178

BBC Hardtalk (BBC) (2011). New Zealand PM John Key: ‘We are 100% pure’. Retrieved December 9, 2011
from http://news.bbc.co.uk/2/hi/programmes/hardtalk/9480610.stm

Bell, M., Blick, G., Parkyn, O., Rodway, P., & Vowles, P. (2010). Challenges and choices: Modelling New
Zealand’s long term fiscal position. Treasury Working Paper 10/01. Retrieved September 26, 2011
from http://www.treasury.govt.nz/publications/research-policy/wp/2010/10-01

Bioethics Council of New Zealand (2008). Who gets born? Retrieved November 1, 2011 from
http://www.adsa.org.nz/uploads/69075/files/ who-gets-born-jun08.pdf

Birkinshaw, J., Bouquet, C., & Barsoux, J.-L. (2011). The 5 myths of innovation. MIT Sloan Management

Review. Retrieved November 17, 2011 from
http://sloanreview.mit.edu/the-magazine/2011-winter/52210/the-5-myths-of-innovation

Bishop, R. (1998). Freeing ourselves from neo-colonial domination in research: A Maori approach to
creating knowledge. International Journal of Qualitative Studies in Education, 11(2), 199-219.

162 | SCIENCE EMBRACED 2058



REFERENCES

Bowen, G. (1868). Inaugural address of Governor Sir George Ferguson Bowen, G.C.M.G., to the New
Zealand Institute, as its first President. Transactions and Proceedings of the Royal Society of New

Zealand 1868-1961, 1. Retrieved October 8, 2009 from http://rsnz.natlib.govt.nz/volume/rsnz 01/
rsnz 01 00 000300.html

Boyne, G. (1998). Bureaucratic theory meets reality: Public choice theory and service contracting in US
local government. Public Administration Review, 58(6), 43-61.

Bushnell, D. M. (2011). Where is it all going? Oral presentation at the StrategyNZ: Mapping our Future
workshop, Wellington, New Zealand, 30-31 March 2011.

Buytendijk, F., Hatch, T., & Micheli, P. (n.d.). Scenario-based strategy maps. Oracle Corp., The
Netherlands, Oracle Corp., Canada and Cranfield School of Management, United Kingdom.
Retrieved December 6, 2011 from http://www.pma.otago.ac.nz/pma-cd/papers/1068.pdf

Cabinet Economic Growth and Infrastructure Committee (CEGIC) (2010, November). CRI funding and
accountability changes. New Zealand.

Callaghan, P. (2009). Wool to Weta: Transforming New Zealand’s culture & economy. Auckland: Auckland
University Press.

Cartner, M., & Bollinger, T. (1997). Science policy reforms: The New Zealand experience. Social Studies of
Science, 27(5), 775-803.

Catley, C. (2006). Bright star: Beatrice Hill Tinsley astronomer. Auckland: Cape Catley.

Centre for Strategic Futures (CFSF) (2011). Conwversations for the future. Volume 1: Singapore’s experiences
with strategic planning (1988-2011). Centre for Strategic Futures, Singapore Government.

Christchurch City Libraries (n.d.). Famous New Zealanders: Ernest Rutherford. Retrieved February 8, 2012

from http://christchurchcitylibraries.com/kids/famousnewzealanders/ernest.asp

Christensen, T., & Laegreid, P. (2001). New Public Management: The effects of contractualism and
devolution on political control. Public Management Review, 3(1), 73-94.

Cinema Blend (2012). The Adventures of Tintin leads Visual Effects Society Award nominees. Retrieved

January 14, 2012 from http://www.cinemablend.com/new/Adventures-Tintin-Leads-Visual-Effects-Society-
Award-Nominees-28716.html

Citizen Science New Zealand (CSNZ) (n.d.). New Zealand science in the hands of New Zealanders. Retrieved
December 16, 2011 from http://popscinz.wordpress.com/about

Collins, J., & Hansen, M. T. (2011). Great by choice: Uncertainty, chaos and luck - why some thrive despite
them all. New York: HarperCollins.

Connor, S. (2012, 8 February). No way of stopping leak of deadly new flu, says terror chief. The Independent.
Retrieved February 13, 2012 from http://www.independent.co.uk/news/science/no-way-of-stopping-leak-
of-deadly-new-flu-says-terror-chief-6660997.html

Coughlan, K. (2011). The tale of the magic microbe. New Zealand Life & Leisure, 38, 102-104.

Creative Commons (n.d.). Frequently asked questions. Retrieved November 1, 2011 from
http://wiki.creativecommons.org/FAQ#Is Creative Commons against copyright.3F

Crown Company Monitoring Advisory Unit (CCMAU) (2007). Owner’s Expectation Manual for Crown
Research Institutes. Retrieved January 30, 2012 from
http://www.comu.govt.nz/resources/pdfs/oem-cri-07.pdf

Crown Research Institute Taskforce (CRIT) (2010). How to enhance the value of New Zealand’s investment
in Crown Research Institutes: Report of the Crown Research Institute Taskforce. Retrieved October
5, 2011 from http://www.morst.govt.nz/Documents/work/cri-taskforce/Report-of-the-Crown-Research-
Institute-Taskforce.pdf

2058 SCIENCE EMBRACED | 163



REFERENCES

Curtis, B., & Matthewman, S. (2005). The managed university: The PBRF, its impacts and staff attitudes.
New Zealand Journal of Employment Relations, 30(2), 1-17. Retrieved March 30, 2010 from
http://www.nzjournal.org/NZJER30%282%29.pdf

Davenport, S., & Bibby, D. (2007). Contestability and contested stability: Life and times of CSIRO’s New
Zealand cousins, the Crown Research Institutes. Innovation: Management, Policy & Practice, 9(2), 181-191.

Davison, L. Hagel, J. and Brown J. B. (2010). Open innovation's next challenge: Itself. Retrieved November
17, 2011 from http://blogs.hbr.org/bigshift/2010/02/open-innovations-next-challeng.html

Defense Advanced Research Projects Agency (DARPA) (n.d.). About. Retrieved November 1, 2011 from
http://www.darpa.mil/About.aspx

Department of Internal Affairs (DIA) (2011). Establishment of Innovation Board and Science Board and

other related notices. New Zealand Gazette. Supplement 9. Retrieved May 16, 2011 from http://
www.dia.govt.nz/pubforms.nsf/NZGZT/Supplement MORST9Jan11.pdf/$file/Supplement MORST9]Jan11.pdf

Department of the Prime Minister and Cabinet (DPMC) (2011). Ministerial list. Retrieved December 13,
2011 from http://www.dpmc.govt.nz/cabinet/ ministers/ministerial-list

Durie, M. (2003). Launching Maori Futures. Wellington: Huia Publishers.

Elsevier, B. V. (2011). Scopus. Retrieved September 22, 2011 from http://www.scopus.com/home.url

EmpowerNZ (2011). EmpowerNZ: Building the future with a new constitution. Retrieved December 14,
2011 from http://www.empowernz.co.nz

English, B., & Guy, N. (2011). Open date will benefit public, economy. Retrieved November 25, 2011 from

http://www.beehive.govt.nz/release/ open-data-will-benefit-public-economy

European Commission (2011). I know national studies. Retrieved November 1, 2011 from
http://community.iknowfutures.eu

Federation of Maori Authorities (FOMA) (2011, 6 May). Maori economy must be a key focus. Retrieved May

16, 2011 from
http://www.scoop.co.nz/stories/PO1105/500075/maori-economy-must-be-a-key-focus.htm

Fisher, D. (2011). GE law probe a big surprise. Retrieved December 6, 2011 from
http://www.nzherald.co.nz/nz/news/article.cfm?c id=18&objectid=10767413

Fonterra Co-operative Group, Regional Councils, Ministry for Environment, & Ministry of Agriculture
and Forestry (Fonterra) (2003). Dairying and clean streams accord. Retrieved December 6, 2011 from
http://www.mfe.govt.nz/issues/land/rural/dairying-accord-may03.pdf

Forest and Bird (2009). Best fish guide 2009-2010: How sustainable is New Zealand seafood? (Ecological
assessments). Retrieved February 16, 2010 from
http://www forestandbird.org.nz/what-we-do/publications/-best-fish-guide

Foundation for Research, Science and Technology (FRST) (2010). Annual report 2009/10. Retrieved
November 27, 2011 from http://www.frst.govt.nz/library/corporate-reports/annual-reports

Foundation for Research, Science and Technology (FRST) (n.d.[a]). Contestable. Retrieved November 1,
2011 from http://www.frst.govt.nz/node/252

Foundation for Research, Science and Technology (FRST) (n.d.[b]). Glossary. Retrieved August 12, 2009
from hup://www.frst.govt.nz/jargon

Funtowicz, S. O., & Ravets, J. R. (1993). Science for the post-normal age. Futures, 739-755.

Fuyuno L, (2012). Japan plans to merge major science bodies. Nature. Retrieved February 4, 2012 from
http://www.nature.com/news/japan-plans-to-merge-major-science-bodies-1.9954

Galbreath, R. (1998). DSIR: Making science work for New Zealand: Themes from the history of the Department
of Scientific and Industrial Research, 1926-1992. Wellington: Victoria University Press.

164 | SCIENCE EMBRACED 2058



REFERENCES

Gandel, S. (2011, 13 October). Regulations and jobs: The debate goes on. Retrieved November 22, 2011 from

http://curiouscapitalist.blogs.time.com/2011/10/13/regulations-and-jobs-the-debate-goes-on

Genetic Alliance (n.d.). About us. Retrieved December 16, 2011 from http://www.geneticalliance.org/about

Gladwell, M. (2009). What the dog saw. Australia: Penguin Group.

Gluckman, P. (2010). Speech on science and innovation at the 2010 Bayer Innovators Awards, in association
with the National Business Review. Retrieved December 2, 2010 from

http://www.pmcsa.org.nz/wp-content/uploads/Sir-Peter-Gluckman-speech-at-2010-Bayer-Innovators-Awards-

24-August-2010.pdf

Gluckman, P. D. (2011). The wider roles of science and innovation. Re-setting science and innovation for

the next 20 years. New Zealand Science Review. 68(1), 49-51. Retrieved May 16, 2011 from
http://scientists.org.nz/files/journal/2011-68/NZSR 68 1.pdf

Goh, E. (2011, 15 August). Data democracy: Government moves toward information-sharing. Retrieved
September 26, 2011 from http://idealog.co.nz/news/2011/08/open-data

Goh, H. (2010). Public Service Division sets up centre for strategic futures. Retrieved March 14, 2011 from

http://www.channelnewsasia.com/stories/singaporelocalnews/view/1046888/1/.html

Gore, A., & Blood, D. (2011, 14 December). A manifesto for sustainable capitalism: How businesses can

embrace environmental, social and governance metrics. Retrieved December 15, 2011 from http://
online.wsj.com/article/SB10001424052970203430404577092682864215896.htm]?’mod =WS] Opinion

LEADTop

Gorman, P. (2007, 16 June). Government allocation system source of cold war over science-research
funding. The Press, p. 12. Christchurch.

Government Electronic Tenders Service (GETS) (n.d.). Welcome to the New Zealand Government
Electronic Tenders Service. Retrieved November 19, 2011 from
http://www.gets.govt.nz/default.aspx?’show = HomePage

Government of Canada (Govt of Canada) (2011). Open data. Retrieved December 13, 2011 from
http://www.data.gc.ca/default.asp?lang=En&n=F9B7A1E3-1

Granberg, A. and Jacobsson, S. (2006). Myths or reality - a scrutiny of dominant beliefs in the Swedish
science policy debate. Science and Public Policy, (33)5, 321-340. Retrieved January 15, 2012 from
http://www.ingentaconnect.com/content/beech/spp/2006/00000033/00000005/art00002

Harris, P. and Meyer, R. (2011) Science policy: Beyond budgets and breakthroughs. Discussion paper on
enbancing Australian government science policy. Retrieved January 15, 2012 from
http://publicpolicy.anu.edu.au/coombs/publications

Hawke, G. (2011). Technology in the New Zealand economy. In R. Lattimore & S. Eaqub (Eds.), The
New Zealand economy: An introduction. Auckland University Press.

Hazelkorn, E. (2009). Impact of global rankings on higher education research and the production of

knowledge. UNESCO Forum on Higher Education, Research and Knowledge. Retrieved May 16, 2011

from http://unesdoc.unesco.org/images/0018/001816/181653e.pdf

Health Research Council of New Zealand (HRC) (2008). HRC strategic plan 2008-2013. Retrieved January

18, 2012 from http://www.hrc.govt.nz/sites/default/files/22382%20HR C%20Strategic%20Plan%20
10pg%20FINAL%20REVISED.pdf

Health Research Council of New Zealand (HRC) (2010). Investment strategy 2011/12: Funding
opportunities in health research. Retrieved November 25, 2011 from
http://www.hrc.govt.nz/sites/default/files/Investment%20Strategy%20Summary%20Sep2012.pdf

Health Research Council of New Zealand (HRC) (2011a). Report of the Health Research Council of New
Zealand for the year ended 30 June 2011. Retrieved January 18, 2012 from
http://www.hrc.govt.nz/sites/default/files/ Annual%20Report%202011%20Web%20version.pdf

2058 SCIENCE EMBRACED

165



REFERENCES

166

Health Research Council of New Zealand (HRC) (2011b). Statement of intent 2011-2014. Retrieved
January 18, 2012 from
http://www.hrc.govt.nz/sites/default/files/Final%20Sol July%202011%20woth%20cover.pdf

Health Research Council of New Zealand (HRC) (n.d.[a]). Corporate publications. Retrieved January 18,
2012 from http://www.hrc.govt.nz/news-and-publications/publications/corporate

Health Research Council of New Zealand (HRC) (n.d.[b]). About us. Retrieved January 18, 2012 from
http://www.hrc.govt.nz/about-us

Hendy, S. (2010, 28 May). The new Rutherford Discovery Fellowships. Retrieved January 13, 2012 from
http://sciblogs.co.nz/a-measure-of-science/2010/05/28/the-new-rutherford-discovery-fellowships

Herringa, V. (2010). Smile, you’re in New Zealistan. Idealog 26, 96. Retrieved March 23, 2010 from

http://idealog.co.nz/magazine/march-april-2010/features/smile-youre-in-new-zealistan

Heuer, R. (2011, December). Big science’s big year. The Economist: The World in 2012, p. 150.
HM Government (n.d.). Opening up government. Retrieved November 25, 2011 from http://data.gov.uk

Ho, P. (2010). Thinking about the future: What the Public Service can do. Retrieved March 14, 2011 from
http://www.cscollege.gov.sg/cgl/pub ethos 10i4.htm

Ho, V. (2011) R&D spending rises to $$6.5 billion in 2010: A*Star. The Business Times. Singapore.

Hunt, L. (2009). Doing science in a culture of accountability: Compliance through resistance to alienation
and estrangement. Kotuitui: New Zealand Journal of Social Sciences Online. Retrieved November 22,
2011 from http://dx.doi.org/10.1080/1177083X.2009.9522442

iKnow (n.d.). About the iknow project. Retrieved December 12, 2011 from
http://wiwe.iknowfutures.eu/iknow-description/

Inayatullah, S. (2000). Possibilities for the future. Development, 43(4), 17-21. Taipel.

Income Tax Act (2007). Retrieved December 5, 2011 from http://www.legislation.govt.nz/act/
public/2007/0097/128.0/DLM1512301.html

Independent Research Association of New Zealand (IRANZ) (2009). Letter to the Crown Research Institute
Taskforce, 25 November 2009. Retrieved November 21, 2011 from
http://www.iranz.org.nz/submissions/091125%20CRI%20taskforce.pdf

Independent Research Association of New Zealand (IRANZ) (2011). Home. Retrieved September 30, 2011

from http://www.iranz.org.nz/index.html

Independent Research Association of New Zealand (IRANZ) (n.d.). IRANZ pamphlet. Retrieved
September 30, 2011 from http://www.iranz.org.nz/downloads/TIRANZ%20Flyer.pdf

Industrial Research Limited (IRL) (2009, 10 November). Win-win for What’s Your Problem New Zealand?
Finalists. Retrieved November 23, 2011 from
http://www.irl.cri.nz/newsroom/news/win-win-whats-your-problem-new-zealand-finalists

Industrial Research Limited (IRL) (2010). Statement of core purpose. Retrieved October 5, 2011 from http://
www.morst.govt.nz/Documents/cri-taskforce/SCPs/IRL%20SCP.pdf

Industrial Research Limited (IRL) (2011). Business and technology growing the economy: year in review

2010/11. Retrieved January 30, 2012 from http://www.irl.cri.nz/sites/all/files/IRL%20Annual %20
Report%20Part%200ne%20Y ear%20in%20R eview%202010-11.pdf

Inland Revenue Department (IRD) (2010). Research and development (RED) tax credir. Retrieved
November 22, 2011 from
http://www.ird.govt.nz/technical-tax/legislation/2008/2008-105/2008-105-repeal-rd-tax-credit

Institute of Directors (IoD) (n.d.). Accreditation. Retrieved November 21, 2011 from
https://www.iod.org.nz/MembershipAccreditation/Accreditation.aspx

SCIENCE EMBRACED 2058



REFERENCES

Institute of Environmental Science and Research (ESR) (2010). Statement of core purpose. Retrieved
October 5, 2011 from http://www.esr.cri.nz/SiteCollectionDocuments/ESR/Corporate/PDE/
ESRSCPNov102010.PDF

Institute of Environmental Science and Research (ESR) (2011). Annual report 2011. Retrieved
January 30, 2012 from http://www.esr.cri.nz/SiteCollectionDocuments/ESR/Corporate/PDF/
ESRAnnualReport2011webversion.pdf

Institute of Geological and Nuclear Sciences (GNS Science) (2010). Statement of core purpose. Retrieved
October 5, from
http://www.gns.cri.nz/content/download/5988/32950/file/Statement of Core Purpose.pdf

Institute of Geological and Nuclear Sciences (GNS Science) (2011). GNS Science annual report 2011.
Retrieved January 30, 2012 from
http://gns.cri.nz/Home/About-Us/Corporate-Documents/Annual-Reports/2011-Annual-Report

Institute of Geological and Nuclear Sciences (GNS Science) (n.d.). Earthguakes. Retrieved November 4,
2011 from http://www.gns.cri.nz/Home/Learning/Science-Topics/Earthquakes

Intellectual Property Office of New Zealand (IPONZ) (2009). What is a patents Retrieved April 26, 2011
from http://www.iponz.govt.nz/cms/patents/ what-is-a-patent

Intellectual Property Office of New Zealand (IPONZ) (2011). Integration of patent examination between
Australia and New Zealand. Retrieved February 25, 2011 from

http://www.iponz.govt.nz/cms/pdf-library/iponz/integration-of-patent-examination-fact-sheet-nz-6-tm.pdf

International Integrated Reporting Council (IIRC) (2011). Integrated Reporting. Retrieved 10 February
2012 from http://www.theiirc.org

Isaacson, W. (2011). Steve Jobs. London: Little, Brown.

Kaplan, R. S., & Norton, D. P. (2004). Strategy maps: Converting intangible assets into tangible outcomes.
Boston: Harvard Business School Publishing Corporation.

Kaplan, R. S., & Norton, D. P. (2008). The execution premium: Linking strategy to operations for competitive
advantage. Boston: Harvard Business School Publishing Corporation.

Kawharu, M. (2002). Whenua: Managing our resources. Auckland: Reed.
Key, J. (2010, 11 May). Budget provides $321m for RSET activities. Retrieved November 26, 2010 from

http://www.beehive.govt.nz/release/budget + provides + 321m + rsampt + activities

Kilkenny, K. (2010). Lezzer to Lesley Middleton, Acting Chief Executive, Minister of Research, Science and
Technology. Independent Research Association New Zealand (IRANZ). Retrieved September 30,
2011 from http://www.iranz.org.nz/submissions/100705%20Final%20SCP%20feedback.pdf

Kirk, T. (1880). On the neglected forest products of New Zealand. Retrieved June 21, 2011 from
http://rsnz.natlib.govt.nz/volume/rsnz 13/rsnz 13 00 000950.html

Kotter, J. P. (2001). What leaders really do. Harvard Business Review, December, 25-34. Retrieved
November 14, 2011 from
http://ecliff. weebly.com/uploads/1/7/0/7/1707964/hbrs 10 must reads on leadership.pdf#page=26

Kuhn, T. (1962). The structure of scientific revolutions (3rd edn). Chicago: University of Chicago Press.

Land and Water Forum (2010). Report of the Land and Water Forum: A fresh start for freshwater. Retrieved
November 10, 2011 from http://www.landandwater.org.nz/index files/releases.htm

Land & Water New Zealand (n.d.). Welcome. Retrieved 18 December, 2011 from

http://www.landandwater.co.nz

Landcare Research New Zealand (Landcare Research) (2010). Statement of core purpose. Retrieved October
5, 2011 from http://www.landcareresearch.co.nz/about/documents/lcr statement core purpose.pdf

2058 SCIENCE EMBRACED | 167



REFERENCES

168

Landcare Research New Zealand (Landcare Research) (2011). Annual report 2011: part 1.Science and
environment for a better New Zealand. Retrieved January 30, 2012 from
http://www.landcareresearch.co.nz/publications/reports.asp

Landcare Research New Zealand (Landcare Research) (n.d.). Strategic plan: 2010-2013. Retrieved
January 18, 2011 from http://www.landcareresearch.co.nz/research/strategy/Protecting_restoring
biodiversity 2010 2013.pdf

Langley, C., & Parkinson, S. (2009). Science and the corporate agenda: The detrimental effects of commercial
influence on science and technology. Scientists for Global Responsibility. Retrieved November 27,
2011 from http://www.sgr.org.uk/publications/science-and-corporate-agenda

Lewis, M. (2011). Boomerang: The meltdown tour. Australia: Penguin.

Macfie, R. (2009, July 18). Big science. NZ Listener. Retrieved November 17, 2011 from

http://www.listener.co.nz/commentary/big-science

Maclaurin, W. R. (1953). The sequence from invention to innovation and its relation to economic growth.
Quarterly Journal of Economics, 67(1) 97-111.

Mapp, W. (2010, 29 March). Changes make CRIs ‘engines of growth’. Retrieved October 5, 2011 from
http://www.beehive.govt.nz/release/changes-make-cris-%E2%80%98engines-growth%E2%80%99

Mapp, W. (2011a, 23 June). Supercomputer to supercharge science. Retrieved November 23, 2011 from

http://feeds.bechive.govt.nz/release/computer-network-will-supercharge-research

Mapp, W. (2011b, 5 May). Bright future for innovation in Maori economy. Retrieved May 16, 2011 from

http://www.beehive.govt.nz/release/bright-future-innovation-Maori-economy

Mapp, W. (2011c, 1 February). Launch of Ministry of Science and Innovation. Retrieved November 23, 2011

from http://www.beehive.govt.nz/speech/launch-ministry-science-and-innovation

Marcus, A. D. (2011, December 9-11). Citizen scientists. The Wall Street Journal: Weekend Journal.

Retrieved December 12, 2011 from http://online.wsj.com/article/SB10001424052970204621904577014330
551132036.htmIPKEYWORDS = citizen + scientists

Mark, A. F. (1993). Ecological degradation. New Zealand Journal of Ecology, 17(1), 1-4. Retrieved
November 14, 2011 from http://www.nzes.org.nz/nzje/free issues/NZJEcol17 1 1.pdf

Massaro, M. (2011, 7 September). An open letter to the Minister of Science and Innovation; the Prime
Minister’s Chief Science Advisor; the Chief Executive of the Royal Society of New Zealand; the Chief
Executive of MSI; the Royal Society of New Zealand; the Tertiary Education Commission; the Selections
Committee of the Rutherford Discovery Fellowships; and Science New Zealand. Retrieved January 13,

2012 from http://www.scientists.org.nz/files/posts/James Renwick/Letter-to-MSI-PMsScience Advisor-
RSNZ-TEC 07-09-11.pdf

Massey University (n.d.). Inductive vs. deductive reports. Retrieved November 1, 2011 from
http://owll.massey.ac.nz/assignment-types/inductive-vs-deductive-reports.php

McGuinness, W. (2010). Creating intelligent countries through forward engagement. The Futurist,
(November-December), 49.

McLintock, A. H. (1966). Royal Society: Foundation. Te ara: The encyclopedia of New Zealand. Retrieved
November 1, 2011 from http://www.TeAra.govt.nz/en/1966/royal-society/1

Mead, H. M. (2003). Tikanga Maori: Living by Maori values. Wellington: Huia.

Meares, R. (2012, 25 January). Bird flu mutation studies dangerous. news24. Retrieved February 13, 2012
from http://www.news24.com/SciTech/News/Bird-flu-mutation-studies-dangerous-20120125

Miller, G. (2010). Hausergate: Scientific misconduct and what we know we don’t know. Science Insider.
Retrieved November 25, 2011 from

http://news.sciencemag.org/scienceinsider/2010/08/hausergate-scientific-misconduct.html

SCIENCE EMBRACED 2058



REFERENCES

Ministry for Culture and Heritage (MCH) (2011). Cartwright Report condemns cervical cancer treatment.
Retrieved December 23, 2011 from

http://www.nzhistory.net.nz/cartwright-report-condemns-treatment-of-cervical-cancer-patients

Ministry for the Environment (M{E) (2011a). Measuring up: Environmental reporting. A discussion
document. Retrieved January 18, 2012 from
http://www.mfe.govt.nz/publications/ser/ measuring-up-environmental-reporting/index.html

Ministry for the Environment (M{E) (2011b). Request for proposals. Factors influencing decisions to innovate
using new organisms. 0106-01-RFP, 2 November 2011. Retrieved November 20, 2011 from
http://www.gets.govt.nz/default.aspx?’show = HomePage

Ministry for Environment (M{E) (2011¢). Dairy: Dairying and clean streams accord. Retrieved November
14, 2011 from http://www.mfe.govt.nz/issues/land/rural/dairying.html

Ministry for the Environment (MfE) (n.d.). Toz Te Taiao: The Bioethics Council. Retrieved December 15,
2011 from http://www.mfe.govt.nz/website/closed-sites/bioethics.html

Ministry of Agriculture and Forestry: Biosecurity New Zealand (MAF) (2006). Codes of ethical conduct.
Retrieved September 26, 2011 from
http://www.biosecurity.govt.nz/animal-welfare/naeac/papers/naeaccec.htm

Ministry of Agriculture and Forestry (MAF) (2011). The dairying and clean streams accord: Snapshot of
progress 2010/2011. Retrieved December 23, 2011 from http://www.maf.govt.nz/newsresources/
publications.aspx?title = Dairying%20and%20Clean%20Streams%20Accord:%20Snapshot%200f%20Progress

Ministry of Agriculture and Forestry (MAF) (n.d.). Funding programmes. Retrieved November 1, 2011

from http://www.maf.govt.nz/agriculture/funding-programmes

Ministry of Defence (UK) (2010). Global strategic trends: Out to 2040. Strategic Trends Programme: 4th
edn. Retrieved November 17, 2011 from
http://www.mod.uk/NR/rdonlyres/38651ACB-D9A9-4494-98 A A-1C86433BB673/0/gst4 update9 Feb10.pdf

Ministry of Economic Development (MED) (2011). New Zealand energy strategy 2011-2021. Retrieved
September 26, 2011 from http://www.med.govt.nz/sectors-industries/energy/strategies

Ministry of Economic Development (MED) (n.d.) About us. Retrieved November 1, 2011 from http://

www.med.govt.nz/about-us

Ministry of Education (MoE) (2010). Tertiary education strategy: 2010-15. Retrieved November 25, 2011
from http://www.minedu.govt.nz/NZEducation/EducationPolicies/ TertiaryEducation/Policy AndStrategy/
TertiaryEducationStrategy.aspx

Ministry of Education (MoE) (2011). Education counts. Retrieved September 22, 2011 from
http://www.educationcounts.govt.nz

Ministry of Foreign Affairs and Trade and New Zealand Trade and Enterprise (MFAT & NZTE) (2011).
Sustainability market intelligence: August 2011 gquarterly report. Retrieved November 21, 2011
from http://www.nzte.govt.nz/explore-export-markets/market-research-by-industry/Food-and-beverage/
Documents/Hong%20K ong%20Sustainability%20Report%20August%202011.pdf

Ministry of Health (MoH) (n.d.). History of health and disability ethics in New Zealand. Retrieved
December 6, 2011 from
http://www.moh.govt.nz/moh.nsf/pagescm/6761/$File/history-ethical-review-nz.doc

Ministry of Research, Science and Technology (MoRST) (2000). Departmental forecast report: 2000/2001.
Retrieved December 12, 2011 from
http://www.morst.govt.nz/Documents/publications/soi/MoRST-Departmental-Forecast-Report-2000-2001.pdf

Ministry of Research, Science & Technology (MoRST) (2005). A more stable funding environment: Sector
engagement paper. Retrieved May 28, 2009 from
http://www.morst.govt.nz/Documents/work/pace/Pace-Stable-Funding-Engagement-Paper.pdf

2058 SCIENCE EMBRACED | 169



REFERENCES

170

Ministry of Research, Science & Technology (MoRST) (2006a). Science for New Zealand: An overview of
the RS&ET system 2006. Retrieved December 19, 2007 from
http://www.morst.govt.nz/Documents/publications/policy/MoRST-Science-for-NZ.pdf

Ministry of Research, Science & Technology (MoRST) (2006b). What is Maori research? Retrieved May 11,

2011 from http://www.morst.govt.nz/current-work/vision-matauranga/what-is-maori-research

Ministry of Research, Science & Technology (MoRST) (2006¢). What is Mataranga Maori? Retrieved

February 7, 2012 from http://www.morst.govt.nz/current-work/vision-matauranga/what-is-maori-
research/matauranga-maori

Ministry of Research, Science & Technology (MoRST) (2007a). Our strategy. Retrieved March 17, 2010
from http://morst.govt.nz/Documents/publications/soi/MoRST-Strategy-2007.pdf

Ministry of Research, Science & Technology (MoRST) (2007b). Bibliometric studies. Retrieved September
22,2011 from http://www.morst.govt.nz/publications/statistics/bibliometrics

Ministry of Research, Science and Technology (MoRST)(2007¢). Roadmaps for Science. Retrieved February
14, 2012 from http://www.morst.govt.nz/current-work/roadmaps

Ministry of Research, Science & Technology (MoRST) (2008a). Evaluation of the Crown Research Institute
Capability Fund. Retrieved March 16, 2010 from
http://www.morst.govt.nz/Documents/publications/evaluations/ CRI-Capability-Fund-Evaluation.pdf

Ministry of Research, Science & Technology (MoRST) (2008b). Evaluation of the RED tax credit: Baseline
study 1. Retrieved November 22, 2011 from

http://www.morst.govt.nz/publications/evaluations/business-incentives/study-1-part-b

Ministry of Research, Science & Technology (MoRST) (2009a). What we do. Retrieved November 25, 2009
from http://morst.govt.nz/about/what-we-do

Ministry of Research, Science & Technology (MoRST) (2009b). Statement of intent 2009. Retrieved
October 12, 2009 from http://www.morst.govt.nz/upload/448764 8.pdf

Ministry of Research, Science & Technology (MoRST) (2009¢). Idea to impact: Making RED work for your
business. Retrieved November 14, 2011 from
http://www.morst.govt.nz/Documents/publications/business/Idea-to-Impact.pdf

Ministry of Research, Science & Technology (MoRST) (2009d). Vision Matauranga. Retrieved December

3, 2009 from http://morst.govt.nz/current-work/vision-matauranga

Ministry of Research, Science & Technology (MoRST) (200%). New RSET funding priorities. Retrieved
November http://www.morst.govt.nz/current-work/New-RST-funding-priorities

Ministry of Research, Science & Technology (MoRST) (20091). The economy, the environment and
opportunities for New Zealand: A futures resource. Retrieved April 1, 2010 from http://www.

morst.govt.nz/Documents/publications/researchreports/ The%20economy%?20environment%20and %20
opportunities%20for%20N7Z%20-%20a%20futures%20resource.pdf

Ministry of Research, Science & Technology (MoRST) (2009g). Research, science and technology (RSET)
scorecard. Retrieved September 22, 2011 from
http://www.morst.govt.nz/publications/statistics/scorecard

Ministry of Research, Science & Technology (MoRST) (2010a). Igniting potential: New Zealand’s science
and innovation pathway. Retrieved November 17, 2010 from
http://www.morst.govt.nz/Documents/publications/Igniting-Potential.pdf

Ministry of Research, Science & Technology (MoRST) (2010b). Annual report 2009/2010. Retrieved
November 14, 2011 from
http://morst.govt.nz/Documents/publications/annualreport/MoRST-Annual-Report-2009-2010.pdf

Ministry of Research, Science & Technology (MoRST) (2010c¢). Statement of intent 2010/11. Retrieved
December 2, 2010 from http://www.morst.govt.nz/Documents/publications/soi/MoRST-S0I-2010.pdf

SCIENCE EMBRACED 2058



REFERENCES

Ministry of Research, Science and Technology (MoRST) (2010d). Large scale research infrastructure strategic
plan: 2011-2015 investment scenario. Wellington: MoRST

Ministry of Research, Science and Technology (MoRST) (2010e). Research infrastructure. Retrieved

January 26, 2012 from http://www.morst.govt.nz/current-work/Science-Infrastructure-and-Data-

Management/research-infrastructure

Ministry of Research, Science and Technology (MoRST) (2010f). Kiwi Advanced Research and Education
Network (KAREN). Retrieved January 26, 2012, from http://www.morst.govt.nz/current-work/Science-

Infrastructure-and-Data-Management/research-infrastructure/karen

Ministry of Research, Science & Technology (MoRST) (2010g). Science and the general public 2010.
Retrieved November 23, 2011 from
http://www.morst.govt.nz/Documents/work/sis/Science-and-the-General-Public-2010.pdf

Ministry of Research, Science & Technology (MoRST) (2010h). Progress of the implementation of the
Crown Research Institute Taskforce report. Retrieved October 5, 2011 from
http://www.morst.govt.nz/Documents/cri-taskforce/docs/progress-on-implementation.pdf

Ministry of Research, Science & Technology (MoRST) (2010i). The Crown Research Institute taskforce
report: Implementation project plan. Retrieved October 5, 2011 from
http://www.morst.govt.nz/Documents/cri-taskforce/cri-taskforce-implementation-plan.pdf

Ministry of Research, Science & Technology (MoRST) (2010j). New Zealand RS& T scorecard 2010.
Retrieved September 30, 2011 from
http://www.morst.govt.nz/Documents/publications/statistics/ rst-scorecard-2010.pdf

Ministry of Research, Science & Technology (MoRST) (2010k). How funding is organised. Retrieved
November 10, 2011 from http://www.morst.govt.nz/funding/how

Ministry of Research, Science and Technology (MoRST) (2010l). New RSET funding priorities. Retrieved
January 18, 2011 from http://www.morst.govt.nz/current-work/New-RST-funding-priorities

Ministry of Research, Science & Technology (MoRST) (n.d.[a]). New Zealand tertiary sector: Tertiary
research funding. Retrieved February 8, 2012 from

http://www.morst.govt.nz/rst-links/nz-tertiary-sector

Ministry of Research, Science & Technology (MoRST) (n.d.[b]). CRI statement of core purpose. Retrieved
March 12, 2011 from

http://www.morst.govt.nz/current-work/CRI-Taskforce/Statements-of-core-purpose

Ministry of Research, Science & Technology & Crown Company Monitoring Advisory Unit (MoRST &
CCMAU) (2002). An appraisal of Crown Research Institutes, 1992-2002. Retrieved July 6, 2009 from
http://www.morst.govt.nz/Documents/publications/discussions/ CRI-Appraisal-1992-2002-report.pdf

Ministry of Science and Innovation (MSI) (2011a). Science and innovation in NZ. Retrieved December 16,
2011 from http://www.msi.govt.nz/get-connected/science-and-innovation-in-nz

Ministry of Science and innovation (MSI) (2011b). Purpose and goals. Retrieved December 15, 2011 from

http://www.msi.govt.nz/about-us/purpose-and-goals

Ministry of Science and Innovation (MSI) (2011c). Statement of intent 2011-2014. Retrieved June 22, 2011

from http://www.msi.govt.nz/about-us/corporate-documents

Ministry of Science and Innovation (MSI) (2011d). MSI annual report 2010-2011. Retrieved November 25,

2011 from http://www.msi.govt.nz/about-us/corporate-documents/annual-report

Ministry of Science and Innovation (MSI) (2011e). Sector advisory groups. Retrieved December 20, 2011

from http://www.msi.govt.nz/about-us/how-we-invest/sector-advisory-groups

Ministry of Science and Innovation (MSI) (2011f). The value of Maori science and innovation. Retrieved
May 16, 2011 from http://www.msi.govt.nz/news/BERL

2058 SCIENCE EMBRACED | 171



REFERENCES

172

Ministry of Science and Innovation (MSI) (2011g). Health Research Council. Retrived February 1, 2012

from http://www.msi.govt.nz/get-connected/msi-s-key-partners/health-research-council

Ministry of Science and Innovation (MSI) (2011h). CRI toolkit. Retrieved November 21, 2011 from

http://www.msi.govt.nz/get-connected/crown-research-institutes/cri-toolkit

Ministry of Science and Innovation (MSI) (20111, 7 September). Review of support for top researchers.
Retrieved January 13, 2012 from http://ministryofscienceandinnovation.cmail4.com/t/ ViewEmail/
r/3ED36BDDC742963F/CCD36965B64C375AF1ES7EB810DSF10A

Ministry of Science and Innovation (MSI) (2011). Build your business. Retrieved November 23, 2011 from

http://www.msi.govt.nz/business

Ministry of Science and Innovation (MSI) (2011k). Ways of funding. Retrieved December 16, 2011 from

http://www.msi.govt.nz/get-funded/research-organisations/2012-investment-round/ways-of-funding

Ministry of Science and Innovation (MSI) (2012a). Unlocking Maori potential. Retrieved February 14, 2012

from http://www.msi.govt.nz/get-connected/unlocking-maori-potential

Ministry of Science and Innovation (MSI) (2012b). 2012 investment round. Retrieved January 18, 2012
from http://www.msi.govt.nz/get-funded/research-organisations/2012-investment-round

Ministry of Science and Innovation (MSI) (n.d.). Our role. Retrieved November 1, 2011, from http://www.
msi.govt.nz/about-us/corporate-documents/statement-of-intent/ purpose-role-and-scope/our-role

Mirowski, P., & Van Horn, R. (2005). The contract research organisation and the commercialisation of
scientific research. Social Studies of Science, 35(4): 503-548.

Moorfield, J. C. (2010). Te aka Maori-English, English-Maori dictionary. Retrieved March 25, 2010 from
http://www.maoridictionary.co.nz/index.cfm?dictionaryKeywords = wananga&search.x = 0&search.y = 0&sea
rch =search&n = 1&idiom = &phrase = &proverb = &loan =

Nathan, S. (2007). Geological exploration. Te ara: The encyclopedia of New Zealand. Retrieved January 15,
2008 from http://www.teara.govt.nz/en/geological-exploration

National Digital Heritage Archive (NDHA) (2009). Bioethics Council archived website. National Library of
New Zealand. Retrieved September 26, 2011 from
http://ndhadeliver.natlib.govt.nz/ArcAggregator/frameView/IE1074184/http://www.bioethics.org.nz/

National Institute of Water and Atmospheric Research (NIWA) (2010). Statement of core purpose.
Retrieved October 5, 2011 from http://www.niwa.co.nz/sites/default/files/niwa_statements of core
purpose.pdf

National Institute of Water and Atmospheric (NIWA) (2011). Annual report 2011. Retrieved January 30,
2012 from http://www.niwa.co.nz/sites/default/files/niwa ar 2011 a4 lores f2.pdf

National Institute of Water and Atmospheric Research (NIWA) (n.d.). Polyculture first. NIWA Fisheries
and Aquaculture Updates, 13. Retrieved April 26, 2011 from
http://www.niwa.co.nz/our-science/fisheries/publications/all/fau/2005-13/polyculture

National Library of New Zealand (n.d.). Transactions and Proceedings of the Royal Society of New Zealand.
Retrieved September 21, 2010 from http://rsnz.natlib.govt.nz

National Nanotechnology Initiative (US) (NNI). (n.d.) NNI vision, goals and objectives. Retrieved
December 15, 2011 from http://nano.gov/about-nni/what/vision-goals

National Science Foundation (NSF) (2009). Impact of transformative interdisciplinary research and graduate

education on academic institutions. Retrieved October 28, 2011 from
http://www.nsf.gov/pubs/2009/nsf0933/igert workshop08.pdf

National Science Foundation (NSF) (2010). Science of science and innovation policy (SciSIP). Retrieved June
17, 2009 from http://www.nsf.gov/funding/pgm summ.jsp?pims id=501084

SCIENCE EMBRACED 2058



REFERENCES

National Science Foundation (NSF) (2011). About the National Science Foundation. Retrieved November 1,
2011 from http://www.nsf.gov/about

National Science Panel (NSP) (2008). A science manifesto or plan for the recovery of New Zealand science.
Retrieved October 10, 2009 from
http://www.psa.org.nz/Libraries/Media releases/ MANIFESTO New.sflb.ashx

Nature Publishing Group (n.d.). Competing financial interests. Retrieved November 2, 2011 from
http://www.nature.com/authors/policies/competing.html

New Zealand Association of Scientists (NZAS) (2005). There is a better way: Eight recommendations on
the science system in New Zealand. New Zealand Science Review, 62(3), 80-86.

New Zealand Association of Scientists (NZAS) (2008). In response to ‘A Science Manifesto’. Retrieved June
2, 2009 from http://nzas.rsnz.org/press/press 08 3.txt

New Zealand Association of Scientists (NZAS) (2009). Submission to the Crown Research Institute Taskforce.
Retrieved January 26, 2012 from http://www.scientists.org.nz/policy/submissions-2009#attachments

New Zealand Association of Scientists (NZAS) (n.d.[a]). About. Retrieved January 25, 2012 from

http://www.scientists.org.nz/about

New Zealand Association of Scientists (NZAS) (n.d.[b]). Home. Retrieved January 25, 2012 from

http://www.scientists.org.nz/home

New Zealand Business Council for Sustainable Development (NZBCSD) (2011). Poll: 86% of Kiwis think
Pure brand and sustainable behaviour important to trade. Retrieved February 7, 2012 from
http://www.nzbcsd.org.nz/story.asp?id=1311

New Zealand Business Council for Sustainable Development (NZBCSD) (n.d.[a]). Our mission and aims.
Retrieved December 9, 2011 from http://www.nzbcsd.org.nz/mission.asp

New Zealand Business Council for Sustainable Development (NZBCSD) (n.d.[b]). Our governance.
Retrieved December 9, 2011 from http://www.nzbcsd.org.nz/governance.asp

New Zealand Business Review (NBR) (2012). Air New Zealand wins top airline industry award. Retrieved
January 14, 2012 from

http://www.nbr.co.nz/article/air-new-zealand-wins-top-airline-industry-award-ne-107535

New Zealand eScience Infrastructure (NeSI) (2011). Announcing approval of funding for New Zealand
eScience Infrastructure (NeSI). Retrieved December 20, 2011 from

http://www.nesi.org.nz/announcing-nesi-nz-escience-hpc-investment

New Zealand eScience Infrastructure (NeSI) (n.d.). Home. Retrieved November 1, 2011 from
http://www.nesi.org.nz

New Zealand Forest Research Institute Limited (Scion) (2010). Statement of core purpose. Retrieved
October 5, 2010 from http://www.scionresearch.com/ data/assets/pdf file/0006/30786/SCION-
Statement-of-Core-Purpose-SCP-Nov-2010.pdf

New Zealand Forest Research Institute Limited (Scion) (2011). Scion annual report 2011. Retrieved January
30, 2012 from
http://www.scionresearch.com/ data/assets/pdf file/0003/35526/Scion-Annual-Report-2011-web.pdf

New Zealand Government (NZ Govt) (n.d.). Government datasets online. Retrieved December 1, 2011
from http://www.data.govt.nz

New Zealand Health and Disability Ethics Committees (NZHDEC) (2011). Guidance on ethical research

reviews. Retrieved September 26, 2011 from
http://www.ethicscommittees.health.govt.nz/moh.nsf/indexcm/ethics-resources-guidanceethicalresearch

New Zealand Institute (NZI) (2011, 10 February). Environment and climate: Implications, reaction and
response. Retrieved November 21, 2011 from http://www.nzinstitute.org/Images/uploads/Ports
Harbours Asia-Oceania Regional Forum-paper for 10 Feb 2011.pdf

2058 SCIENCE EMBRACED | 173



REFERENCES

174

New Zealand Institute (NZI) (n.d.). About the NZahead report card. Retrieved July 26, 2011 from
http://www.nzinstitute.org/index.php/nzahead/about

New Zealand Institute of Patent Attorneys (NZIPA) (n.d.). About NZIPA. Retrieved January 17, 2012

from http://www.nzipa.org.nz

New Zealand Institute of Plant and Food Research (Plant & Food Research) (2010). Statement of core
purpose. Retrieved October 5, 2011 from
http://www.morst.govt.nz/Documents/cri-taskforce/SCPs/PF%20SCP.pdf

New Zealand Institute of Plant and Food Research (Plant & Food Research) (2011). Annual report 2011.
Retrieved January 30, 2012 from http://www.plantandfood.co.nz/file/annual-report-2011-financials.pdf

New Zealand Institute of Plant and Food Research (Plant & Food Research) (n.d.). Investment. Retrieved
January 30, 2012 from http://www.plantandfood.co.nz/page/about-us/investment

New Zealand Management (2009). Top 200 A-Z listing 2009. Retrieved November 12, 2010 from
http://www.management.co.nz/top200/200list09.pdf

New Zealand Manufacturers and Exporters Association (NZMEA) (2009). Research and development:
Outlook February 2009. Retrieved November 22, 2011 from

http://www.nzmea.org.nz/documents/498-research and development updat.pdf

New Zealand Pastoral Agricultural Research Institute (AgResearch) (2010). Statement of core purpose.
Retrieved October 6, 2011 from http://www.agresearch.co.nz/about-us/our-company/docs/
Statement%200f%20Core%20Purpose.pdf

New Zealand Pastoral Agricultural Research Institute (AgResearch) (2011). AgResearch annual report
financials 2010/2011. Retrieved January 30, 2012 from http://www.agresearch.co.nz/publications/
annualreport/annual-report-2010-2011/docs/ Annual%20Report%202010-2011%20(PDF,%202.29MB).pdf

Nottage, R. A. C., Wratt, D. S., Bornman, J. F., & Jones, K. (eds.) (2010). Climate change adaptation in
New Zealand: Future scenarios and some sectoral perspectives. Wellington: New Zealand Climate
Change Centre.

Office of the Auditor-General (OAG) (2009). Workforce planning in Crown Research Institutes. Wellington:
Office of the Auditor-General. Retrieved November 17, 2011 from www.oag.govt.nz/2009/workforce-
planning

Office of the Auditor-General (OAG) (2011). Office of the Auditor General briefing to the Education and
Science Committee 2011/12: Vote Science and Innovation. Retrieved November 1, 2011 from
http://www.parliament.nz/NR/rdonlyres/E9QOEE0C0-4ED1-4312-80A8-C1185D0E7240/197576/49SCES
ADV 00DBSCH EST 10721 1 A192552 OfficeofAud.pdf

Office of the Clerk of the House of Representatives (2010, 14 October). Parliamentary practice in New
Zealand. Retrieved January 19, 2012 from http://www.parliament.nz/NR/rdonlyres/592CICB6-6B61-
49E1-8946-E50E0B7D06D7/162968/PPNZChapter32 1.pdf

Office of the Prime Minister’s Science Advisory Committee (OPMSAC) (2011a). Improving the transition:
Reducing social and psychological morbidity during adolescence. Retrieved July 27, 2011 from

http://www.pmcsa.org.nz/publications

Office of the Prime Minister’s Science Advisory Committee (OPMSAC) (2011b). Towards better use of
evidence in policy formation: A discussion paper. Retrieved November 14, 2011 from
http://www.pmcsa.org.nz/wp-content/uploads/ Towards-better-use-of-evidence-in-policy-formation.pdf

Office of the Prime Minister’s Science Advisory Committee (OPMSAC) (2011c). Report to the Prime
Minister on the Office of Chief Science Advisor. Retrieved November 14, 2011 from
http://www.pmcsa.org.nz/wp-content/uploads/ CSA-report-2009-2011.pdf

Okinawa Institute of Science and Technology Graduate University (OIST) (n.d.[a]). A new 21st century
research university. Retrieved December 15, 2011 from
http://www.oist.jp/eventreport/new-21st-century-research-university

SCIENCE EMBRACED 2058



REFERENCES

Okinawa Institute of Science and Technology Graduate University (OIST) (n.d.[b]). OIST in a nutshell.
Retrieved December 15, 2011 from http://www.oist.jp/ oist-nutshell

Olson, S., & Merrill, S. (2011). Measuring the impacts of federal investments in research: A workshop
summary. National Academies Press. Retrieved September 21, 2011 from
http://www.nap.edu/catalog.php?record id=13208

Ong, C. (2010). Scholars return to boost local R&D industry. The Straits Times. Singapore.

Open Letter Group of Scientists (2006). Comments on MoRST sector engagement paper. Retrieved October
10, 2009 from http://www.psa.org.nz/Libraries/Media releases/ Comments - Stable Funding Env
Engagement Paper - 13-02-2006.sflb.ashx

Organisation for Economic Co-operation and Development (OECD/DAC) (1999). Assisting developing
countries with the formulation and implementation of National Strategies for Sustainable Development:

The need to clarify DAC targets and strategies. Retrieved March 26, 2010 from
http://www.docstoc.com/docs/39291775/ Assisting-Developing-Countries-with-the-Formulation-and

Organisation for Economic Co-operation and Development (OECD) (2004). Patents and innovation:
Trends and policy challenges. Retrieved September 22, 2011 from
http://www.oecd.org/dataoecd/48/12/24508541.pdf

Organisation for Economic Co-operation and Development (OECD) (2007a). OECD reviews of
innovation policy: New Zealand. Paris: OECD Publishing. Retrieved July 6, 2009 from
http://www.oecd.org/document/38/0,3746,en 2649 34273 39156838 1 1 1 1,00.html

Organisation for Economic Cooperation and Development (OECD) (2007b). Environmental Performance
Reviews: New Zealand, Chapter 1: Conclusions and Recommendations, 3. International Co-operation,
p- 10. Retrieved January 25, 2011 from
http://www.oecd.org/document/10/0,2340,en 2649 34307 37915274 1 1 1 1,00.html

Organisation for Economic Co-operation and Development (OECD) (2008a). Open innovation in global
networks. Retrieved November 1, 2011 from http://www.oecd.org/datacecd/22/44/41446671.pdf

Organisation for Economic Co-operation and Development (OECD) (2008b). OECD science, technology
and industry outlook 2008. Science and innovation country notes: New Zealand. Paris: OECD
Publishing.

Organisation for Economic Co-operation and Development (OECD) (2008c¢). Climate change mitigation.
What do we do? Retrieved November 21, 2011 from
http://www.oecd.org/dataoecd/30/41/41753450.pdf

Organisation for Economic Co-operation and Development (OECD) (2009). Main science and technology
indicators, Volume 2009, Issue 1. Retrieved November 29, 2011 from http://www.oecd-ilibrary.org/
science-and-technology/main-science-and-technology-indicators/volume-2009/issue-1 msti-v2009-1-en-fr

Organisation for Economic Co-operation and Development (OECD) (2010a). OECD science, technology
and industry outlook 2010. Science and innovation country notes: New Zealand. Retrieved November
1, 2011 from http://www.oecd.org/datacecd/40/57/46665457 .pdf

Organisation of Economic Cooperation and Development (OECD) (2010b). Education at a glance 2010:
OECD indicators. Retrieved December 2, 2011 from
http://www.oecd.org/document/52/0,3746,en 2649 39263238 45897844 1 1 1 1,00.html

Organisation for Economic Co-operation and Development (OECD) (2010c¢). Measuring innovation: A
new perspective. Retrieved September 16, 2011 from
http://www.oecd.org/innovation/strategy/measuring

Organisation for Economic Cooperation and Development (OECD) (2011a). OECD science, technology
and industry scoreboard 2011: Innovation and growth in knowledge economies. OECD, main science
and technology indicators database, June 2011. Retrieved December 6, 2011 from
http://www.oecd.org/document/10/0,3746,en 2649 33703 39493962 1 1 1 1,00.html

2058 SCIENCE EMBRACED | 175



REFERENCES

176

Organisation for Economic Cooperation and Development (OECD) (2011b). Main science and technology
indicators database, June 2011. Retrieved November 25, 2011 from
http://www.oecd.org/document/26/0,3746,en 2649 33703 1901082 1 1 1 1,00.html

Organisation for Economic Co-operation and Development (OECD) (2011c). Testing student and
university performance globally: OECD’s AHELO. Retrieved November 14, 2011 from
http://www.oecd.org/document/48/0,3343,en 2649 35961291 40624662 1 1 1 1,00.html

Organisation for Economic Co-operation and Development (OECD) (2011d). Reviews of innovation
policy. Retrieved September 16, 2011 from http://www.oecd.org/innovation/reviews

Organisation for Economic Cooperation and Development (OECD) (2011e). OECD Science, Technology
and Industry Scoreboard 2011. Figure 4.1.1, Figure 4.1.2. OECD, Main Science and Technology
Indicators Database, June 2011. Retrieved December 6, 2011 from http://www.oecd-ilibrary.org/sites/
sti scoreboard-2011-en/04/01/index.html?contentType = &itemld=/content/chapter/sti scoreboard-2011-
34-en&containerltemld = /content/serial/20725345&accessItemIds = /content/book/sti scoreboard-2011-
en&mimeType=text/html

Organisation for Economic Co-operation and Development (OECD) (n.d.). Glossary of statistical terms.
Retrieved November 23, 2011 from http://stats.oecd.org/glossary/index.htm

Palmer, C. M. (1994). The reform of the public science system in New Zealand: A bistory of the background
and implementation of the restructuring of the science system 1988-1993. Wellington: Ministry of
Research, Science and Technology.

Parliamentary Commissioner for the Environment (PCE) (2000). Caught in the headlights: New Zealanders’
reflections on possums, control options and genetic engineering. Retrieved October 21, 2011 from
http://www.pce.parliament.nz/publications/all-publications/caught-in-the-headlights-new-zealanders-

reflections-on-possums-control-options-and-genetic-engineering-3

Parliamentary Commissioner for the Environment (PCE) (2002). Creating our future: Sustainable
development for New Zealand. Retrieved April 21, 2010 from http://www.pce.parliament.nz/
publications/all-publications/creating-our-future-sustainable-development-for-new-zealand-3

Parliamentary Commissioner for the Environment (PCE) (2004). Missing links: Connecting science with
environmental policy. Retrieved January 18, 2012 from
http://www.pce.parliament.nz/publications/all-publications/missing-links-connecting-science-with-
environmental-policy-2

Parliamentary Commissioner for the Environment (PCE) (2010a). Making difficult decisions: Mining the
conservation estate. Retrieved November 14, 2011 from http://www.pce.parliament.nz/publications/all-
publications/making-difficult-decisions-mining-the-conservation-estate

Parliamentary Commissioner for the Environment (PCE) (2010b). Statement of intent 2010-2013.
Retrieved November 10, 2011 from

http://www.pce.parliament.nz/publications/all-publications/statement-of-intent-2010-2013

Parliamentary Commissioner for the Environment (PCE) (n.d.). How clean is New Zealand? Measuring
and reporting on the health of our environment: Commissioner’s overview. Retrieved January 18, 2012
from http://www.pce.parliament.nz/publications/all-publications/how-clean-is-new-zealand-measuring-and-

reporting-on-the-health-of-our-environment

Penman, D., Pearce, A., & Morton, M. (2011). From competition to collaboration: Challenges for

New Zealand science. Policy Quarterly, 7(4). Retrieved December 13, 2011 from http://ips.ac.nz/
publications/publications/show/326

Poh, L.C. (2011). Singapore’s biomedical push. The Straits Times. Singapore.

Policy Horizons Canada (in press). Re-defining progress: The well-being objective. International
Conference on Strategic Foresight in National Government, pp. 3-25. Seoul: Korean Women’s
Development Institute.

SCIENCE EMBRACED 2058



REFERENCES

Pond, J. A. (1883). On the pottery clays of the Auckland District. Retrieved June 21, 2011 from
http://rsnz.natlib.govt.nz/volume/rsnz 16/rsnz 16 00 008570.html

Porter, M. E. (1996). What is strategy? Harvard Business Review, November-December. Retrieved
November 23, 2011 from http://www.ipocongress.ru/download/guide/article/what is strategy.pdf

PricewaterhouseCoopers (PwC) (2010). Talent mobility 2020: The next generation of international
assignments. Retrieved December 12, 2011 from
http://www.pwc.com/gx/en/managing-tomorrows-people/future-of-work/pdf/talent-mobility-2020.pdf

PricewaterhouseCoopers (PwC) (2011). Counting the cost of carbon: Low carbon economy index 2011.
Retrieved December 8, 2011 from
http://www.pwc.com/gr/en/surveys/low-carbon-economy-index-2011.jhtml

Prime Minister’s Science Prizes (PMSP) (2011). About. Retrieved November 10, 2011 from

http://www.pmscienceprizes.org.nz

Procter, R. (2011). Enbancing productivity: Towards an updated action agenda. Ministry of Economic
Development Occasional Paper 11/01. Retrieved September 26, 2011 from
http://www.med.govt.nz/about-us/publications/publications-by-topic/occasional-papers/11-01-pdf/view

Ravetz, J. R. (2005). A No-Nonsense Guide to Science. Oxford: New Internationalist.

Readers Digest New Zealand (2011). New Zealand’s most trusted people. Retrieved December 23, 2011 from
http://www.readersdigest.co.nz/New-Zealand-Most-Trusted-People-2011

Reid, F. L. (2005). The democratic politician does not trouble himself with science: Class and
professionalism in the New Zealand Institute, 1867-1903. Tuhinga, 16, 21-31. New Zealand

Renwick, J. (2011). Philosophy of science and CRI life. New Zealand Association of Scientists. Retrieved
November 22, 2011 from http://www.scientists.org.nz/posts/2011/06/philosophy-of-science-and-cri-life

Research and Education Advanced Network New Zealand (REANNZ) (n.d.). Abour REANNZ. Retrieved

November 1, 2011 from http://www.reannz.co.nz/about-reannz

Research Infrastructure Advisory Group (RIAG) (2007). Scan of New Zealand’s large scale research
infrastructure needs 2007-2012. Retrieved November 22, 2011 from http://www.morst.govt.nz/
current-work/Science-Infrastructure-and-Data-Management/research-infrastructure/scan-2007-2012

Reserve Bank of New Zealand (n.d.). New Zealand inflation calculator. Retrieved May 18, 2010 from
http://www.rbnz.govt.nz/statistics/0135595.html

Richardson, P., Botherway, K., Cooper, R., Le Couteur, P., Potter, N., & Williams, J. M. (2004).
Growing for good: Intensive farming, sustainability and New Zealand’s environment. Wellington:
Parliamentary Commissioner for the Environment.

Ries, E. (2011). Why ‘innovation’ is almost totally meaningless. Washington Post. Retrieved December

14, 2011 from http://www.washingtonpost.com/national/why-innovation-is-almost-totally-
meaningless/2011/11/30/gIQA6020CO video.html

Rother, L. (2010). Brazil on the Rise: The story of a country transformed. Palgrave Macmilan, United States.

Rowarth, J. (2009). Farming in the global economy. Partners in Progress Dairy Summit, Christchurch,
25-26 March, pp. 81-87.

Rowarth, J. S., Goldson, S. L., & Lambie, T. C. (2006). The role of science in New Zealand’s innovative
future. New Zealand Science Review, 63(1), 5-16.

Royal Commission on Genetic Modification (RCGM) (2001). Report of the Royal Commission on Genetic
Modification. Retrieved May 23, 2011 from

http://www.mfe.govt.nz/publications/organisms/royal-commission-gm

2058 SCIENCE EMBRACED | 177



REFERENCES

178

Royal Society (UK) (2009). £2 billion needed for science ‘Grand Challenge’ to help feed the world. Retrieved
November 1, 2011 from
http://royalsociety.org/2-billion-needed-for-science-Grand-Challenge-to-help-feed-the-world

Royal Society (UK) (2010). The scientific century: Securing our future prosperiry. Retrieved October 28, 2011
from http://rovalsociety.org/policy/publications/2010/scientific-century

Royal Society (UK) (2011). Knowledge, networks and nations: Global scientific collaboration in the 21st
century. Retrieved November 14, 2011 from
http://royalsociety.org/policy/projects/knowledge-networks-nations/report

Royal Society of New Zealand (RSNZ) (2009). About. Retrieved September 22, 2011 from

http://www.royalsociety.org.nz/organisation/about

Royal Society of New Zealand (RSNZ) (2010a). Royal Society of New Zealand code of ethics and rules.
Retrieved November 23, 2010 from http://www.royalsociety.org.nz/organisation/about/code

Royal Society of New Zealand (RSNZ) (2010b). Financial statements. Retrieved September 22, 2011 from

http://www.royalsociety.org.nz/publications/reports/financial

Royal Society of New Zealand (RSNZ) (2011a). Free radical researcher Professor Christine Winterbourn wins
New Zealand’s top science and technology honour, the Rutherford Medal. Retrieved November 23, 2011
from http://www.royalsociety.org.nz/2011/11/17/2011-rutherford-medal

Royal Society of New Zealand (RSNZ) (2011b). Financial statements. Retrieved November 25, 2011 from

http:// www.royalsociety.org.nz/publications/reports/financial

Royal Society of New Zealand (RSNZ) (2011c). §53.8 Million Awarded to Marsden Fund Researchers.
Retrieved February 14, 2012 from http://www.royalsociety.org.nz/2011/10/06/53-8-million-awarded

Royal Society of New Zealand (RSNZ) (n.d.[a]). Background to the Marsden Fund. Retrieved September 22,
2011 from http://www.royalsociety.org.nz/programmes/funds/marsden/about/background

Royal Society of New Zealand (RSNZ) (n.d.[b]). Who we are: What is the Royal Society of New Zealand?
Retrieved January 26, 2012 from http://www.royalsociety.org.nz/organisation/about/who

Ryall, T. (2010, 25 March). State sector changes to improve performance. Retrieved April 8, 2010 from

http://www.beehive.govt.nz/release/state + sector + changes + improve + performance

Saini, A. (2011). Geek Nation: How Indian science is taking over the world. Hodder & Stogton, London.

Sandhu, H. S. (1977). A definition of environmental research. Environmental Management, 1(6). Retrieved
April 8, 2010 from
http://resources.metapress.com/pdf-preview.axd?code = m07jn240337164pp&size =largest

Science Learning Hub (2011). Citizen scientists. Retrieved December 15, 2011 from
http://www.sciencelearn.org.nz/Science-Stories/Butterflies/ Citizen-scientists

Science Media Centre (SMC) (2010). Desktop guide for covering science. Retrieved December 13, 2011 from
http://issuu.com/aimeew/docs/desktopguide#download

Science Media Centre (SMC) (2011). MSI: Breaking down the numbers on science funding. Retrieved
September 1, 2011 from

http://www.sciencemediacentre.co.nz/2011/05/24/msi-breaking-down-the-numbers-on-science-funding

Science New Zealand (SNZ) (n.d.). About Science New Zealand. Retrieved January 30, 2012 from http://

www.sciencenewzealand.org/ About-Science-New-Zealand

SCImago (2011a). SClmago journal and country rank. Retrieved September 22, 2011 from

http://www.scimagojr.com

SCImago (2011b). New Zealand. SCImago journal and country rank. Retrieved September 22, 2011 from
http://www.scimagojr.com/countrysearch.php?country =NZ

SCIENCE EMBRACED 2058



REFERENCES

Scoop Independent News (Scoop) (2011). Fonterra must explain self-reporting inaccuracy. Retrieved

December 23, 2011 from
http://www.scoop.co.nz/stories/PA1112/S00093/fonterra-must-explain-self-reporting-inaccuracy.htm

Shangqin, H., McCann, P., & Oxley, L. (2009). Innovation in New Zealand: Issues of firm size, local market
size and economic geography. Retrieved February 25, 2011 from

http://www.econ.canterbury.ac.nz/research/working papers.shtml

Shedroff, N. (1994). Information interaction design: A unified field theory of design. Retrieved December 18,
2011 from http://nathan.com/thoughts/unified

Shell (2011). Signals and signposts: Shell energy scenarios to 2050. Retrieved November 17, 2011 from
http://www.shell.com/home/content/aboutshell/our strategy/shell global scenarios/signals signposts

Siepmann, J. P. (1999). What is science? Journal of Theoretics, Vol. 1-3. Retrieved September 9, 2011 from

http://www.journaloftheoretics.com/editorials/vol-1/e1-3.htm

Silberglitt, R., Anton, P. S., Howell, D. R., Wong, A., Gassman, N., Jackson, B. A., Landree, E., Pfleeger,
S. L., Newton, E. M., & Wu, F. (2006). The global technology revolution 2020: In-depth analyses: Bio/
nano/materials/information trends, drivers, barriers, and social implications. RAND Corporation.
Retrieved November 1, 2011 from http://www.rand.org/pubs/technical reports/TR303.html

Singapore Press Holdings Limited (2011a). Star Gazing: History of A*Star: The 1990’s. The 2000’s. The
Straits Times. Singapore.

Singapore Press Holdings Limited (2011b). Scientists main grouses. The Straits Times. Singapore.

Smart, W. (2005). An analysis of funding allocations for staff and research degree completions in the
Performance-Based Research Fund. Ministry of Education. Retrieved July 22, 2011 from
http://www.manukau.ac.nz/ data/assets/pdf file/0009/4500/PBRF-Research-funding-guide.pdf

Smart, W. (2007). Quality vs impact: A comparison of performance-based research fund quality scores with
citations. Ministry of Education. Retrieved September 22, 2011 from
http://www.educationcounts.govt.nz/publications/tertiary education/11766

Smart, W. (2009). The impact of performance-based research fund on the research productivity of New
Zealand universities. Social Policy Journal of New Zealand, 34, 136-151. Retrieved March 30, 2010
from http://www.msd.govt.nz/about-msd-and-our-work/publications-resources/journals-and-magazines/
social-policy-journal/spj34/34-impact-on-research.html

Smith, W. (1998). Science into policy: An evaluation of the use of science in policy formulation. A contract
report submitted to the Ministry of Research, Science and Technology by Dr W. Smith, University
of Auckland. Wellington: MoRST.

Snively, S. (2011, 8 November). High trust provides global opportunities for New Zealand: Transparency
International New Zealand. Presentation at Victoria University and University of Auckland,
November 2011. Retrieved December 9, 2011 from http://www.victoria.ac.nz/sacl/about/business-
links-seminars/documents/tinz-suzanne-snively-fraud-survey-nov-2011.pdf

Snowden D. J., & Boone, M. E. (2007). A leader’s framework for decision making. Harvard Business

Review. Retrieved November 1, 2011 from
http://hbr.org/2007/11/a-leaders-framework-for-decision-making/ar/1

Social Sciences’ Reference Group (SSRG) (2005). Coming of age: Social science research and its contribution
to wealth and well-being in New Zealand, 2006-2016. Retrieved June 29, 2009 from
http://www.morst.govt.nz/Documents/publications/researchreports/ Coming-of-Age-report-2005.pdf

Sommer, J. (2010). 2008 survey of New Zealand scientists and technologists. New Zealand Science Review,
67(1), 1-40.

State Services Commission (SSC) (2010). Next steps in improving state services performance. Retrieved April
8, 2010 from http://www.ssc.govt.nz/upload/downloadable files/next-steps-in-improving-state-services-

performance-march10.pdf

2058 SCIENCE EMBRACED | 179



REFERENCES

180

Statistics New Zealand (2002). Monitoring Progress Towards a Sustainable New Zealand: An experimental
report and analysis. Retrieved February 3, 2012 from http://www.stats.govt.nz/browse for stats/
environment/sustainable development/monitoring-progress-towards-sustainable-nz.aspx

Statistics New Zealand (2006). 2006 census data: QuickStats about culture and identity. Retrieved February
16, 2010 from http://www.stats.govt.nz/Census/2006CensusHomePage/QuickStats/quickstats-about-a-
subject/culture-and-identity/ethnic-groups-in-new-zealand.aspx

Statistics New Zealand (2009). National population projections: 2009 (base)-2061. Retrieved

February 16, 2010 from http://www.stats.govt.nz/ ~ /media/Statistics/Browse%20for%20stats/
NationalPopulationProjections/HOTP09base-61/NationalPopulationProjections09base-6 1IHOTP.ashx

Statistics New Zealand (2010). Key findings on New Zealand's progress using a sustainable development
approach: 2010. Retrieved February 3, 2012 from http://www.stats.govt.nz/browse for stats/
environment/sustainable development/key-findings-2010.aspx

Statistics New Zealand (2011a). National population projections: 2009 (base)~2061. Retrieved December
16, 2011 from http://www.stats.govt.nz/browse for stats/population/estimates and projections/
NationalPopulationProjections HOTP09base-61.aspx

Statistics New Zealand (2011b). Research and development in New Zealand: 2010. Retrieved September 30,
2011 from http://www.stats.govt.nz/browse for stats/businesses/research and development/research-
development-in-new-zealand-2010.aspx

Statistics New Zealand (n.d.). National population estimates. Retrieved November 1, 2011 from http://
www.stats.govt.nz/browse for stats/population/estimates and projections/national-pop-estimates.aspx

Stringleman, H. (2011, November 14). Aquaculture opportunities expanded. New Zealand Farmers Weekly.
Retrieved November 14, 2011 from http://www.nzfarmersweekly.co.nz/article/9106.html

Sustainable Future Institute (SFI) (2007). A National Sustainable Development Strategy: How New Zealand
measures up against international commitments. Report 1. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2008a). The common elements of a National Sustainable Development
Strategy: Learning from international experience. Report 5. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2008b). The history of genetic modification in New Zealand. Retrieved
November 21, 2011 from http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2008c). Review of the forty-nine recommendations of the Royal
Commission on Genetic Modification. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2008d). While AgResearch fiddled. Think Piece 6. Retrieved December
21, 2011 from http://sustainablefuture.info/Site/Publications/Think Pieces.aspx

Sustainable Future Institute (SFI) (2009a). A history of government-funded science 1865-2009. Report 9a.
Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2009b). Exploring New Zealand and international government-funded
science goals. Working Paper 2009/05. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/ Working Papers.aspx

Sustainable Future Institute (SFI) (2009¢). A Methodological Approach to Maori-focused Research. Working
Paper 2009/02. Retrieved January 20, 2012 from
http://sustainablefuture.info/Site/Publications/Working Papers.aspx

Sustainable Future Institute (SFI) (2010a). Exploring long-term policy drivers in science: A scan of
international think tanks. Working paper 2010/01. Retrieved December 13, 2011 from

http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

SCIENCE EMBRACED 2058



REFERENCES

Sustainable Future Institute (SFI) (2010b). Exploring the shared goals of Maori: Working towards a National
Sustainable Development Strategy. Report 7. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011a). A History of Government-funded science 2009-2011. Report 9b.
Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011b). MSI Innovation Investment Board: Legislation, operation and
board membership. Working Paper 2011/14. Retrieved December 13, 2011 from

http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011c). MSI Science Investment Board: Legislation, operations and board
membership. Working Paper 2011/15. Retrieved December 13, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011d). New Zealand universities: Research activities, commercialisation
and international benchmarking. Working Paper 2011/17. Retrieved December 13, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011e). New Zealand’s Crown Research Institutes: Legislation, operation
and governance. Working Paper 2011/18. Retrieved December 13, 2011 from

http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (20111). A history of future-thinking initiatives in New Zealand, 1936-2010:
Learning from the past to build a better future. Report 11. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011g). StrategyNZ: Mapping our Future workbook: Exploring visions,
foresight, strategies and their execution. Report 12. Retrieved December 19, 2011 from
http://sustainablefuture.info/Site/Publications/StrategyNZ Workbook.aspx

Sustainable Future Institute (SFI) (2011h). One integrated annual report survey of New Zealand’s top 200
companies. Retrieved November 21, 2011 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (20111). StrategyNZ: Mapping our Future strategy maps. Report 13.
Retrieved November 21, 2011 from

http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2011j). StrategyNZ: Mapping our Future e-book. Reflections from
participants of the workshop — March 30/31. Retrieved November 21, 2011 from
http://sustainablefuture.info/Site/StrategyNZ/Reflections.aspx

Sustainable Future Institute (SFI) (2012a). Project 2058: Methodology and review of work. Version 4.

Retrieved January 30, 2012 from
http://www.sustainablefuture.info/Site/Publications/Project Reports.aspx

Sustainable Future Institute (SFI) (2012b). Submission - Exclusive Economic Zone and Continental Shelf
(Environmental Effects) Bill. Retrieved February 13, 2012 from

http://www.sustainablefuture.info/Site/Publications/Submissions.aspx

Syed, M. (2010). Bounce. London: Fourth Estate.

Tait, J., & Lyall, C. (2002). Foresight in a multi-level governance structure: Policy integration and
communication. Paper prepared for the STRATA-ETAN Expert Group Action on Mobilising
the regional foresight potential for an enlarged European Union. Brussels: European Commission.
Retrieved November 14, 2011 from
http://ec.europa.eu/research/social-sciences/pdf/foresight-in-multilevel-governance en.pdf

Taleb, N. N. (2007). The black swan: The impact of the highly improbable. New York: Random House.

Te Puni Kokiri (TPK) (2011). The Maori economy, science and innovation. Retrieved May 16, 2011 from
http://www.tpk.govt.nz/ documents/taskforce/met-rep-ecosciinovate-2011.pdf

2058 SCIENCE EMBRACED | 181



REFERENCES

Tertiary Education Commission (TEC) (2009a). Centres of research excellence. Retrieved March 31, 2010
from http://www.tec.govt.nz/Funding/Fund-finder/CoREs

Tertiary Education Commission (TEC) (2009b). Performance-based research fund. Retrieved July 22, 2011
from http://www.tec.govt.nz/Funding/Fund-finder/Performance-Based-Research-Fund-PBREF-

Tertiary Education Commission (TEC) (2011). Performance-based research fund: Annual report 2009.
Retrieved September 9, 2011 from
http://www.tec.govt.nz/Documents/Publications/pbrf-2009-annual-report.pdf

Tham, I. (2012). Top global thinker, innovator at age 30. The Straits Times. Singapore.
The Economist (2011). Economics A-Z. Retrieved November 1, 2011 from

http://www.economist.com/economics-a-to-z

Transparency International New Zealand (TINZ) (2009). About us. Retrieved December 9, 2011 from
http://www.transparency.org.nz/index.php/about

Transparency International (n.d.). Surveys and indices: Corruption perceptions index. Retrieved December 9,
2011 from http://www.transparency.org/policy research/surveys indices/cpi

Treasury (2000). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2000/estimates/est00ressci.pdf

Treasury (2001). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2001/estimates/est01ressci.pdf

Treasury (2002). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2002/estimates/est02ressci.pdf

Treasury (2003). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2003/estimates/est03ressci.pdf

Treasury (2004). Vote Research, Science and Technology. Retrieved April 1, 2010 from
http://www.treasury.govt.nz/budget/2004/estimates/estO4ressci.pdf

Treasury (2005). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2005/estimates/estO5ressci.pdf

Treasury (2006). Vote Research, Science and Technology. Retrieved April 1, 2010 from
http://www.treasury.govt.nz/budget/2006/estimates/estObressci.pdf

Treasury (2007). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2007/estimates/est07 ressci.pdf

Treasury (2008). Vote Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2008/estimates/estO8ressci.pdf

Treasury (2009a). Vore Research, Science and Technology: Performance information for appropriation.
Retrieved May 18, 2009 from http://www.treasury.govt.nz/budget/2009/ise/v2/ise09-v2-pia-ressci.pdf

Treasury (2009b). Vore Research, Science and Technology. Retrieved April 26, 2010 from
http://www.treasury.govt.nz/budget/2009/estimates/est09ressci.pdf

Treasury (2010a). Vote Research, Science and Technology. Retrieved November 25, 2010 from
http://www.treasury.govt.nz/budget/2010/estimates/est10ressci.pdf

Treasury (2010b). Vore, Research Science and Technology: Performance information for appropriations.
Retrieved February 2, 2012 from http://treasury.govt.nz/budget/2010/ise/v2

Treasury (2010c). Review of Expenditure on Policy Advice: Improving the quality and value of policy
adwvice. findings of the committee appointed by the government to review expenditure on policy advice.
Retrieved February 9, 2012 from http://www.treasury.govt.nz/statesector/policyexpenditurereview

Treasury (2011a). The Estimates of Appropriations: Introduction. Retrieved December 13, 2011 from
http://www.treasury.govt.nz/budget/2011/estimates

182| SCIENCE EMBRACED 2058



REFERENCES

Treasury (2011b). The Estimates of Appropriations: Summary tables. Retrieved December 13, 2012 from
http://www.treasury.govt.nz/budget/2011/estimates

Treasury (2011c). The Estimates of Appropriations: Vote science and innovation. Retrieved November 1,
2011 from http://www.treasury.govt.nz/budget/2011/estimates/est11sciinn.pdf

Treasury (2011d). Education and Science Sector - Information supporting the estimates of appropriations for
the government of New Zealand for the year ending 30 June 2012: Introduction. Retrieved January 30,
2012 from http://treasury.govt.nz/budget/2011/ise/v2

Treasury (2011e). Vore Science and Innovation: Performance information for appropriations. Retrieved
November 23, 2011 from http://www.treasury.govt.nz/budget/2011/ise/v2/ise11-v2-pia-sciinn.pdf

Treasury (2011f). Projects responding to the review of expenditure and policy advice. Retrieved February 9,
2012 from http://www.treasury.govt.nz/downloads/pdfs/per-projects-sep11.pdf

Treasury (2011g). Review of Expenditure on Policy Advice: Heads of profession (HoP) generic design. Retrieved
February 9, 2012 from http://www.treasury.govt.nz/downloads/pdfs/per-hop-oct11.pdf

Treasury (n.d.[a]). Statements on New Zealand's Long-term Fiscal Position. Retrieved February 2, 2012 from
http://www.treasury.govt.nz/government/longterm/fiscalposition

Treasury (n.d.[b]). Glossary. Retrieved January 30, 2012 from

http://www .treasury.govt.nz/aboutthissite/glossary

Treverton, G. F. (2003). Reshaping national intelligence for an age of information. Cambridge: Cambridge
University Press.

Trilateral (n.d.). Glossary of patent related terms. Retrieved January 13, 2012 from

www.trilateral.net/glossary.html

United Kingdom Government (UK Govt) (2011). About. Retrieved December 13, 2011 from
http://data.gov.uk/about

United Nations (UN) (1997). Programme for the further implementation of Agenda 21. A/RES/5-19/2.
Geneva: United Nations General Assembly Resolution. Retrieved July 24, 2010 from
http://www.un.org/documents/ga/res/spec/aress19-2.htm

United Nations Department of Economic and Social Affairs (UNDESA) (2002a). Johannesburg Plan of
Implementation. United Nations Department of Economic and Social Affairs. Retrieved March 31,
2011 from http://www.un.org/esa/sustdev/documents/ WSSD POI PD/English/POIToc.htm

United Nations Department of Economic and Social Affairs (UNDESA) (2002b). Guidance in preparing a
national sustainable development strategy: Managing sustainable development in the new millennium.
Background paper No. 13. Retrieved March 12, 2011 from
http://www.un.org/esa/sustdev/publications/nsds_guidance.pdf

United States Congress, Office of Technology Assessment (1991). Federally funded research: Decisions for a
decade. Retrieved November 21, 2011 from
http://govinfo.library.unt.edu/ota/Ota 2/DATA/1991/9121.PDF

United States Department of Energy (2010). FY 2010 SC laboratory performance report cards. Retrieved
May 9, 2011 from http://science.energy.gov/Ipe/performance-appraisal-process/fy-2010/argonne

United States Department of Energy (2011). Laboratory policy and evaluation (LPE). Retrieved May 9, 2011

from http://science.energy.gov/lpe/performance-appraisal-process

United States Department of Energy (n.d.). Abour Argonne. Retrieved October 12, 2011 from
http://www.anl.gov/Administration/index.html

University Commercialisation Offices of New Zealand (UCONZ) (2008). University research
commercialisation: Paying dividends for New Zealand. Retrieved December 21, 2010 from
http://www.nzvcc.ac.nz/why-universities-matter/commercialisation

2058 SCIENCE EMBRACED | 183



REFERENCES

University of Auckland (n.d.). Growing up in New Zealand. Retrieved November 9, 2011 from

http://www.growingup.co.nz

University of Christchurch (n.d.). Christchurch Health and Development Study. Retrieved November 1,
2011 from http://www.otago.ac.nz/christchurch/research/healthdevelopment

University of Otago (n.d.). Dunedin Multidisciplinary Health and Development Study. Retrieved November
1, 2011 from http://dunedinstudy.otago.ac.nz

University of Oxford (2011). Frascati definition of research. Retrieved October 17, 2011 from
http://www.admin.ox.ac.uk/researchsupport/applying/frascati

Van Noorden, R. (2010). A profusion of measures. Nature, 465, 864-866.

Vetenskap & Allmanhet (2011). Public engagement: International review, analysis and proposals on indicators
Jor measuring public engagement. Retrieved November 10, 2011 from
http://v-a.se/2011/06/public-engagement-international-review-analysis-and-proposals-on-indicators-for-
measuring-public-engagement

Washbourne, H. P. (1888). Minerals ar Nelson. Retrieved June 21, 2011 from
http://rsnz.natlib.govt.nz/volume/rsnz 20/rsnz 20 00 006490.html

Weingart, P. (2005). Impact of bibliomerrics upon the science system. Inadvertent consequencess Institute for
Science & Technology Studies, University of Bielefeld. Retrieved September 22, 2011 from
http://www.allea.org/Pages/ ALL/19/362.bGFuZz1FTkc.html

Welfare Working Group (2011). Reducing long-term benefit dependency: The options. Retrieved December
15, 2011 from http://ips.ac.nz/WelfareWorkingGroup/Index.html

Whitesides, G. (2011, December). The frugal way. The Economist: The World in 2012, p. 154.

Williams, D. (1997). Matauranga maori and taonga: The nature and extent of Treaty rights held by iwi
and hapii in indigenous flora and fauna cultural beritage objects and valued traditional knowledge.
Retrieved December 23, 2011 from

http://www.waitangi-tribunal.govt.nz/inquiries/genericinquiries2/florafauna/mtaurangamoriandtaonga.asp

Woodfield, C. (2011, March 2 ). Squid gel nets uni 'several million'. National Business Review. Retrieved
February 8, 2012 from http://www.nbr.co.nz/article/squid-gel-nets-uni-several-million-cw-87314

World Economic Forum (2011). Global risks 2011: An initiative of the risk response network. (6th edn.)
Retrieved November 17, 2011 from http://riskreport.weforum.org

World Trade Organization (WTO) (n.d.). What are intellectual property rights? Retrieved November 23,
2011 from http://www.wto.org/english/tratop e/trips e/intell e.htm

X PRIZE Foundation (2011a). X PRIZE Foundation space initiatives. Retrieved November 1, 2011 from
http://space.xprize.org

X PRIZE Foundation (2011b). Who we are. Retrieved November 1, 2011 from

http://www.xprize.org/about/who-we-are

184 | SCIENCE EMBRACED 2058



MCGUINNESS INSTITUTE
TE HONONGA WAKA



