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Abstract

This article summarises current science and technology research in New Zealand that is directly or 

indirectly related to "new" technologies. These technologies include robotics, genetic engineering, 

nanotechnology and information technologies and they will dominate science and technology 

fields in the early 21st century. Based on funding figures from the Marsden, PGSF, NERF and HRC programmes an estimated NZ $85 million per year is directed towards fundamental R&D in these new technologies. Present participation of New Zealand in new technology R&D is low (possibly by as much as a factor of 3) compared to other countries of similar populations and economies. A summary of the beginnings and present (global) status of these new technologies is presented. Suggestions for the facilitation of growth of R&D in niche new technologies are given. It is argued that greater participation in such inevitable technologies should be rapidly supported, paralleled with inclusive community discussion.

1 Introduction

We are currently in a unique situation of knowing which new technologies will dominate (at least in the 

first part of) the 21st century. These are robotics, genetic engineering (hereafter referred to as GE), 

nanotechnology and information technology (hereafter IT). These four technologies are more correctly 

labelled "new" rather than future, for in each case substantial progress in development and products has 

been made since their modern forms were conceptualised. 

Of these four technologies arguably GE and IT have already introduced the most profound changes in 

our knowledge of the world and ourselves and in the way we live, socialise and work. We are living in 

the age of cloning (exact reproduction from a cell), transgenics (moving or modifying genes) and 

sometime around 2003 we will accurately know the blueprint of our genetic code, the entire human 

DNA sequence or human genome. We are also living in the age of the Internet, e-commerce, tele-

commuting, email, wireless application protocol (WAP) and supercomputers. IT covers many areas but 

its impact centres on the speed and accessibility of information transfer via computers. Important 

advances in computer speed, capacity and transfer rates of information (ie. text, images, audio, animations), coupled with decreasing price have changed the way we live and work. 

The future will see equally profound changes. Reasonably soon (some predict by 2040) we will live in an age of ultra-fast computers that will have the capacity, capability and speed of the human brain. Robots that will use these ultra-fast computers and have the (predicted) capacity of human-like thought will truly revolutionise our lives and existence. 

Nanotechnology is the technology of, and construction on, atomic scales. It is possible that nano-

machines will be operating reliably within the next decade. Nano-scale objects, some having the ability 

to self-replicate, have incredible prospects in fields as diverse as medicine and the aerospace industry.

The advances promised by such technologies may come with risks both known and unknown. 

The reality and dangers of robots with human-like capacity for thought (sentient robots) has been and 

continues to be debated. Are they are a potential threat to the human population? Will humans evolve by 

adopting and incorporating robot technology?

Knowledge of human’s (and other animals’) DNA sequencing can lead to fundamental breakthroughs in 

disease and virus prevention. Such knowledge is also potentially dangerous if used to discriminate 

against individuals, families, ethnic groups or races based on their genetic make-up. How will humans 

use this powerful information? Will we become a society that pre-selects our children by their genetic 

traits? The release or transfer of genetically modified materials into GE-free environments could alter 

plants and animals in irreversible ways and be compounded by domino-like effects across whole eco-

systems. Unfortunately national legislation appears to be completely unable to stop such releases from 

causing global damage.

Critics of nanotechnology (and some proponents) are concerned about the possible future ability of 

atomic-scale devices to self-replicate in uncontrolled ways leading to overpopulation, domination and 

possible destruction of their (and other) environments.  Those concerned with the potential dangers of 

self-replication even include an IT proponent (Joy 2000), a cofounder and Chief Scientist of Sun 

Microsystems, and member of the Presidents IT Advisory Committee (U.S.A.).
Changes in lifestyle due to the Internet have already occurred (eg. e-commerce, tele-commuting) and 

trends towards such Internet-based work practices and lifestyles will no doubt grow. Will these affect 

society and human behaviour in positive or negative ways? 

All of these new technologies are related because the key to their future success is via the construction 

or manipulation of nanometre-scale components. A nanometre is 10-9 metre (one billionth of a metre) 

and is a suitable unit to describe the sizes of individual atoms and molecules. It is technology on this 

scale that has transformed, and will further transform, society. The present and future role of New 

Zealand research and development in that transformation is the overall subject of this paper. 

2 New Technologies – Beginnings and Highlights

Determining the exact beginnings of these new technologies is not critical to this discussion. I will, 

however, describe the major discoveries or results that are necessary for understanding the advances 

already made and to help us imagine their potential directions.  

2.1 Robotics – late 1950s

The concept of robots was first introduced to describe artifical workers by the Czech Karel Capek in his 

play R.U.R. (Rossum’s Universal Robots) that opened in 1921. Robots and robotics (the study and use 

of robots) was then popularised by Isaac Asimov in his works of science fiction from the 1940s 

onwards. Then two notable theoretical works in robotics and artificial intelligence occurred in the 

1950s. Alan Turing, the English mathematician and logician, developed a test in 1950 to determine if a 

computer possessed intelligence comparable to a human being. During the 1950s John von Neumann,

the Hungarian-born mathematician  developed a theory of the replication cycle of a self-reproductive 

machine. I will define the beginning of applied robotics as the first industrial robots built in the late 

1950s and early 1960s. Rapid improvement in the capability and performance of robot (arms) developed 

from R&D within the automotive industry in the early 1980s. Today, both European and Japanese 

companies are heavily invested in industrial robot arm technology.  

2.2 Genetic Engineering - 1944

I will define Genetic Engineering to include the inter-related fields of genetics, molecular biology and 

biotechnology
. Genetics concerns the mechanisms of inheritance. Molecular biology is the study of 

biological processes on molecular or nano-scales. Biotechnology now centres on genomics (mapping, 

sequencing and function determination of genes), genetic modification and transgenics. For the 

purposes of this paper I will classify the beginning of GE as the discovery of the role of 

deoxyribonucleic acid (hereafter referred to as DNA) in the transmission of hereditary information 

(Avery, McLeod and McCarty, 1944; see Figure 1). The discovery of the DNA double helix structure in 1953 (Watson and Crick 1953) was one of the major breakthroughs in 20th century science. A baby born in 1978 was the first in-vitro fertilised (commonly referred to as test-tube) human. In 1990 the first human gene therapy trial was performed and in 1996 “Dolly” the sheep was cloned from an adult sheep cell.

Figure 1 here

2.3 Nanotechnology – late 1980s

Richard Feynman was one of the first to conceptualise and promote nanotechnology. In a 1959 talk 

to the American Physical Society entitled "There's Plenty of Room at the Bottom - An Invitation to 

Enter a New Field of Physics" (published in Feynman 1960) Feynman publicly "laid the gauntlet" and 

envisioned nanotechnology.  However, atomic manipulation, needed by nanotechnology, only became 

feasible in the early 1980s via the invention of the scanning tunneling microscope (STM).  It took until 

the late 1980s for atomic manipulation to become a reality via the accurate and repeatable relocation of 

individual Xenon atoms across surfaces (Eigler and Schweitzer 1990).

Figure 2 here

Much work was carried out during the 1990s in developing nanostructure manufacturing techniques. 

This included research on the promising carbon nanotubes (long, cylindrical structures made of carbon) 

and determining their properties. Figure 2 shows a carbon nanotube with platinum electrodes shown for 

scale.
2.4 Information Technology - 1969

I will define the beginning of IT as the initial set-up of the Advanced Research Projects Agency 

(ARPA) network, or ARPAnet in 1969. This initially comprised the networking of four university 

computers in California and Utah. Several versions of networking were then developed each based on 

different ways of connecting computers, data transfer and control systematics (called protocols). The 

standard protocol (TCP/IP), universally adopted in 1983, allowed major improvements in the accessing 

and indexing of networked resources by the late 1980s.  At this stage a truly powerful “Inter-Net” had 

finally arrived. 

Notable improvements and advances included the initial birth of the World Wide Web (WWW or the 

Web) in 1989, a protocol for information distribution via hypertext links. In 1993 the Mosaic graphical 

browser showed the potential of the Web, and we now have 2nd generation browsers such as Netscape 

and Microsoft Explorer. Along the way the Internet evolved from a network of university computers to 

a network accessible by all, and which supports commercial use. The widespread use of the Internet has 

come about due to the rapid evolution (speed, memory, price) of the personal computer (PC) which 

occurred over the same period.

3 Participation of New Zealand in New Technologies

This section will summarise New Zealand’s participation in new technologies.

3.1 The Knowledge Base as of 1997

A twelve volume series entitled “The New Zealand Knowledge Base Reports” (MoRST 1997) 

comprehensively describes the state of scientific and technical research and development as of mid-to-

late 1997. The report volumes entitled Physical Sciences; Chemical Sciences; Information, Computer 

and Communication Technologies; Applied Sciences and Technologies and Biological Sciences 

describe direct and related New Zealand R&D work in new technologies. This series provides a 

relatively recent summary and has been expanded upon in section 3.3 below.                 

3.2 Current New Technology funding
Determining the current level of funding for R&D in the four new technology fields is difficult. However several funding agencies kindly provided summaries of their funding allotments.

The Marsden Fund is the primary fundamental research funding source. Almost one half (46%) of Marsden funds are directed to IT, Nanotechnology and “Genetic Techniques” (comprising DNA mapping and sequencing and Gene function and expression research). Approximately $NZ 12 million is directed each year from Marsden into the four new technologies, with approximately 80% of this total directed into programmes involving genetics.

The Health Research Council (HRC) recently provided information to the Royal Commission on Genetic Modification regarding contracts funded in 2000/01. About 40% ($NZ 16 million) of the total HRC investment involved the use of genetic technologies. 

Far larger than Marsden Fund and HRC funding was the (former
) Public Good Science Fund (PGSF), that allocated approximately $NZ 300 million/year. The available Output Class (or “Market”) totals do not give an accurate indication of the input technologies used or developed. Selecting by the PGSF programme titles the author estimated 14% and 10% ($NZ 41 million and $NZ 30.5 million respectively) in 1998 and 1999 were related to new technology research. These estimates are more than likely lower limits.

A decrease in the 1999 level of the PGSF outlay was partially recovered by the introduction of the 

New Economy Research Fund (NERF) in 2000. This new fund allocated about 39% ($NZ 4.2 million) of its total ($NZ 10.8 million) to new technology-related research (again estimated from NERF programme titles). 

Taken together, and allowing for a 50% error in the above PGSF levels, the above figures suggest that 

R&D funding of the four new technology areas is ~$NZ 85 million per year.        

This level of investment is naturally lower than in the traditional large investing countries such as U.S.A., U.K. and Japan, but in relative terms it is still very low in comparison with recent new technology investments made by similar (in terms of population and economic development) countries to New Zealand such as Finland and Ireland. For example, Ireland plans to invest £560 million (or

approximately $NZ 200 million per year) during 2000-2006 to create world-class capabilities in the niche areas of information and communications technology and biotechnology (Batterham 2000).  

The difficulty in summarising the funding of new technology research in New Zealand comes about because of several factors. Changes in Vote structure, lack of consistency of input research classifications and timing issues associated with differences between allocations in Budgets and letting of contracts all complicate the above calculations of funding.  
3.3 New Zealand New Technology research groups 

This section summarises the key New Zealand research groups active in new technologies. Though not 

exhaustive, it should provide an indication of current participation. 

3.3.1 Robotics

R&D participation in robotics is quite narrow, although many outputs are internationally recognised. 

The Advanced Manufacturing Team at Industrial Research Limited have designed and built “cobots” 

(co-operative robots). These are manually operated and are used in repetitive or large weight-bearing 

tasks (ie. meat processing) to prevent injuries to personnel. Figure 3 shows the sheep carcass processing 

robot developed by IRL. 

Figure 3 here
The University of Otago has a Robotics research group in the Department of Computer Science. In 1987 

an Artificial Intelligence (A.I.) research laboratory was also established there, and in 1999 the 

University of Auckland established a Centre for Image Technology and Robotics. 

3.3.2 Genetic Engineering 

GE research is strong in New Zealand, reflecting both the historical economic importance of primary 

production and a strong national history in the biological sciences. Work in GE is currently undertaken 

mainly at CRIs and Universities. 

Recent funding has been given to the Dept. of Biochemistry, University of Otago to discover the genes 

that cause Atherosclerosis. Recent funding to Massey will help to understand the genetic 

properties of the Candida yeast that can turn into a deadly pathogen, and aid research into the parasite 

Giardia that contaminates fresh water supplies. Other ongoing GE research includes work at Forest Research on the identification of genes that are important for wood development in Radiata Pine.
New Zealand GE research has also benefited from the country’s unique fauna and flora. Techniques 

developed to identify and measure genetic diversity are important  locally and globally in 

establishing the diversity of endangered species. These new techniques should allow efficient 

management of biodiversity and hopefully ensure the survival of endangered populations. New 

Zealand’s geographical isolation may in fact prove benefical in developing these and other GE 

techniques. 

3.3.3 Nanotechnology 

A varied participation in nanotechnology and nano-structure research is underway: The University of 

Auckland actively works in Quantum Optics, Quantum effects of trapped atoms; and Bose-Einstein 

Condensates. The University of Canterbury has research groups in Molecular Architecture and 

Nanostructures and Devices (including NEST: Nanostructure Engineering Science and Technology). 

Otago University has groups with interests in Nano-switches, Atom interferometry and Bose-Einstein 

condensates. 

Additionally, Victoria University of Wellington has an active group working on electronic transport in 

carbon nanotubes and conducting polymers. Research into properties of high temperature 

superconductors is also ongoing in a collaboration between IRL and Victoria University of Wellington.

3.3.4 Information Technology    

IT R&D is undertaken only in a few select areas. New Zealand has taken a significant role in the 

development of applications utilising the Internet. There are proven strengths in application software 

(see Figure 4, the well known “Virtual Spectator” from Animation Research Ltd, a company with links 

to the University of Otago Department of Computer Science) and general software development. 

Figure 4 here
Research in these areas is also undertaken at the University of Auckland Hypermedia Unit and the New 

Zealand Digital Library at the University of Waikato.
Other areas of IT research include Artificial Intelligence and Expert Systems. As well as Otago and 

Auckland Universities research is carried out at Waikato and Massey Universities, with 

particular emphasis on building (Building Research Association of New Zealand) and medical (Otago) 

systems. 

Neural network research is carried out primarily at Otago and Auckland with smaller efforts at Massey 

and Victoria University of Wellington.

As noted in the New Zealand Knowledge Base Reports (MoRST, 1997) there is (still) little 

supercomputer usage and there is no major integrated circuit fabrication facility that might attract 

associated research. The August 2000 decision by Motorola not to locate a software development centre 

in Christchurch despite Government enticements is a notable setback in this area.

4 Leading the Race

The following descriptions are intended to provide a snapshot of leading, global new technology 

research and related research. Readers are encouraged to visit the web sites listed in the references for 

more details.

4.1 Robotics 

The Starlab research laboratory in Brussels hosts the Brain Builder Group that is attempting to build an 

artificial brain. They are completing a 75 million neuron cellular automata (CA) based network to create 

an artifical brain architecture of a robot kitten, after initially proposing to build a 1 billion neuron 

network. 

The Robotics Institute, attached to the School of Computer Science, Carnegie Mellon University, has a 

varied programme in basic and applied research. Their web site has detailed information which the 

interested reader can peruse. However two programmes worth identifying are

 a) robotic explorers that work with minimal human intervention, similar to the recent successful Mars Sojourner Rover, (see Figure 5), and 

b) developing robots with personality (important for their future interaction with humans).

Figure 5 here

4.2 Genetic Engineering 

Gene sequencing has already been completed for such organisms as yeast and the roundworm 

Caenorhabditis elegans (1998). A consortium that includes the private company Celera Genomics 

announced the sequencing of Fruit Fly Drosophila melanogaster in early 2000. 

In June 2000 the Human Genome Project and Celera Genomics announced the first initial sequencing of 

the human genome. Full decoding of the human genome is still anticipated in around 2003. 

4.3 Nanotechnology 

Zyvex is a leading molecular nanotechnology research and development company that has achieved 

notable successes, including probably the most sophisticated manipulation of carbon nanotubes to date 

(Skidmore et al. 1999). Design of molecular machinery is also ongoing at the Institute for 

Molecular Manufacturing (IMM), a non-profit foundation formed in 1991.

The Foresight Institute, linked with IMM, is a non-profit educational organisation formed to 

promote molecular nanotechnology. Hence the linkage between IMM and Foresight Institute shows a 

strong effort to publicise new research and development well before its anticipated wide usage in 

society. 
The future of nanotechnology has been summarised in a recent review of molecular nanotechnology 

with particular reference to aerospace applications (Globus 1999) by the following:

“ Nanotechnology advocates and detractors are often preoccupied with the question "When?" There are three interrelated answers to this question …

    1. Nobody knows. There are far too many variables and unknowns. Beware of those who have excessive confidence in any date. 

    2. The time-to-nanotechnology will be measured in decades, not years. While a few applications will become feasible in the next few years, programmable assembler/replicators ... will be extremely difficult to develop. 

    3. The time-to-nanotechnology is very sensitive to the level of effort expended. Resources allocated to developing nanotechnology are likely to be richly rewarded, particularly in the long term. “

4.4 Information Technology 

Probably the most anticipated development has been research into molecular computers, (bringing 

together IT and nanotechnology) that if successful, will have a remarkable impact on IT. A major 

advantage in developing memory chips with molecular components is that the size can be reduced by 

about 100-fold from the present size of silicon-based chips. 

Fifteen years ago Drexler (1986) stated 

“ … researchers in university and industrial laboratories around the globe have already begun theoretical work and experiments aimed at developing molecular switches, memory devices, and other structures that could be incorporated into a protein-based computer. “

and 

“ Japan has reportedly begun a multimillion-dollar program aimed at developing self-assembling molecular motors and computers, and VLSI Research Inc., of San Jose, reports that "It looks like the race to bio-chips [another term for molecular electronic systems] has already started. NEC, Hitachi, Toshiba, Matsushita, Fujitsu, Sanyo-Denki and Sharp have commenced full-scale research efforts on bio-chips for bio-computers. “

More recently Drexler predicted that molecular nanotechnology will be able to provide 1018 MIPS 

computers (Drexler, 1992).  In fact, molecules are now being tested that can be successfully switched 

from one (memory) state to another via an electric current, so it appears that the framework for 

molecular-based computers exists (Collier et al. 1999).   

Have the overall hopes for ‘nano-IT’ turned into reality? Globus (1999) states that while 

significant progress has been made towards the construction of molecular computers, only minor 

progress has been made in manipulating biological molecular machines for technological purposes. 

Self-replication, a possible way to developing molecular nanotechnology products, is presently a distant 

reality. 

5 Future possibilities 

How can New Zealand contribute to substantial development of these new technologies and thus benefit 

from future social and financial gains? Obviously, New Zealand does not possess the depth of scientific 

infrastructure to develop broadly in all areas. Strategic decisions need to be made now, selecting 

specific, large investment in key areas.  

5.1 Research Incubators and Think Tanks

We may well wish to leapfrog the now typical research institute/department concept of a group reliant 

on short-term contracts. Unique ideas and inventions (many useful, many not) can arise from a 

laboratory setting that combines imaginative minds with work conditions that foster 

collaboration rather than competition and provides the best tools to play with. One such “idea 

incubator” is Starlab (see above, Section 4.1) in Brussels. Starlab is a collaboration between a Belgian 

company, MIT, the University of Ghent and Oxford University, with the backing of the European 

Commission. It purposely recruited top researchers from around the world with “athlete-like salary 

packages” with the aim of constructing a world-leading laboratory that “thinks in terms of centuries 

rather than years”. It is concentrating on new technologies. Starlab, the commercial company, is now 

nearly three years old and apparently is financially healthy. 

5.2 The Economy, Universities, CRIs and Business

The possible impact of new technologies on the New Zealand economy is major. They could contribute 

as much as 50% of the New Zealand GDP by 2015 under certain conditions (Page, 1999). At present, 

both universities and CRIs are participating in some new technology research and their future structures 

and support will determine the growth and development of such research.  Recently, there have been 

calls for the integration of a smaller number (three) of “mega-universities”, and in May 2000 the 

Associate Minister for Tertiary Education Hon. Steve Maharey proposed limits to the number of New 

Zealand universities.  As of March 2001 this has not yet become legislation. It is not clear what the 

long-term structure of universities and CRIs will be and whether their level of collaboration can 

be increased. There have even been calls for CRIs to merge with universities (Doig, 2000) to promote 

productivity and competitiveness.

The participation of New Zealand private business in R&D development is very low and future 

participation levels will probably remain the same unless steps are taken by government. Probably, any 

significant private industry participation in new technology R&D would only follow after university and 

CRI R&D investment that can demonstrate working and marketable products.

A detailed discussion paper “The Chance to Change” (Batterham, 2000; download from 

www.isr.gov.au/science/review/index.html) by the Chief Scientist of Australia that puts forward 

recommendations for the enhancement of the Australian Science, Engineering and Technology base 

makes the following observation:

                 “Something special has happened to the American economy in recent years … a remarkable        

                   run of economic growth that appears to have its roots in ongoing advances in technology”
                                           Alan Greenspan, Comment to the Joint Economic Committee, 14 June 1999.

5.3 Keys to a New Technology New Zealand

Suggestions that would enable New Zealand to increase its participation in new technologies also reflect 

ongoing calls for better overall support of science and scientists. Many New Zealand trained graduates 

leave for more highly paid positions overseas that often provide stable, long-term employment. These 

scientists are a loss to New Zealand in many ways. Better retention of ‘home-grown talent’ is a 

necessity. The role of short and long-term science funding has been discussed previously in Petersen 

(1998) who stressed that innovative and productive scientists should not suffer because of short-term 

contract funding.

Several different government announcements of a target of tax-funded science support to reach 0.8% of 

the GDP by 2010 have been made in recent years. At least 200-400 million dollars over and above 

present levels will need to be allocated to the science envelope up until 2010 for this target to be met 

(Petersen, 1998). After many years of low or static government science funding it now seems 

inadequate to continue aiming for this modest level. I would argue that a fresh target should be aimed 

for and achieved to ensure social, economic and environmental benefits from science and technology 

R&D including R&D of new technologies. The present government should achieve a total (government 

and private) science support of 2% of GDP by 2010 to ensure adequate R&D into new technologies and 

to match the level of other similar countries efforts in R&D investment. 

5.4 Suggestions to facilitate new technology R&D

( The key recommendation from this paper is that government support for science and technology R&D should reach 1.6% of the GDP by 2010, and the remaining 0.4% should be sourced from industry once proper taxation incentives are enacted. 

Australia had previously benefited from the introduction of a 150% tax exemption for in-house private 

sector research in 1985. In 1996 this exemption was reduced to 125% and subsequently over AUS$1.5 

billion in private industry R&D investment was lost (Pockley, 1998). Clearly, business will contribute 

to R&D if financial incentives are in place.

Other suggested recommendations to ensuring competitive New Zealand participation in new 

technologies are:

( The Marsden Fund allocation should be increased to allow a success rate of at least 20%, in line

with the lowest success rates of similar Australian Research Council (ARC), United Kingdom Research Council (UKRC) and National Science Foundation (NSF) funding schemes (Batterham 2000).

In 2000 the success rate of the Marsden Fund was 9.7%. This present level of funding currently services 

a small fraction of potential top research in the country. As well, if New Zealand is to attract top-

performing researchers from around the world, then the primary, fundamental research fund should be 

equivalent to those mentioned above.  

(  Ensure adequate graduate numbers in science and technology. Governments should foster science and technology teaching in schools, promote higher education science and technology degrees and invest in New Zealand science and technology university departments and institutes.   

The recent decision by Motorola not to locate a software centre in Christchurch has been partly 

attributed to a lack of suitable New Zealand graduates (Louisson, 2000) in the electrical engineering and 

computer science fields.    

(  “Think tanks” or “new technology incubators”, similarly based on the Starlab concept should be created (Auckland, Wellington, Christchurch and Dunedin are potential sites).

The areas of specialisation for these ‘incubators’ are open to discussion. Based on the above review

of current New Zealand participation and the probable areas in which leading roles could be undertaken, 

these sites could concentrate on IT/application software, nanotechnology and GE. Strategic 

areas within each of these technologies in which New Zealand can lead should be selected.  

5.5 Public Discussion and Debate

It is critical to engage the public in an informed discussion about all new technologies. One only 

has to look at the large interest in GE from many areas of New Zealand society to realise 

that the public want to be fully informed of all aspects of new technologies. A Royal 

Commission on Genetic Modification that sought submissions from all areas is under way and will 

deliver its report in July, 2001. 

In a sense many ‘outputs’ of new technologies are hidden. Many of the new technologies do not 

immediately produce objects that are seen everyday (eg. cars or buildings). Because of that, any 

possible negative impact on society could be considered by some to be achieved by ‘stealth’ and this 

could be used in arguments against such technologies. Scientists and researchers must present the facts 

of these new technologies to the public in an open and informed way. An inclusive debate that discusses 

both potential positive and negative aspects, possibly achieved by commissions of inquiry similar to the 

present inquiry into GE, is therefore vital in the discussion of the individual, social and global 

consequences of each new technology.  

6 Conclusions

New technologies will play a major role in the 21st century. They may expand and greatly dominate 

the GDP of  many countries within a few decades. Unfortunately, in many areas New Zealand is already

ten or more years behind in the level of R&D investment in such technologies. In comparison to similar countries New Zealands’ level of investment could be as much as three times smaller. However, New Zealand does have notable areas in new technologies in which it can build a global presence. The government must take the initiative and strategically invest in new technologies R&D. The participation must be pro-active rather than reactive and should comprise a large fraction of total science funding. It is imperative that the community be informed of the consequences of each technology and actively 

participate in processes of debate to ensure that socially responsible technologies are developed.
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8 Hardcopy version of this paper

This paper can be downloaded at 

http://astronomy.swin.edu.au/gmackie/NZSR/newtech.doc
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Figure 1. The four bases that make up the genetic code. The bases are thymine (T), adenine (A), guanine (G), and cytosine (C). From Chapter 2 of http://www.ornl.gov/hgmis/publicat/genechoice/index.html. Reproduced with permission.
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Figure 2. Single-walled carbon nanotube draped across platinum electrodes

(Tans et al. 1998). Image used with permission from Cees Dekker.

(http://vortex.tn.tudelft.nl/~dekker/nanotubes.html).
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Figure 3. The world's first sheep processing robot, the IRL7L a.k.a. Robochop [Photo by Mark Ryan. Reproduced with permission.].(http://www.irl.cri.nz/home/products/robot.jpg)
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Figure 4. Virtual Spectator. Reproduced with permission. (http://www.virtualspectator.com/)
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Figure 5. Mars Sojourner Rover right rear view (http://mars.jpl.nasa.gov/MPF/rovercom/images/sojrov1.jpg) Image courtesy of NASA/JPL.
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� The grouping of genetics, molecular biology and biotechnology under the definition of GE is somewhat 


inaccurate. It has been suggested that for the purposes of this paper it could be more accurate 


to consider these techniques as “biological information processing”. 


� In the 2000 Budget the PGSF was split into Research for Industry, Health, Environmental and Social 


Research Output Classes.





