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Preface

The Australian Research Council (ARC) and the Department of Employment, Education,
Training and Youth Affairs (DEETYA) commissioned the Australian Academy of Technological
Sciences and Engineering (ATSE) to develop a research strategy for Information Technology
(IT) over the next 10-15 year. The members of the Working Party established by ATSE to carry
out this task were drawn from industry, government science and universities. It was assisted by a
Steering Committee whose members are eminent in many areas of IT.

Under its terms of reference, the Working Party was required to take a broad view of the IT
discipline, including the social and economic context in which IT operates in Australia. The
Working Party had to consider the strengths and weaknesses of IT research in an international
context. It was also requested to examine the training of people engaged in IT research. Funding
for the study came from a number of sources: DEETYA, ATSE, Australian Computer Society,
Australian Association of Computer Science Professors and Heads of Department, Information
Systems Heads of Department and CSIRO.

The Working Party went to considerable lengths to consult as widely as possible with academics,
government and industry before preparing this report. Six open forums were held in major
centres from Perth to Brisbane. In addition, interviews and meetings were conducted, and
submissions were received at various stages during the investigation. Details of contributions
appear in appendices to this report. However, the recommendations within the report are the
responsibility of the Working Party.

Although the subject matter of this report is IT research, the primary audience for this report is
not the academic research community itself. Some of the recommendations are directed to this
community but the most significant ones are directed to other stakeholders of the discipline.
Government agencies have been responsible for initiating this study, and many of the proposals
in the report have been prepared specifically for government consideration. Decision makers in
industry also have a large stake in IT research, and it is hoped that their needs are addressed in
this review. The style and content of the report reflect the intention to address a wider audience.

The report is entitled Sink or Swim because, after completing the investigations about the current
state of IT research in this country during the last 12 months, the Working Party is unanimously
of the view that Australia is at a crossroads. Either Australia embraces the Information Age
wholeheartedly and moves towards a prosperous future in the 21st century or it continues to rely
on primary industry exports to be able to import the high technology products which are so
enthusiastically consumed. If Australia chooses the first option and 'swims' with the tide, it can
join other countries like Ireland, Israel, Finland, Sweden and Taiwan. These countries have
shown that the export of high technology products and services can support a high standard of
living. But if Australia continues down its current path, it will 'sink' in the face of ever increasing
competition from emerging nations in agricultural and minerals markets. The choice is still there
to be made but there is not much time left as other countries like Malaysia move quickly to adopt
a knowledge-based economy and reduce their dependence on primary industries. If the
government gives the leadership and support recommended in this Report, then Australia too can
change direction but it has to be soon.

Peter C Poole, Working Party Chairman
26 October 1997
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Executive Summary

Information Technology (IT) is belatedly being recognised in government and industry circles in
Australia as the dominant engine for productivity improvement and business opportunities for
enterprises in the 21st Century and a key factor for generating future employment. Indeed the
convergence of computing and communications as manifested in the Internet means that much
commerce in the future will be carried out electronically. The global nature of IT is such that
Australia simply cannot afford to be a spectator, or we will be condemned to be an also-ran
compared with other nations.

The growth in IT internationally has been fuelled by research and innovation, and by an
advanced R&D computing and communications infrastructure.  Worldwide, IT has one of the
highest levels of research investment of all industries and it is this on-going investment that is
driving phenomenal growth in international trade in information products and services.

Investment in research in IT in Australia is vital to the growth of the our information industries
and indeed to the competitive advantage of all our industries. It is certainly not a matter of
hyperbole to call this report Sink or Swim. Recent reports on the information industries - the
Charles Report, the Cutler Report, the McKinsey Report and the Goldsworthy Report - have
expressed the need for Australian investment in the IT industry and specifically in a high level of
IT research and specialist skills. In part, this report draws out and amplifies some of the
conclusions of the earlier reports as it recommends a strategy specifically for IT research in
Australia.

Unfortunately this report has also found that Australia currently lacks the strength of IT research
that is necessary to underpin the growth in the information industries envisaged by the above
reports.  The amount of IT research currently being conducted in Australia is well below the
levels of comparable countries, and we are going backwards rapidly in IT research capability as
compared with our Asian neighbours. Research professionals are very gloomy about the
prospects in Australia, and it is worth noting that during the preparation of this report one of the
few Australian IT researchers who is world-renowned has decided to accept a permanent
position in England. A major requirement is to increase our research base in IT.

Australia does have the opportunity to enhance its IT research and skills base as part of an
overall investment in the information industries for the next century. The key recommendations
to seize this opportunity fall into four areas:

Australian Government Funded Research

The government must introduce national priorities for research funding at a discipline
level, driven by our socioeconomic needs.  We can no longer afford to continue to focus
on the areas that traditionally we have been good at as a nation, namely biological and
agricultural sciences. IT must be given much more visibility in the ARC and recognition
made of its particular characteristics as a rapidly changing technological discipline. We
suggest that the proportion of Government funding for research in IT and IT applications
should double by 2005.
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Australian Industrial R&D in IT

The amount of IT research and development undertaken by Australian industry needs to
be dramatically increased, and this can only be done with government assistance. An
impediment to this is that the Australian IT industry base is very skewed, dominated by
multinational companies (MNC) and with very few local companies of any size. The
Cooperative Research Centres (CRC) are a key part of the government strategy for
industry investment in R&D. However, the number of IT CRCs is very low and declining
in comparison with their economic importance and this must be reversed. Government
incentives should encourage large MNCs to undertake R&D in Australia and should
assist Australian small-to-medium enterprises (SME) to access a range of research,
education and training schemes. We also propose that SMEs be supported by a
facilitative model which encourages collaboration between industry and research
organisations. We recommend that the Australian Government should introduce
incentives so that Australian industry can double the overall amount of industrial IT
research by the year 2005 with a further doubling by 2010.

Australian IT Research and Education

The ability to undertake these increased levels of IT research in Australia depends on
having an increased number of IT researchers, more education programs and a more
advanced research infrastructure. Industry will also need substantial numbers of IT
professionals with research skills. Only 100 PhDs in IT are being awarded each year, and
many are going abroad. We recommend that Australian universities should triple the
overall number of postgraduates in IT research by the year 2005 with a further doubling
by 2010.

National Focus on Information Technology

If IT is to be recognised in Australia for what it is - the driving force for the future, there
must be a major change in our attitude towards its importance. We recommend that a
Ministry for the Information Industries be established to provide a focus at a Federal
Government level, and that public awareness be raised by an ongoing series of
presentations and exhibitions.

The Report asserts that reaching the targets in these recommendations is necessary to achieve its
long-term vision for IT research in Australia, namely that by 2010 Australian IT research will be
recognised, both in Australia and by the international community, as a major driving force
contributing to the prosperity and social cohesiveness of Australian society.



xiii

Terms of Reference

The Terms of Reference for the study are:

To prepare a strategy for the development of research in information technology (IT) in Australia
over the next 10-15 years.

Scientific

1. To make recommendations for research in IT disciplines including computer science,
software engineering, computer engineering, digital communications and information
systems that will advance those disciplines and strengthen their contribution to the
economic, social and scientific welfare of Australia:

a) to determine the degree to which a strong fundamental research base is required in all
fields of information technology research in Australia and to recommend on future
support for this research;

b) to identify the strengths and weaknesses of Australian IT research in an international
context and to recommend necessary policy or funding changes.

Social and Economic

2. To assess the contribution of basic and applied IT research to the Australian information
industries.

3. To evaluate the benefits of Australian IT research for Australian industry and for the
wellbeing of Australian society, and to develop strategies to increase its contribution to both.

Education and Training

4. To characterise the current education and training of people engaged in IT research in the
public and private sectors, and to identify any appropriate changes and their priorities.

Implementation

5. To identify methods for implementing its recommendations and strategies.
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Recommendations

Australian Government Funded Research

Recommendation 1

q In order to provide coordinated and focussed research programs aimed at disciplines that are
most important for Australia’s future prosperity, the Federal Government must establish a
national priority setting process for Australian research. Government research programs
must also rationalise their funding mechanisms for research to avoid duplication. To this end
the Federal Government must ensure that:

a. all Government funding bodies and research agencies have a priority setting process,
similar to that introduced by CSIRO;

b. all Government funding bodies and research agencies should ensure that mechanisms
for research are rationalised.

Recommendation 2

q In view of the economic significance of IT and the size of the IT research sector, the ARC
should clearly identify this category in its assessment panel structure and make the following
changes:

a. the names of the A4 sub-panel should be changed from Engineering 1 to Information
Technology and the A8 sub-panel from Engineering 2 to Engineering;

b. the new Information Technology sub-panel should assess all applications in the IT
discipline including Computer Science, Computer Engineering, Software Engineering,
Digital Communications and Information Systems;

c. the new Information Technology sub-panel should be augmented with the appropriate
research expertise in the Information Systems area.

Recommendation 3

q In recognition of the nature of IT research, the ARC should consider the following changes
to the implementation of their Large Grants Program:

a. evaluation of research proposals in IT should take into account other research
contributions besides published papers;

b. assessors of grant applications should indicate on the assessment form their confidence
level for assessing the application;

c. the ARC should implement the recommendations of the Bazeley Report to address the
problems faced by young researchers in obtaining funding support for their work;
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d. because IT is an experimental discipline, the ARC should establish mechanisms to fund
experimental IT research programs based upon recognised scientific principles and
these programs should be extensible for a period of up to 5 years.

Recommendation 4

q IT research needs to be conducted in a global context, and this together with Australia’s
geographical position means that the focus on the importance of international research
collaboration in IT must be increased. Government bodies should foster international
collaboration in the following ways:

a. DIST and DEETYA should establish an integrated funding mechanism to increase the
collaboration between Australian researchers and international research groups;

b. ARC should fund specific grants to allow Australian postgraduate students to spend a
short time in an internationally recognised IT research facility;

c. IT professional associations in conjunction with DIST and DEETYA should establish a
"Distinguished Visitor" program in the IT discipline.

Recommendation 5

q IT research is an engineering activity and requires significant levels of infrastructure
support. In addition, a number of international IT research consortia are setting standards for
information services, electronic commerce, and advanced manufacturing well into the next
century.

It is essential that Australian research organisations and industry participate in these
consortia to allow our industry to build competitive products and services on this
infrastructure. The Federal Government must invest in IT infrastructure and fund
participation in these consortia. Areas of particular importance are:

• International broadband communication networks and next generation Internets;

• Geographical and Spatial Databases;

• Intelligent Manufacturing Systems;

• High Performance Computing and Communications.

Australian Industrial IT R&D

Recommendation 6

q In recognition of the importance of IT research for all industry sectors and the structure of
the IT industry in Australia with very few large locally owned companies, for the next round
of CRC funding, the Minister for Industry, Science and Tourism should ensure that:

a. IT is a priority area consistent with national priorities and that 25% of the
funding for all CRCs should be based on the IT discipline;
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b. mechanisms are examined to increase the flexibility of CRCs to strengthen
their applicability to IT.

Recommendation 7

q In order to make small-to-medium business enterprises (SMEs) more competitive in the fast
moving and highly innovative IT marketplace, the following initiatives should be taken:

a. DOCA and DEETYA should investigate and establish additional mechanisms for
facilitating research interaction between universities, research organisations and the IT
industry;

b. mechanisms should be established to provide sponsorship and coordination of testing
and conformance facilities for SMEs.

Recommendation 8

q To increase the profile and strength of industrial R&D in Australia, and to provide
significant new employment and investment opportunities:

the Federal and State Governments should strengthen investment and
facilitation mechanisms for multinational companies to conduct IT R&D in
Australia.

Recommendation 9

q In order to strengthen ties between the tertiary sector and industry, and to encourage a closer
interaction, the process of staff exchanges between industry and the tertiary sector should be
actively encouraged by the following initiatives:

a. Australian universities should allow academics from IT departments to spend
time working in industry and such activities should be taken into consideration
when criteria for promotion are being evaluated;

b. the Federal Government should establish a scheme to facilitate industry
personnel placement in an appropriately organised university department for a
period of up to one year duration.

Recommendation 10

q To improve the flow of information about the strengths in Australian IT research to industry,
both Government and individual research groups must establish easily accessible
mechanisms to allow industry to access information about the capabilities and achievements
of Australian IT research groups in an ongoing way. This should include:

a. a distributed World Wide Web-based registry of current research capabilities
and activities;

b. structured industry forums and workshops.
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Recommendation 11

q The Minister responsible for government IT programs should ensure that the Australian IT
research community is represented on Government advisory committees for the information
industries to provide an Australian research perspective to their deliberations. Such
representatives should be nominated by that community.

Australian IT Research Education

Recommendation 12

q Better academically qualified students must be attracted into the IT discipline at the tertiary
level if more high calibre researchers are to be trained. This process must be started in
primary and secondary education. To achieve this:

a. DEETYA and the relevant State Government Departments in conjunction with
universities must establish procedures and incentives which encourage more
high achieving school leavers to enter IT courses at the tertiary level.

b. State Governments should examine the quality of IT education at the primary
and secondary level with a view to implementing world best practice in terms
of the IT curriculum and teacher competence.

Recommendation 13

q In order to reflect the increasing consolidation of the IT discipline, Australian universities
should take steps to establish an appropriate organisational structure at departmental level
which reflects the convergence of the components of the IT discipline.

Recommendation 14

q To increase the cohesion of the IT discipline, the Australian Computer Society and the
Institution of Engineers, Australia should develop a close working relationship at the
national level, particularly in the areas of IT course accreditation, membership rights and
promotion of the IT discipline.

Recommendation 15

q The laboratory, equipment, software and technical infrastructure needs of IT have not been
recognised because the discipline has been misclassified. Government and Higher Education
institutions should reclassify the IT discipline to reflect funding levels that are at least
equivalent to those applicable to the laboratory-based physical sciences and electronic
engineering.
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National Focus on Information Technology

Recommendation 16

q The development of strong local information industries to provide ongoing employment
opportunities for the benefit of all Australians is vital. This can only be achieved through the
development by the Federal Government of a broad, coherent strategy covering all industry,
commerce, education and research sectors. In recognition of this, Federal Government
portfolio responsibilities for the information industries covering telecommunications,
information technology and the media should be brought under one minister.

Recommendation 17

q Initiatives should be taken to raise awareness of emerging IT issues and directions in
industry, commerce, government and the general public in an ongoing fashion. Professional
and industry organisations including Australian Computer Society, Australian Information
Industry Association, Australasian Interactive Multimedia Industry Association and the
Institution of Engineers, Australia should regularly coordinate and conduct presentations on
key IT issues including current research to the public and government bodies. In addition,
centres such as the National Science and Technology Centre and the Powerhouse Museum
should increase their coverage of IT-related subjects.
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1

Introduction

Synopsis

The report defines a research strategy for Information Technology (IT) over the
next 10-15 years, covering industry Research and Development (R&D) and
government-funded research at universities and research establishments. Of major
concern has been the lack of recognition of IT as a key discipline to support our
future prosperity. The vision inspiring the report is that by 2010 Australian IT
research will be recognised to be a major driving force contributing to the
prosperity and social cohesion of the country through the successes of Australian
companies. The IT discipline is defined and the convergence between computing
and communications to form IT is recognised as the major driving force behind its
ever increasing importance.

1.1 Background

In June 1997, the Australian managing director of one of the world’s largest
computer companies was reported in a national newspaper to have said that his
company refuses to invest any of its substantial Australian revenue in R&D for
the local information industries, because he believes that Australian companies
will find it difficult to develop a technology that will become a world standard.
“We’ve missed the boat” he said.

This statement should have had our politicians and industry leaders alike up in
arms in absolute indignation. But did it? With a few exceptions, probably not;
indeed the general lack of significant, ongoing support for research to underpin
the Australian information industries has been a constant feature of Australia’s
ongoing complacency towards this sector. It actually goes back to the very
beginning of the computer era. It is probably not generally known that, in the
early 1950s, CSIRO’s predecessor turned its back on the pioneering work of
Pearcey (1994) in developing CSIRAC, one of the first functioning electronic
digital computers in the world in favour of funding cloud seeding and other
projects to support primary industry. Nothing much has changed since that time.

It is just over 50 years since the first computers were built, an event celebrated in
a special conference 'ACM97: The Next 50 Years of Computing' (Denning &
Metcalfe) held in California in early 1997. In that relatively brief period,
computers have already transformed large sections of society in ways that could
not have been envisaged by the pioneers of the technology. This has been driven
by the amazing advances in price/performance in computational power and by the
huge changes in communications technology. Computing technology has
increased information processing capacity by a million fold in the past 50 years.
Also, with the advent of digital communications technology, speed improvements

It may already be
too late to
participate in the
IT revolution …

… because
Australia has
always ignored
the importance of
IT…

… but in 50 years
IT has
transformed
society
significantly …
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of many orders of magnitude are now available worldwide when transmitting data
across optical fibres rather than copper wire phone lines.

Many writers have commented on the convergence of communications and
computing. It has even been suggested (Messerschmitt 1996, p. 1167) that the two
terms "are losing their relevance as separate identities and also that these fields
will become virtually indistinguishable in the relatively near future".
Messerschmitt goes on to state that "while computers in the absence of
communications have led to new applications and made substantive changes to
leisure and work life, computing in conjunction with communications will have a
profoundly greater impact on society. This is because communications is at the
heart of what makes a society and a civilisation, and the convergence with
computing will revolutionise the nature of that communication". The discipline of
IT that is the focus of this report spans both fields of computing and
communication in recognition of the convergence of the two fields. An illustration
of the convergence between computing, communications and content is given in
Figure 1.1.

… and the
convergence of
computing and
communications
…

1.1 Background

Figure 1.1 The Process of Convergence

Communications Industry
– PSTN
– Cable networks
– Satellite networks
– Broadcasting
– Mobile networks

Online
Multimedia

Interactive
Multimedia

Multimedia
Network

Equipment

'Off-line
Multimedia'

Computer Industry
– Computers
– Software
– Interfaces

Information/Content
Industry

– Databases
– Information services
– Audio-visual products
– Films
– Music
– Photos

Source: Devotech "Developpement d'un environnement multimedia en Europe"
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There is still no sign of any slackening in the pace of change in the IT industry.
Indeed it is likely that this convergence of communication and computing will
fuel yet another revolution, the start of which is seen in the widespread acceptance
of the World Wide Web on the Internet. In addition, the promise of early
unfulfilled hopes for truly (artificially) intelligent computing may well become a
practical proposition. For example, note the success of the IBM Deep Blue
computer in the recent well-publicised chess contest with the grandmaster, Gary
Kasparov.

1.2 Context

The Report sets out to develop a research strategy for the discipline of IT over the
next 10-15 years. The strategy covers not only basic research in universities and
government research establishments but also applied research either in industry
alone or in collaborative ventures with academic institutions.

As mentioned above, the context is that of rapid and accelerating change in an
increasingly important and all embracing set of technologies that are already
responsible for huge changes in every aspect of our lives, from the way we do our
banking, our opportunities for employment for ourselves and our children to the
globalisation of the world's economies. It is a sector where foreign experience
shows that it is possible for small start-up enterprises to take a new idea from
research to the marketplace in a very short timeframe, and where countries such
as Israel and Ireland that have smaller GDPs than Australia can make an impact.
Also our neighbours in Asia are investing extremely heavily in all aspects of IT,
especially in R&D.

In short, the thesis of the report is that IT is an area that cannot be ignored, and
that further there is a breakdown of acceptable commercial processes, also
discussed in other recent reports, for example, Charles 1997, p. 41. It is clear that
most MNCs which dominate the Australian IT industry are not prepared to invest
in Australian-based activity. What is even more worrying is that our largest
national IT company, Telstra, is reducing its expenditure on IT research in this
country. Therefore, the Australian Federal and State governments must take
strong initiatives to encourage more activity. This must include increased funding
for IT R&D. Given the current realities of restrictions on government spending,
this will involve redividing the cake to divert funding away from traditional
research areas, where there is less prospect of a continuing major return on
investment and hence improved global economic viability, and focussing on those
disciplines that are of strategic national importance.

It must be clearly understood that this report is not about what research in IT
should be carried out or even what areas are important but rather how to create an
appropriate environment in which the research can be conducted for the benefit of
the Australian society. It is not about ‘picking winners’; it is about developing a
strategy which encourages winners to emerge.

…is increasing
the speed of
change.

The report
develops a
research strategy
…

… in this period
of rapid change
…

… when
government
initiatives are
desperately
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not about
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This report defines IT as encompassing five sub-disciplines which are defined in
Section 1.4 below. An important goal of this study is to make recommendations
aimed at advancing these sub-disciplines and strengthening their contribution to
the economic, social and scientific welfare of Australia.

The quality of education and training of IT researchers is vital to the successful
implementation of any research strategy. This study evaluates the current situation
and attempts to determine whether sufficient numbers of researchers will be
available to implement the strategy and whether they will have the appropriate
skill levels. Changes to the current system have been identified with
recommendations as to how these can be implemented and with what priorities.

Finally the report considers implementation including deployment of funds and
possible sources of new funding.

Later in this chapter, there is an outline of the major sections of the report. But
first we set down our vision for the future of Australian research in IT. This is
followed by some definitions as there is still much confusion about the sub-
disciplines of IT.

1.3 Vision

The vision inspiring the report is that, by 2010, Australian IT research will be
recognised, both in Australia and by the international community, as a major
driving force contributing to the prosperity and social cohesiveness of Australian
society.

This will be seen through the success of Australian companies working in close
collaboration with Australian research organisations, both public and private, that
are internationally recognised as being of the highest standard.

Research in IT will be focussed on, and will support the needs of, its primary
stakeholders. These are:

• other industries and business sectors;

• other research disciplines;

• the IT industry, both in Australia and abroad;

• the community;

• Federal and State governments.

… but we do have
a dream.
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1.4 Definitions

In this report, "Information Technology" is defined as comprising the sub-
disciplines of computer science, software engineering, computer engineering,
digital communications and information systems which themselves are defined as:

Computer Science (CS) is the study of algorithms and data structures for
the effective application of computer technology to the solution of
problems. For example, the accuracy of weather reporting and forecasting
which we see on our televisions each night is totally dependent on
complex computerised meteorological models that are driven by different
algorithms to efficiently process very large bodies of data such as
pressures and temperatures that in time display very complex behaviour
driven by the rules of physics.

Software Engineering (SE) is the study of tools and methods for
producing high quality reliable software within time and budgetary
constraints whilst satisfying the needs of users. For example, the complex
systems that support airline reservations or online banking require
particularly reliable, well-organised software which is perhaps not as
complex intellectually as meteorology but is equally key to the smooth
functioning of the nation. Software Engineering is the principal sub-
discipline of IT that makes these sorts of systems practical and
achievable.

Computer Engineering (CE) is the study of the design, construction and
operation of computers. For example, whereas the computers with which
we come into contact (a PC running WINDOWS) are suitable for general
home and office purposes, there is more and more need for special
purpose processors to drive our cars, washing machines and agricultural
machinery etc. to provide additional performance, reliability and
economy. Computer Engineering is concerned not only with the
electronics, the hardware of the system, but, as these systems need to run
themselves, it is also essential to develop new techniques for operating
them as they interact with their environment.

Digital Communications (DC) is the study of the design, construction
and operation of digital data networks. For example, the Internet is
perhaps the most publicised of the networks, while the public telephone
systems, the banking networks, all have their share of problems in coping
with huge peaks in traffic, in rerouting information if part of the network
goes down, and extending or reconfiguring while everything is still
running.

Information Systems (IS) is the study of computer-based software
systems which support the operation, management and decision functions
in an organisation. For example, banks make extensive use of information

We hope that this
section will
clarify
understanding of
the sub-
disciplines of IT
…
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systems to manage their day-to-day operations. An important aspect of IS
is the interface between humans and computers which also forms part of
Software Engineering.

And what of the term "IT" itself? In the early stages of the convergence between
computing and telecommunications, they were referred to as separate
technologies. Since computers processed information, the term "information
technology (IT)" was often applied to this type of processing.
Telecommunications was referred to as "communications technology (CT)".
However as the convergence increased, terms such as IT&CT, IT&T became
popular. Today, when it has become increasingly difficult to determine where the
computer stops and the communications system starts, the term "information
technology (IT)" is being used more and more to mean computing in conjunction
with communications. That is what it means in this report although earlier
abbreviations will still be found in the bibliography and material quoted from
other sources.

When discussing the commercial elements associated with the technology, the
report refers to the "IT industry" or the "IT sector". This is taken to mean those
companies that are exploiting IT. Though the larger companies cover many
diverse aspect of the industry, they usually have a core business which fits into
one of these areas. So the IT industry includes:

• Hardware Vendors: dominated by the MNCs; the computer vendors such as
IBM, Hewlett Packard, Digital Equipment, Compaq etc, the computer chip
manufacturers such as Intel, a host of component manufacturers in countries
such as Taiwan, and some local companies who are involved in building
computers;

• Software Product Vendors: companies such as Microsoft, Oracle and some
small local players;

• Consulting and Professional Services: organisations that cover a wide range
of services, which include everything from training to strategic planning.
They make applications work, by selecting appropriate components and
tailoring them to a customer’s needs. Indeed, in the case of outsourcing, they
take over the whole of the operation in an ongoing sense. They include large
MNCs such as IBM, GSA, EDS, CSC and a number of large local
companies, such as Computer Power Group, Aspect etc.

• Telecommunications Vendors: organisations that provide the
communications backbone to link everyone together and also value added
services that are intimately linked with this. So Telstra and Optus fit into this
category, but so do other companies that provide specialist services that rely
on buying usage of the network provided by the major players and building a
service on top of that to meet the needs of a niche market.

Finally, throughout the report, the phrase "Information Industries" is used to cover
a wider range of sectors than the IT sector. It covers telecommunications,
information technology, information services and the media.

…. and what the
term IT means …

… and who the
players are.



7

1.5 Overview

In Chapter 2, the global importance of IT is emphasised, especially illustrated by
the major initiatives being carried out by other countries as diverse as the United
States and Malaysia. The investment being made in research and infrastructure
virtually everywhere else in the developed world makes for sobering reading. IT’s
role as an enabling technology is affecting all other activities from surgery to
sports.

In Chapter 3, the importance of research in IT is examined using a system model
of research to provide a structure. At a superficial level, it is possible to envisage
not conducting any research at all but merely being early adaptors and
implementors. This chapter shows convincing evidence of the correlation between
research and commercial success in Australia, drawing on the results of earlier
studies. A formal model of IT research as a system with inputs, outputs, and
controls, is introduced as an important contribution to evaluation of the process. A
range of relevant topics is covered, including who are the stakeholders, the
benefits to participants, effects of R&D on trade, the importance of
interdisciplinary research, and the measurable benefits of government
intervention.

Chapter 4 reviews the current situation in terms of the information industries and
IT research in Australia. It provides comparisons with funding for other
disciplines, especially the declining numbers of IT-related Cooperative Research
Centres.

The final chapter is of course the key part of the report. Chapter 5 proposes a way
forward for research into IT, covering education and training for research in
academic institutions and in collaboration with industry, a major set of proposals
on funding mechanisms and a major section on the importance of international
relations with particular emphasis on implementation.

The report
emphasises that
other countries
recognise the
importance of IT
…

... and IT
research …

… but how does
Australia
measure up …

… not too well
but we have a
plan!
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2

 The Importance of IT

Synopsis

IT is an all pervasive global phenomenon that is enabling dramatic change to
occur in virtually all commercial and social activities. This is being fuelled by the
convergence that has occurred between computing and communications. Many
countries are investing heavily to ensure that they obtain a share of the industry
with its significant implications for trade and employment.

2.1 Introduction

It is now a commonplace observation that Information Technology has already
significantly affected our lives, and will continue to change them in the home, the
office and the marketplace. Even our experience of supermarket shopping has
changed remarkably in the last ten years, with the proliferation of automatic teller
machines, barcode readers, credit cards and electronic funds transfer.

Existing industries increasingly rely on computer software for planning and
execution of their tasks. Household products routinely contain embedded
computing power. The convergence of the giant computing and communications
industries is rapid, and is giving rise to new products and services.

The demand for IT products is spiralling:

• The worldwide market for software has been estimated at $120 billion
(Micklethwait 1997). However, a great deal of software is created by firms for
their own use, and hence another estimate is that US firms spend more than
$250 billion annually acquiring computer software (Nelson et al. 1996).

• It has been estimated (Killen et al. 1997) that the global IT market will grow
from $1.3 trillion to $2.0 trillion by the year 2000, representing an 11%
compound annual growth rate.

Employment prospects for IT professionals continue to grow:

• In spite of the downsizing of telephone companies taking place both in
Australia and overseas, the employment prospects for computer professionals
in the next ten years is bullish. New applications for IT continue to arise,
including those in entertainment and communication services. These trends
are expected to foster a growing demand for computer professionals to 2005.

• From time to time, there have been fears that the number of computer
programmers needed would soon decline. However, according to the US
Bureau of Labor Statistics, the US will add 445,000 systems analysts and

We know IT has
changed our
lives.

It is big business
…

… and there are
good jobs in it.
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177,000 computer engineers between 1994 and 2005. These jobs will be
among the 10 fastest growing occupations (Keaton & Hamilton 1996). New
IT PhDs in USA are currently in great demand and are receiving high
commencing salaries. The Australian IT industry expects that the number of
people employed in the industry will increase between now and the year 2000,
and that a larger percentage of the workforce will hold IT tertiary
qualifications in the year 2000 (Factotum 1996).

• The GDP of Silicon Valley's 2 million inhabitants is around $65 billion, much
the same as that of Chile. (Of course, not all of these people are employed in
the information industries, but a high proportion are). Average pay in 1996
was $44,000, compared with $28,000 for the rest of America. For an industry
sector that has enabled worldwide communication, this concentration may
seem strange. It is however being replicated either naturally, or by
government intervention elsewhere in the USA, and in countries as diverse as
UK, India, Ireland, Malaysia and Taiwan.

2.2 IT - A Global Phenomenon

One of the remarkable changes in the past decade is that the whole IT industry is
now totally global in nature. Not only is that the case but all the other business
sectors that are now global, such as the finance industry, have achieved this
because of IT. The major global issues that the information industries are driving
are:

• The marketplace for the information sector is large and growing rapidly.
Globally the information industries accounted for US$600 billion in exports in
1995. This segment now accounts for 12% of total world trade, up from 4%
over the last 12 years.

• IT is affecting all of society through its pervasive impact on all sectors of
activity, from banking, through education to entertainment. The cultural
implications will undoubtedly exceed those of the traditional media: film, TV
and print. It is difficult to define a facet of society that has not been touched or
totally changed by IT in some form or another.

• IT is affecting the balance of trade for all developing and mature economies.
The fact that it is a $600 billion market that is rapidly growing indicates that
this must be the case. Nearly all countries will need to import components,
equipment and software from a small number of dominant MNCs. The key
question is who can generate enough exports to balance this, or who will need
to curtail imports, fall behind forever in the information industries and become
an ‘information poor’ third world economy?

• IT is affecting employment patterns and prospects everywhere. It is likely
that, on a global scale, as many people will ultimately be employed in the new
industries as lost their jobs in the old. However, the skill and educational
levels required will be very different, and the locations for jobs growth will be
very unevenly distributed. This can be ameliorated to some extent by working

IT is a global
business.

It affects the
balance of trade
…

…and
employment
patterns.
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from a different location and using IT to keep in contact, so called
telecommuting. However, there are limits to this: job increases in Singapore-
based information industries may not be of assistance to Newcastle steel
workers or retrenched Canberra public servants.

• As will be seen below, governments from Ireland to Israel to Malaysia are
actively involved in trying to encourage and attract IT investment by
providing infrastructure, attractive taxation incentives and most importantly a
well-educated work force with relevant skill levels ranging from technical to
research.

2.3 IT - An Enabling Technology

In every substantial productive activity, innovative IT provides support which is
simply unobtainable without the computational power and versatility of the
ubiquitous chip. Indeed IT-supported development in other sectors of the
economy will be even more significant in the next decade than developments of
IT services and products directly for the end user. Here are some current
examples:

• Medicine: The computer plays an increasing role in the provision of new
diagnostic tools. Several kinds of images of the human body can only be
generated by computer. The interpretation of certain pathology tests can be
more reliably performed by computer than by human operators.

• Manufacturing: A widely used methodology for managing factories is called
MRPII, and is implemented as a group of software modules for managing the
various engineering and accounting tasks in a plant.

• Law: Currently IT is used for administrative tasks by lawyers and courts. In
the US they allow people to enter pleas, pay fines and seek court dates. An
electronic kiosk system is to be trailed in Queensland. In the future, many
routine legal decisions will be made by automatic systems.

• Education: Teaching using computers has a long history and has progressed
slowly in the past. However the current combination of competitive pressures
in tertiary institutions, together with the Internet and multimedia products will
see rapid developments in the near future.

• Finance: Wallis (1997) says it is no accident that explicit references to
technology were included in the terms of reference for his financial systems
enquiry. Throughout the enquiry, Wallis found the influence of technology on
consumer behaviour ‘all pervasive’ in the committee's deliberations on
regulation of the financial services sector. To a large extent, anticipated and
unforeseen changes in technology and electronic commerce have shaped the
inquiry's attitudes toward regulation of the entire financial sector.

IT research is directed not just toward products and services which are
recognisable as IT. It also drives IT as an enabling technology, which provides
technology to all other fields. In some situations, the invisibility of IT is a mark of

So far-seeing
governments want
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its success. For example a modern motor vehicle relies on computer power for
efficient combustion, braking and transmission, but the user need not be aware of
the mechanisms involved. Many more computers in the future will dissolve into
the physical background, forming part of ordinary objects, or becoming part of the
social background, providing just another part of the context of work.

2.4 IT - A Growing Employer

The OECD Jobs Strategy (1996) examines the relationship between productivity,
job creation and technology and in particular analyses the issues that arise as the
OECD economies exploit the potential of new technologies, especially IT, to
create jobs and boost incomes (p. 7). This report strongly emphasises the 'need to
put technology and productivity at the heart of the employment debate.
Technology and productivity growth are central to OECD economies; in the long
run, knowledge, especially technological knowledge, is the main source of
economic growth and improvement in the quality of life' (p. 11).

Charles et al. (1997) reiterate the OECD findings within the Australian context.
They state that rising living standards and expanding job opportunities in
Australia will depend strongly upon how well we achieve a high level of
competitiveness within the information industries themselves and how we further
utilise and exploit IT throughout industry in general to improve performance and
competition.

In the mid-1970s hardly anyone worked in computer software; now roughly 10
million people around the world do. America's Bureau of Labour Statistics, which
provides regular forecasts of employment changes in America (see Figure 2.1
below) expects that, by 2005, the number of jobs for typists, bank tellers and
telephone operators will have contracted by 20-30% compared with 1994. On the
other hand, the number of jobs for computer programmers, nurses and home
health workers, and teachers will have increased rapidly. New jobs will also
flourish in the multimedia industry as the convergence of entertainment,
telecommunications and computing technologies creates new kinds of services.
America's movie industry has created more jobs since 1990 than car makers,
pharmaceutical firms and hotels combined. And there will be new openings for
information managers and Internet troubleshooters.

IT can create
many new jobs …

and this is hope
for Australia,…

… but job
patterns are
changing
everywhere.
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Figure 2.1  Selected Occupations in United States % Change
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Selected occupations in the United States forecast % change 1994-2005

Source: Bureau of Labour Statistics
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Taking a longer historical perspective, Figure 2.2 below shows how employment
in the USA over a 150 year period has moved from a near total dependence on
agriculture, to the same level of domination by services.
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Figure 2.2  US Employment by Sector

2.5 National Studies on IT

Many national studies have been commissioned by governments across the world.
Here are quotations from a few of them.

2.5.1 Canada

In August 1996, a document published by the Canadian government was entitled
Building the Information Society: Moving Canada into the 21st Century. Included
in this document were the following comments and forecasts:

• In advanced economies, knowledge-based industries are growing faster than
any other sector;

• Traditional agricultural, resource and manufacturing industries are joining
service industries such as banking and travel in their increased use of the new
technologies.
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• The building of Canada's Information Highway by Canadian firms will
require investment worth tens of billions of dollars over the next decade. This
investment will result in jobs and growth for Canada.

• People will be able to telecommute to work, instead of taking a bus, car or
train, bringing us closer to the ideals of a clean environment and sustainable
development.

• From home, these same people may use the Information Highway to shop or
bank electronically – or play the latest video game.

• The Information Highway should allow us to address the differences in
knowledge of, access to and use of new technologies within society, including
the different realities of men and women.

• The Information Highway has the potential to involve ever more Canadians in
our ongoing national cultural dialogue and the debates that shape our national
community.

• Lifelong learning is both an ideal and a future necessity. Everyone's skills will
need updating on an ongoing basis. With the Information Highway, schools,
teachers and courses will be easily available.

• Geography will no longer be an obstacle for people with something in
common getting together. Virtual communities are a growing reality.

• Telemedicine, electronically enhanced administrative systems, and timely
gathering and analysis of health information will help improve the health of
Canadians.

• Government will grow more accessible and responsive. Citizens will be able
to reach government officials and obtain useful information and services using
electronic means.

2.5.2 Europe

In his introduction to the Esprit program, George Metakides of the European
Commission says:

Information technologies are critically important for the competitiveness
of all industries, both goods and services. IT is used in the design and
manufacture of products, is incorporated into the products themselves, and
underpins the way companies do business. Both multinational
corporations and SMEs alike need IT to operate effectively in the global
marketplace. Success for Europe depends, therefore, on the timely take-up
of IT by European industry in general, and on Europe's IT industries
providing appropriate products and services.

… needing major
infrastructure
investment…

…which will
make for better
government!

The Europeans
see it coming…
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2.5.3 New Zealand

The New Zealand Government has appointed a Minister for Information
Technology, advised by an IT Policy Unit and an IT Advisory Group. The
advisory group has published a report entitled Impact 2001, How Information
Technology will change New Zealand, which states:

New Zealand is rapidly becoming a 'knowledge society' with a workforce
largely composed of a wide variety of 'knowledge workers' …IT is a vital
feature of the move to a knowledge society… A networked information
infrastructure is well-established and expanding rapidly as demand for
services increase… The components of this infrastructure are technology-
based, but its most profound effects will be on the people and the society
using it.

The report concludes:

New Zealand is doing moderately well in the race between nations to
become internationally competitive in the knowledge era. As the
competition intensifies, the next five years will be very important. Our
rates of adoption of various IT applications and our balanced appreciation
of associated issues will be vital factors. If we perform poorly, our quality
of life will be adversely affected.

2.6 National Initiatives for Information Industries

Whilst most ‘advanced’ countries, including Australia, have prepared many
strategy papers on the importance of IT as illustrated in the previous section, the
USA and many emerging countries have already put in place specific government
initiatives to ensure that they reap the maximum benefit from the expected further
advances in Information Technology. These emerging countries are proving the
truth in the NSTC report (NSTC 1995b) quoted in full in the next section that ‘…
any nation can make bold advances if it makes wise investments’.

2.6.1 USA

The United States government is preparing a strategy to help accelerate the
growth of global commerce across the Internet (US Government 1997). So
widespread is the influence of this technology that all of the following agencies
are involved in developing the strategy: The Executive Office of the President, the
Departments of State, Treasury, Justice, Commerce and the Federal
Communication Commission.

A Strategic planning document published by the National Science and
Technology Council of the US government stated (NSTC 1995b):

…and the New
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• Building on more than forty years' investments in information and
communications research and development, our nation leads the world in
developing and applying this crucial technology for the 21st century.

• Today we stand at the threshold of its widespread dissemination throughout
society, with the potential to revolutionise the way we live, learn, and work.
While America leads the world in developing and applying information and
communications technologies, the continued acceleration of technological
change and the global recognition of the strategic value of these technologies
means that any nation can make bold advances if it makes wise investments.
At stake is the technology that will determine our Nation's ability to sustain its
economic wellbeing, to compete successfully in the global marketplace, and to
enable affordable national security.

• The 21st century will be the Age of Information. Implementation and support
of this plan will help ensure America's continuing pre-eminence in
information technology as our country enters the 21st century. This plan
describes the mechanisms for continued coordination and implementation of
inter-agency research programs and activities, and begins an important
process of engaging industry, academia, and government to work together for
the benefit of all Americans.

• The NSTC has embraced six fundamental and overarching goals to which all
Federal science and technology investments must be responsive. These range
from specific goals such as leadership in science and engineering to broad
societal goals such as a healthy and educated citizenry. Each of these depends
critically upon Information and Communications technologies to insure its full
attainment.

2.6.2 Malaysia

Malaysia's Multimedia Super Corridor (MSC 1997) has the potential to become
the regional hub for the IT industry.

The Multimedia Super Corridor is an area, 15km by 40km, encompassing the
Kuala Lumpur City Centre, Putrajaya and the new Kuala Lumpur International
Airport (KLIA) which will be developed as a high-growth centre. Within this area
a multimedia catalyst centre will be located. World-class multimedia corporations
are invited to locate their business units and R&D facilities in this catalyst centre
to be used as a springboard to serve the regional and world market for multimedia
products and services (MSC 1997).

In a recent paper, Raman and Yap (1996) state that:

Malaysia is a resource rich country and a major socioeconomic force in
the Asia-Pacific region. Historically, the economy of Malaysia was based
on agriculture and natural resources. In its efforts to transform Malaysia to
a developed and industrialised country, the government started to focus on
industry and high technology in the 1980s. A key area of focus was IT.
The government chose to adopt several policies with respect to the supply

… to keep in the
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and demand side of IT instead of a national IT plan. The policies
addressed IT infrastructure, education and training, R&D, use of IT in the
public sector, and fiscal incentives. These IT policies and the broad
economic and industrial policies implemented during this period had a
positive influence on demand for IT products and services, number of IT
professionals, number of telephones per 100 population and IT production
and use. This experience has laid a firm foundation for formulating more
definitive national policies for the 1990s and in achieving the
government's objective of transforming Malaysia into a developed and
information-rich society by 2020.

The findings of this study reveal that the nature of the IT actions of the Malaysian
government has emphasis on:

• knowledge building

• knowledge deployment

• innovation directive

The Malaysian government is investing specifically in:

• education of IT professionals

• setting up R&D institutions

• deployment of IT infrastructure

2.6.3 Ireland

Ireland exhibits three significant similarities to Australia. This is a nation with a
relatively small population, bordering onto a large trading block. Also, Ireland
carries a past dependence on primary industry. The country now boasts that nearly
a third of the personal computers sold in Europe are made in Ireland (The
Economist 1997).

Ireland is now the world's second largest exporter of software. Funding received
from the European Community was used for training and infrastructure. An
education system was established to meet the industry's requirements with its
roots in the late 1960s, when the first diploma courses were established in
computer studies at Dublin University. R&D and training grants were established.
Capital grants were also made available to establish permanent research facilities
or pilot plants.

The expansion of Ireland's information industries demonstrates how commitment
to free trade, government incentives and a supportive academic community can
attract direct foreign investment and foster a rapidly expanding, export oriented
indigenous sector (Charles et al. 1997).

The Malaysian
government …
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2.6.4 Taiwan

A ‘fast-follower’ strategy developed by Taiwan is described by K.L Kraemer et
al. in Entrepreneurships, Flexibility and Policy Coordination: Taiwan's Computer
Industry.

In the past five years Taiwan has emerged as a major player in the
international computer industry. In 1980, Taiwan had no computer
production to speak of, and showed little evidence of competitive advantage
in high-technology industries. By 1995, Taiwanese companies produced over
US$517 billion worth of computer hardware (MIC/III 1995) and ranked first
or second in the world in production of monitors, motherboards, notebook
computers, keyboards, graphics cards, scanners, and mouse devices (MIC/III
1995).

The evolution of Taiwan's computer industry is quite different from that of its
East Asian neighbours. Japan's and Korea's computer industries are
dominated by a few very large diversified conglomerates while Singapore's
industry consists mostly of subsidiaries of multinational corporations
(MNCs). Taiwan's computer industry consists of thousands of dynamic small
and medium-sized enterprises (SMEs), a few of which have grown into fairly
large firms in recent years (e.g., Acer, First International Computer and
Mitac).

The growth of Taiwan's computer industry cannot be explained as a result of
market forces alone. It is better seen as a result of a coordinated government
effort to support the entrepreneurial efforts of a dynamic private sector. Since
the designation of Information Technology as a 'strategic' industry in l981, a
broad range of policy initiatives has been taken by government to support the
computer industry including incentives to the private sector, demand
stimulation through government procurement, training of computer
professionals, support for research, and provision of market intelligence.

Taiwan's technology polices have been described as "diffusion oriented" with
the 'principal purpose [of] diffus[ing] technological capabilities throughout
the industrial structure, thus facilitating the ongoing and mainly incremental
adaptation to change' (Ergas 1986). This focus on flexible adaptation to
change is a hallmark of both government and company strategy in Taiwan.
Taiwan's companies take advantage of a highly flexible, varied, and
geographically clustered manufacturing structure to respond rapidly to market
opportunities mainly created by U.S. and Japanese market leaders - the 'fast
follower' strategy. The government has compensated for the liabilities caused
by the small size of companies by providing technology, capital, and market
intelligence geared to the dynamics of the market. Government policies are
developed with broad participation by the public and private sectors and are
continuously modified to respond to changing conditions. The strategy for
technology development also differs from Japan and Korea, whose
government policies encourage large firms to conduct research themselves or
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through government-industry consortia. In Taiwan, most firms lack the
resources to undertake large research projects, so the government has taken a
more direct role, creating public institutions that conduct research and
disseminate technology to the private sector.

2.6.5 Other Asian Developments

Asia's technological prowess already is commanding attention around the globe.
A study published in July 1997 by the USA National Science Foundation, Asia's
New High-Tech Competitors, concludes that South Korea and Taiwan are best
positioned to move closer to Japan, which remains far and away the leader.

A separate study, the World Competitiveness Report 1995 by the Geneva-based
World Economic Forum and IMD business school, ranks Taiwan eighth in the
world in science and technology, the best in Asia after Japan.

In many ways, other Asian countries are taking a similar approach. They are
expanding R&D, luring home expatriate engineers and scientists, improving
education and encouraging foreign multinationals to make direct investments and
establish research facilities.

South Korea and Taiwan already have a higher ratio of research/GDP than
Australia, and all the "tiger" economies are rapidly increasing their expenditures.

2.7 The Future of National Economies in an Information Age

The previous section shows clearly the importance being placed on investment
and government engagement in developing a powerful indigenous information
industry. The corollary of this is that nations that do not invest will become
relegated to being also-rans.

This view is supported by the McKinsey report on Australia's future online
(1997):

…the online economy is likely to deliver high growth in traded services,
lower costs of government and commercial services, and increase value-
added, leading to employment growth and wealth creation. In countries
that move quickly to embrace the online economy, the new rules can
create new technology, new applications, new industries and new
services. The vibrant service sector and highly skilled online consumers
will enable value creation in other sectors, leading to a strong national
economy (p. 16).
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…On the other hand, businesses, countries and individuals not embracing
the online economy can expect a very different fate. In their economies,
they are likely to find that more and more of the vital components of
industry are provided by local suppliers at high cost or by foreign owned
(and located) businesses that can undercut the locals. Their consumer
base will have little or no online skills, making it more difficult for local
service providers to convert to online operations if they want to. These
weak conditions will result in a weak economy (p. 19).

In a more general but very relevant emphasis, a recent OECD report emphasises
that high technology industry is far superior to low technology industry as a
creator of productivity and employment.

Technology and productivity growth are central to the current
employment debate in OECD countries. In the long run, knowledge,
especially technological knowledge, is the main source of economic
growth and improvement in the quality of life. Nations that develop and
manage effectively their knowledge assets perform better. Firms with
more knowledge systematically outperform those with less. Individuals
with more knowledge get better paid jobs. This strategic role of
knowledge underlies increasing investment in research and development,
education and training and other intangible investments, which are
growing more rapidly than physical investment. The emergence of a
cluster of new information and communication technologies has
significantly affected the scope and nature of knowledge accumulation
(OECD 1996).

2.8 And Australia?

How does Australia measure up in the league table of strong playing countries in
IT. Not very well at all, as we shall see in Chapter 4. We are not in the Premier
League, never mind being in the Top Five. Before looking at our own situation,
the report discusses the importance of research into IT in Chapter 3.
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3

 The Importance of IT Research

Synopsis

IT research drives the IT industry, and enables change in other industries, the
community at large and other research. A major output is the number of skilled IT
professionals with a research background as well as new products, services and
processes. It cannot be left to other countries to do. Government is a key player in
funding and establishing priorities. Cultural constraints may be the major limiting
factor if talented young people do not see IT as a career of choice.

3.1 Modelling IT Research as a System

The importance of IT research has been assessed by looking at the research
environment in system terms. A model was developed which is shown
schematically in Figure 3.1. It is believed that this system modelling approach is
generally applicable to all research, and can be used profitably to assess its
importance in other disciplines. There are a number of contexts within which
research operates:

• Inputs contribute directly to and are in turn transformed by the process of
research, so they are not only the starting point, without which nothing can
happen, but also some of the outcomes of the process.

• Controls have an impact upon the activity of research. However, they do not
provide the means by which the activities are achieved.

• Mechanisms enable the activity to take place but are not transformed by it.

• Outputs are produced as the new outcome of research.

• Stakeholders are the people or organisations that are impacted by research.
They are not limited to the beneficiaries of the outputs; they may also be those
who provide inputs or controls.
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Figure 3.1  A System Model for IT Research
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In assessing the importance of IT research, the model helps to focus attention on
five fundamental questions.

1. Firstly and most importantly, how important are the stakeholders to the
country?

2. Can the stakeholders achieve their objectives without the research activity?

3. Are the stakeholders able to fund the mechanisms and is the value of the
outcomes to them commensurate with this investment?

4. Are the inputs in good enough condition to be able to start the process
effectively?

The system model
provides a focus
on five key
questions about
the importance of
IT research.
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5. Will the controls assist the process, or will they stop the activity from being
carried out or at least prevent it from being carried out effectively?

3.2 The Benefits of IT Research to Stakeholders

3.2.1 The Stakeholders for IT Research

Effective use of information leveraged by IT can have a major impact on an entire
economy as described in Chapter 2. Innovative uses of IT by government,
industry and commerce can improve efficiency and effectiveness to provide
competitive advantage, both at industry and national levels. The stakeholders for
IT research are:

• the IT industry;

• other industries and business sectors;

• other research disciplines;

• the community;

• the government.

So the first question about the importance of IT research can be answered - there
can be no doubt about the importance of the stakeholders. The all pervasiveness
of IT means that the whole country is affected one way or another by the
discipline. The report now discusses the importance of IT research for the
stakeholders.

3.2.2 IT Research and the IT Industry

The IT industry is in a state of continual change and this is driven by ongoing
innovation. IT research continues to significantly improve the effectiveness of the
services sector and helps generate new technology to underpin new products. The
high technology manufacturing areas are aerospace, IT and pharmaceuticals. In
these sectors, R&D expenditure by business in the OECD amounts to 10 to 20%
of production and is continuing to increase. These benchmark figures must be
matched by any country wishing to be competitive.

Publications and reports are important sources of information for industry.
However tacit knowledge transfer deserves as much emphasis as the better
understood codified sources of knowledge in disseminating the results of basic
research and ensuring their application. Tacit knowledge resides in the heads of
those working on a process, or is embodied in an organisation.

Tacit knowledge transfer depends on the local effectiveness of personnel
movement and the existence of formal and informal networks and communication
channels. Personal networks and immediate personal relations appear to be of
crucial importance, particularly at the leading edge of new fields.
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In many fields, lags are of the order of twenty years from the appearance of
research in the scientific community to its greatest effect on production (Garrett-
Jones et al. 1995). In the case of IT, because of the rapid rate of change in the
technology and the significance of information in all innovation, the benefits to
industry are both more immediate and more widespread than with other
disciplines.

3.2.3 IT Research and Other Industries and Business Sectors

In some disciplines, research activity largely supports a single industry and
attempts to meet a single need of society. For example pharmaceutical research
supports the pharmaceutical and health care industries. However, in evaluating IT
research, it is misleading to think simply of its support of the IT industry. The
support that IT research gives to other industries is just as important as the support
that it gives to the IT industry. Studies made in USA, Australia and the UK show
that university research in Information Technology is given a high relevance score
by more industries than any other discipline (ASTEC 1995a, Garrett-Jones 1995,
Garrett-Jones et al., Turpin 1996).

3.2.4 IT Research and Other Research Disciplines

IT is used in all other research disciplines to facilitate data gathering, analysis and
synthesis. New mechanisms for handling information can dramatically impact
many other research areas as will be seen in section 3.3. So IT research is a driver
and facilitator of research in every other discipline.

Many of the following examples of ways in which IT research supports other
disciplines were taken from the Report of the Federal High Performance
Computing and Communications Program of the USA (NSTC 1996).

• Digital libraries: The goals are to efficiently capture, store, organise, search,
process and retrieve knowledge from multimedia electronic collections
containing combinations of text, images, maps, audio recordings, video and
film clips. Digital libraries are designed to be used by a broad spectrum of the
population. By developing digital libraries, many of the limitations and
disadvantages associated with managing and using physical collections can be
overcome.

• Weather Modelling: Weather forecasting, modelling, and research are
advancing rapidly with the advent of high performance computing and
communications systems. Perhaps the most dramatic example of recent
advances is the hurricane modelling system that became operational with the
1995 hurricane season as the culmination of a long development effort.

• Environmental Modelling: Groundwater contamination is a serious
environmental and economic problem, with detoxification costs for existing
sites estimated in the hundreds of billions of dollars. Collaborative efforts
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involving industry, academia, and government researchers enable more
realistic simulation of complex real world environmental problems.

• Manufacturing: Modern manufacturing is increasingly driven by the need for
both high flexibility and speed in process and product development. High
performance IT enables prototyping in a shorter time, resulting in products
that are lighter, stronger, safer, and cheaper to manufacture and use. IT can
also provide more efficient and flexible production systems through
integration of all stages of the process.

• Health Care and Biomedical Imaging: IT provides a potentially huge payoff
in health care. From teleconsultations to availability of health related
databases, the effect of using high performance computing and
communications will enhance patient care, improve drug design, and broaden
access to medical information.

Although psychiatry might seem to be one of the least likely of the medical
disciplines to benefit from IT, a good Australian example can be drawn from
this field. The Darwin Brain Project is building a computer model of the
electrical activity of the human brain. Drawing on the expertise of a
multidisciplinary team of health scientists, mathematicians and computer
scientists, the project is building a model to match a normal brain and will
build models of brain activity affected by various disorders. The immediate
aim of the project is to assist in the choice and use of treatments for the
mentally ill (Campbell 1996).

• Another example from the medical field is in the area of assistance for the
disabled. British scientists are aiming to help victims of paralysis regain full
use of their limbs through microscopic electronic implants. The implants relay
information from muscles and nerve endings to a controlling computer
implanted in the chest cavity (The Weekend Australian 1997).

• Education, Lifelong Learning, and Access to Information: Educational
applications address long term national needs that augment human resource
skills and effectively apply IT to education and training. They also respond to
human resource needs in computer and computational sciences at the primary,
secondary, undergraduate, graduate, and postdoctoral levels.

• Biomedicine: The impact of IT on all phases of biomedicine, ranging from
basic research in molecular and cell biology to scientific and clinical
visualisation and modelling, has been impressive. The expanded capability of
computer hardware and software means that scientific and clinical Grand
Challenges not contemplated a few years ago can now be vigorously
addressed.

3.2.5 IT Research and the Community

The community will inevitably fund much of the IT research through taxation, so
it is important that value for that investment is achieved and understood. A
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number of cost-benefit studies have been made to estimate the social rate of return
from academic research. All studies showed a positive rate of return, with values
ranging widely from a few percent to several hundred percent (Industry
Commission 1994).

IT research has a supporting role and sometimes a strongly influential role in
connection with all social and economic objectives. A survey carried out by
Turpin et al (1996) from a researcher's perspective reveals that the socioeconomic
objective of economic development draws on the knowledge produced from IT
research above all other disciplines.

This role is obvious where the objectives are Information and Communication,
but according to an industry survey there are significant links with many other
additional socioeconomic objectives  (Turpin et al. 1996, Table 16).

3.2.6 IT Research and Government

In general, governments will act only to correct market failure. Initiatives such as
IT research are undertaken by a government because they are perceived to be in
the interest of the whole community, including industry but are not being
addressed adequately by other stakeholders. The imperatives for government will
be driven by the down-stream effects of research, as it translates into employment
and balance of trade. These issues were addressed in Chapter 2.

A very important role for government as a stakeholder is to act as an early user of
technology and products. An example of this is discussed in Section 3.5.1 in the
context of the benefits from government in providing funding mechanisms. The
size of government procurement provides a vital means of providing some focus
back through the product life cycle all the way to the research itself. This is true in
a number of government sectors. For example, the US government space
programs have required huge amounts of research to make them possible.

The role of government research laboratories is also vital, providing a bridge
between the longer term research carried out by universities and the shorter term
tactical R&D carried out by industry. It is important that such laboratories have
their missions reviewed regularly to ensure that their activities are still in
synchronisation with the needs of the community at large.

3.3 Inputs to IT Research

The principal inputs to IT research, and indeed all research are:

• People

• Knowledge

• Ideas

These will be transformed by the research process as envisaged by the system
model. In this section, we briefly discuss each in turn purely as an enabling input
and view them as an outcome in the next section.
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3.3.1 People

No matter what levels of automation are introduced into the economy by the
outcomes of IT research, it is perhaps ironic that research has to begin with the
smartest people and that this will never change.

The countries that are serious about actually participating in the information
industries sector, rather than being merely spectators, have recognised how
important it is to have a population that is well-educated in the foundations and
practice of IT, and with the most academically gifted moving forward into tertiary
and postgraduate work in the field. This has been highlighted in the previous
chapter in the directions taken by Malaysia and Ireland for example.

This process starts at a primary level, goes through the whole of education, and
indeed is a lifetime process, given the rate of change in the discipline. Keeping up
to date poses a major training issue for teachers, though countries have turned to
IT to start to overcome this issue in a number of ways.

In addition to having gifted young scientists who are ready to run through walls to
get to an end-result, it is also vital that a country has older and more experienced
scientists who can provide the wisdom and leadership to the younger generation,
as well as management skills. A project orientation is especially important when
we recognise that IT is an experimental discipline, like the physical sciences, and
therefore in many situations isolated workers cannot make the breakthroughs
required.

If a country does not have sufficient older more experienced scientists, what does
it do?

• It can attract expatriates to return. This has been achieved very successfully in
countries like Taiwan and Korea, where there has long been a tradition of
outstanding graduates going to the USA for postgraduate and postdoctoral
work. Incidentally this diaspora of scientists often keeps in close contact with
the staff of its original universities and provides an excellent listening post for
new developments and ideas. Australia has had some, but limited success, in
attracting the return of expatriates.

• It can attract world-class experts by offering significant facilities and
opportunities. It is clear that lifestyle improvements is not enough to get the
best people. This may be done on a temporary basis, as a Distinguished
Visitor program, but also on a permanent basis through immigration. As an
example drawn from physics, the move to Australia of Prof. Paul Davies of
the University of Adelaide continues to have a positive impact on the
discipline, in terms of visibility and activity.

3.3.2 Ideas

In a rapidly moving technologically oriented discipline like IT, getting good ideas
for research projects is both important and quite difficult. Often projects that
seemed relevant in the planning and funding application stages are irrelevant three
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years later when the project is complete. Many countries address this problem
with flexible structures that encourage regular interaction between researchers and
those closer to the marketplace, such as those in place in the Ontario Centres of
Excellence in Canada. (see Appendix 6), or the Malaysian initiatives in the MSC
(see Section 2.6.2), or the Australian Cooperative Research Centres (CRC).

Exchanges of staff are seen as a good way of generating ideas. Academics can get
ideas by spending sabbaticals in industry, or to have industry personnel spend
some time at university. More traditional ways are of course to attend conferences
and seminars.

Whatever is done, it is important to give researchers access to sources of ideas
which is especially true at an international level.

3.3.3 Knowledge

The starting point for much research is based upon knowing what has gone
before, either to build upon it or to avoid reinventing the wheel, or to avoid the
same pitfalls as those that tripped someone before. This is part of any competent
researcher's stock in trade.

3.4 Outcomes from IT Research

In the IT research system model illustrated in Figure 3.1, the outcomes of research
are due both to the transformation of inputs and the direct outputs.

3.4.1 Trained Researchers

Perhaps the most valuable output from academic research is the knowledge and
skills gained by the people involved. This is particularly true of IT where the
skills and knowledge of the researchers are highly transferable. Indeed industry is
usually less interested in the contents of published papers than in the tacit skills
and experience that underlie them. Publications are partly devices for signalling
and identifying relevant expertise (Pavitt 1996).

Any well managed research project will lead to publications in some combination
of reports, journals, conference proceedings or theses. In most cases, knowledge
of lasting value will be obtained. However, the researchers involved, if properly
trained and supervised:

• will have gained leading edge knowledge in their discipline;

• will be conversant with some of the latest tools and techniques in the field;

• will have conversed and corresponded with experts in the field;

• will have become familiar with the research literature;

• will have solved many problems along the way;

• will have engaged in sustained intellectual effort for a long period and;
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• will have written up their work formally in a major thesis.

This knowledge and training process itself is of great value to the individual and
his or her future employers.

In many situations, the intellectual training is actually of more value than the
specialist knowledge. It is not uncommon for recent PhD graduates to change
direction and make little further use of the highly specialised findings reported in
their doctoral thesis. The training they have received will still be of major value.

Because these benefits are widely though not universally understood, graduates
with IT research degrees are in great demand, especially in countries where a
great deal of R&D takes place within business, because they combine the research
training with current knowledge. In fact, it is inevitable that a proportion of those
with research training will leave Australia for countries like USA where support
for their work may be superior. In spite of this loss, research training remains a
vital addition to the intellectual capital of the country. This is true whether the
researcher pursues an academic career or moves into business to make a more
direct contribution to the economy.

The tacit knowledge held by senior IT researchers is another, longer term
outcome from the research process. Many years spent in solving problems with
high intellectual content makes senior researchers very valuable consultants to
industry. Such staff must have the mind-set to want to undertake such work.
Though popular abroad, it is much less common in Australia.

3.4.2 Influence and Access to Foreign Research

The existence and quality of IT research in any country (including Australia) will
allow it to participate in a variety of forums, both in a national context, (eg special
interest groups in the ACM) and international (eg international standards bodies).
This influence can have a major, if intangible, beneficial effect on that country’s
standing in a variety of arenas.

It is sometimes suggested that Australia can rely on research carried out in other
countries. However this is a mistaken view for the following reasons:

• Researchers and the organisations that employ them can have more control
over the dissemination of the knowledge that they create than might first
appear to be the case (Industry Commission 1994). In most industrially
advanced countries, most of the economic benefits of government investments
in basic research and training are captured by local firms (Garrett-Jones 1995).

• The main economic benefits of basic research are not easily transmissible
information, ideas and discoveries available on equal terms to anyone
anywhere in the world. Instead they are various elements of a problem-solving
capacity, involving the transmission of often tacit knowledge through personal
mobility and face-to-face contacts. The benefits therefore tend to be
geographically and linguistically localised (Pavitt 1996).
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• Countries and companies can benefit academically and economically from
basic research performed elsewhere only if they belong to the international
professional networks that exchange knowledge. This requires a strong world
presence in basic research. Just as a major reason for defence spending by
Australia is to enable cooperation with the defence forces of other countries, a
major reason for IT research is to demonstrate enough credibility to be part of
the international research community.

• Economic exploitation of the discoveries, inventions and innovations of other
countries or firms is not quick and cheap, but costly and time consuming.
Research and development activities of firms play an essential part in such
learning and improvement. Both require publicly funded systems of basic
research, providing skills and knowledge to practitioners through a
multiplicity of channels.

If any country wishes to be a player and not a spectator in high technology, then it
cannot rely on research carried out elsewhere.

3.4.3 New Products, Services and Processes

New products, processes and services arise in a number of ways. Sometimes an
alert individual or small group will see a market opportunity and seize it with
great success. The history of personal computers contains several such stories.
More commonly, innovation comes from a longer period of development
undertaken by a team of skilled people relying on an existing body of technology,
and having on-going access directly or indirectly to existing or new customers. It
is well known that the costs associated with marketing, packaging and
productising make bringing a new concept to the marketplace much more
expensive than the cost of the original research or prototype.

Because academic research is mainly basic or strategic, and because universities
are not close to the general marketplace, few new products come directly from
universities. Of course, some widely used products such as the UNIX operating
system have been developed without specific commercial intent.

It is particularly business R&D which is directed toward development of saleable
products and services. International companies such as Microsoft reinvest a large
proportion of their income into development of the next product or the next
generation of an existing product. In Australia, the amount of R&D carried out by
industry in IT is still low. However, the amount of software written locally is
rising from a low base.

There is no sign of slackening in the pace of innovation in IT. Most of the
developments which will enhance our lives in the next few years will either be
information products or will have a substantial IT content. Even better devices to
assist the handicapped will increasingly rely on IT, and management of the
environment cannot be effectively performed without IT support.

None of this can happen without IT research and development. Australia has
every incentive to play an important part in this process.
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3.4.4 IT Research and Trade

The high technology areas of IT and pharmaceuticals are the areas in which R&D
is greatest worldwide. These are also precisely the areas where international trade
is growing most rapidly. High tech trade grew by 11% per annum from 1980 to
1993. Other manufacturing trade increased by 5% annually. The high levels of
research and innovation are what is pushing these marketplaces forward most
rapidly.

After the USA, the regions with the highest concentration on knowledge intensive
products in their export trade are Japan and the ASEAN countries. Japan has
achieved these results by R&D in its own country. The ASEAN countries have
achieved this, not by the efforts of local firms, but by encouraging large
international companies to manufacture in their countries. The major successes
have been in computing and electronics. South Korea and Taiwan hold an
intermediate position, as was discussed earlier in Section 2.5. East Asia and
ASEAN now supply half of the world's exports in computer and electronic
products.

The chart below shows trends in the relative specialisation in high technology
exports in selected OECD countries. Throughout its history, Australia has
exported many primary products and has had a low concentration on knowledge
intensive exports, but as the chart shows the figures are improving from their low
base. It is well below the world average which is scaled at 1.

Figure 3.2  Relative specialisation in high technology exports

Source: Sheehan 1995
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3.5 Mechanisms for enabling IT Research

3.5.1 History of Government Intervention in IT Research

A careful examination of this subject has been made in the USA, where most of
the advances have occurred (Press 1996). Government has supported IT R&D
starting with Babbage and ENIAC and most of the experimental computers that
followed. A total of 105 advances in computing technology were considered,
ranging through memory, magnetic storage, hardware organisation, software
advances etc. in the period 1946 to 1973. Of these 105 important advances, 50
were financed by the government and 49 were first purchased by the government.
So the role of government as a funder and an early purchaser of technology has
been absolutely key to the rapid uptake of IT in the USA.

The story with communication networks is even more striking. Every significant
step has been seeded with government money. These steps are as follows:

i. In 1843, Samuel Morse received a $30,000 congressional
appropriation which was used to seed the first electromagnetic links
from Washington to Baltimore, New York and Boston.

ii. The first large computer network was SAGE, designed to defend the
USA against bomber attacks. It included 56 computers and 25,000
telephone lines and cost about $8 billion.

iii. The first research network was ARPANET, which commenced in 1969
with $25 million of federal funding and eventually connected 57
nodes.

iv. In 1981, CSNET was established, connecting computer science
researchers in the USA and abroad. The government provided an
initial $5 million.

v. In 1987, NSF provided leadership and money for a more ambitious
network to link the whole university and research community, and
finally the commercial sector. About $58 million was involved in the
first instance, with much more since.

The benefits from these early investments by the US government have been
immense. Huge industries have now been built on these technical advances. The
organisations doing the R&D have benefited directly and subsequently from the
technological lead which they obtained.

The greatest payoff of government intervention is in social return to individuals
and organisations that do not participate directly. Social return provides the
rationale for government support, since self serving organisations under-invest in
risky research. This point is supported by Mortimer (1997) in arguing that
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ongoing government investment should be focussed on activities where there is
insufficient market payback but there is a national interest at stake.

3.5.2 Picking Winners

In the IT field, prediction about what will happen is especially difficult because of
the ongoing rapid rate of change in the technology. When ENIAC, the world’s
first electronic digital computer, was being constructed in the early 40s, Thomas
J. Watson, founder and chairman of IBM, predicted that there would be a world
market of maybe five of these machines. Given that, by modern standards,
ENIAC was extremely slow, highly unreliable, and very expensive to build and
operate, he was probably right! However a few years later the transistor became
available and computers based on these devices were not only much faster but
also vastly more reliable. They could now be used for business data processing
and not just for scientific calculations. The computer revolution began to
accelerate so that today, 50 years later, there are over 200 million of these
machines in the world.

Attempts to allocate resources on the basis of expected economic and social
returns turn out to be both relatively straightforward and useful at one level, but
complex and dangerous at another (Pavitt 1996).

At the level of broad disciplines, government funding agencies and research
organisations are capable of identifying the fast changing fields that are of
potential long term economic and social interest. IT appears at the top of every
such list of fields. CSIRO, for example, has conducted a research priority process
to assist with the allocation of resources across the organisation. The process
examines each industry sector against two criteria, attractiveness and feasibility:

• Attractiveness: how and to what extent will there be socioeconomic benefit
from the scientific and technical advances relevant to the sector;

• Feasibility: what is the overall rate of progress and how strong is the capacity
to perform the research in a timely and competitive manner.

CSIRO's analysis identified the IT sector as a high priority for CSIRO research,
ranking first on attractiveness and sixth on feasibility.

Such priority processes are important as one of the inputs for determining
resource allocations and are proposed for broad implementation by Government
in the Stocker report.

However, at the detailed level of subfields, programmes and projects, attempts to
establish priorities are misconceived, given our inability to predict the technical
success of basic research. Trying to pick winners at these levels is fraught with
danger and is not attempted in this report.
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3.5.3 IT Research Infrastructure Support

Disciplines have differing needs in pursuing research programmes. For example it
is well recognised that engineering research needs to be funded at a higher rate
than mathematics because of the different equipment requirements.

In all branches of IT, research is mainly of an experimental nature. Many projects
require access to modern supercomputers, and some to special purpose networks.
Much information systems research requires techniques to be evaluated in
realistic situations.

For these reasons, IT research requires substantial infrastructure and technical
support. Funding mechanisms often fail to recognise these needs. Section 2.5
illustrated the extent to which governments like those as diverse as the USA and
Malaysia have been prepared to invest in IT infrastructure. This includes:

• High speed networking at a national level with international links;

• High performance computing;

• Support and system staff.

3.6 Controls on IT Research

3.6.1 Government

There are many constraints under which any government must operate. The usual
ones centre around the political issues of public spending, priorities and time
horizons.

It is notable from Section 2.5 that countries such as Ireland and Malaysia have
governments that are able to take a long term view of the outcomes of a strategy
and give it time to work. This implies either a consensus across the political
spectrum, or very long lived governments.

3.6.2 Industry

The funding structures under which industries operate means that they are unable
to take a long term view. Indeed this may have to be a quarter by quarter view. It
is usually a funding shortage rather than stupidity or myopia that makes industry
unwilling to take on the gems that emerge from academic environments. The
USA’s huge commercial success with start-up companies is largely due to the
maturity and sophistication of the Venture Capital marketplace. From this has
emerged an attitude in academic institutions that start-ups can be a practical
proposition.
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3.6.3 Academic Institutions

If research in IT is to be a growth area, then universities and research laboratories
have to take it seriously. This means providing a structure that recognises the
discipline, rather than scattering it thinly around many different faculties. This is
never the case for entrenched disciplines like Law or Medicine.

It also means that adequate funding must be provided. Many US universities are
masters at acquiring funds for particular purposes from industry or foundations.
Other countries need to rely on government funding.

So a major if often subtle constraint on the success of IT research will come from
the attitudes of the university hierarchy to newer disciplines.

3.6.4 Cultural Constraints to IT Research

For many countries there are long-standing cultural elements that will constrain
the effectiveness of IT research. These may include:

• Language: IT is probably going to be more responsible for the increased use
of English for business purposes than even television. The Asian countries are
putting large resources into ensuring that their secondary students will emerge
with an adequate standard of English. This requirement is even stronger in IT.
Even programming languages are strongly oriented towards English.

• Feelings of Technological Inferiority: If governments and business actually
prefer to buy foreign high technology products because they think the locally
made ones cannot be as good, then this will ripple all the way back to the
research process itself. Of course, this is never stated specifically, but it is
there in the subconscious of many people in many countries, including, or
especially, Australia where it has the neat phrase of "technological cringe".

• The Professions: In many countries such as Germany and Hungary, the
engineer has high social standing. Engineers are seen in the highest positions
in commercial organizations. In other countries including Australia and the
UK, this is much less often the case. It is usually a set of accountants who are
running the organization. The attitude that says that the most prestigious jobs
are not in engineering or IT, but in medicine, finance or law means that the
most academically gifted students will aim for these professions, even though
they may not find satisfying intellectual challenges in their subsequent
careers.

3.7 Key Observations

• The focus given by the structure in the IT Research System Model, in
assessing the importance of the research, enables the report to draw much
more objective conclusions than those derived from special pleading for this
discipline over other competing areas for funding.
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Importance of the stakeholders

• The stakeholders for IT research cover the whole of the public and private
sectors.

Importance of IT research to the stakeholders

• The rapid change in IT is driven by constant innovation demanding IT
research.

• IT has one of the highest levels of research of all industries and this is
increasing.

• Relying on overseas IT research alone is not sufficient.

• It is generally not perceived that the benefits of IT research are delivered
through human experience and expertise.

Funding IT research and return on investment

• The experience of the USA shows the enormous benefits to be gained from
significant investments in IT research.

• IT research requires substantial infrastructure both locally and globally.

• Funding of this infrastructure needs to be driven in the main by the
government.

The Inputs

• To undertake IT research, it is vital to have the most academically gifted
students wishing to pursue a career in IT.

• There is a need to provide opportunities to interact with many others to
generate research ideas and concepts.

• Obtaining new ideas often involves stepping outside the IT discipline to
interact with users of IT systems.

The Controls

• There needs to be a major change in the attitude of the community towards the
legitimacy of a profession in IT compared with the more traditional ones.
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4

 The Current State of IT in Australia

Synopsis

The current situation is of major concern though there are recent signs that the
gravity of the situation is belatedly being recognised. Though Australian IT
exports are greater than wheat sales, there is a 4:1 trade imbalance in IT which
may double by 2005. IT employs more people in Australia than does agriculture.
However nearly all local companies are very small. IT research has suffered from
low government funding compared with other disciplines. As a result we do not
have a strong base, either in researchers or infrastructure, from which to work.
Though industry R&D has risen, it is well below international levels. Interaction
between industry and academia is small and there are few IT Cooperative
Research Centres compared with other areas.

4.1 The Information Industries in Australia

The information industry in Australia shares all of the global characteristics of the
industry as described in Section 2.2, with of course particular emphases because
of our economic, social and geographic position.

• The most recent total revenue estimate for the information industries in
Australia is $67 billion in 1995, which is about 7.5% of total revenues across
the Australian economy.

• In Australia, it is estimated that 500,000 people are employed in the
information industries. This compares with 400,000 in agriculture, 250,000 in
automotive industries and 85,000 in textile, clothing and footwear
manufacturing.

• Australia suffers a 4:1 trade imbalance in IT which is set to double by 2005.
Our IT exports amount to $4 billion, so the industry is now one of Australia’s
leading exporters with export sales valued at more than sales of wheat,
automotive or wood chips for example (see Figure 4.1). However, this
represents only 0.3% of world exports in IT (see Figure 4.2). Further, our
imports of IT amount to $17 billion. Whilst Australia accounts for about 1.2%
of world GDP, it consumes 2.3% of world IT usage. We are the largest single
market in Asia after Japan.
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Figure 4.1  Australian leading export averages for 1992-93, 1993-94 & 1994-95
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The Australian-owned component of the industry is dominated by SMEs.
Houghton  et al. 1996) found that in 1993 more than 95% of all IT businesses had
less than 20 employees, whereas fewer than 1% had more than 100 employees.
There have been over 7,000 start-ups in the past 5 years but very few have grown
to any size. In the top ten IT businesses reporting revenue in 1995, only three -
Telstra, Optus and Tech Pacific - are Australian, with the latter coming in eighth
position (see Figure 4.3).

Figure 4.2 Country shares of IT equipment world exports 1995

Australia

Israel

Ireland

Netherlands

France

Taiwan

Germany

UK

Malaysia

S. Korea

Singapore

USA

Japan 18.0%

16.5%

6.9%

6.2%

5.5%

5.5%

4.9%

3.5%

3.4%

2.0%

0.4%

0.3%

5.2%

Total IT&T Exports 
US$595 Billion

Source: WTO, November 1996

Nearly all locally
owned companies
are small, …



39

Figure 4.3 Top 10 Australian IT businesses reported revenue 1995
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• On the other hand the suppliers are dominated by a small number of
multinational companies. The names are familiar - IBM, Ericsson, Hewlett-
Packard, and Microsoft. However as Kaplan (1997) states: ‘The sad fact is
that too many of the major IT organisations in this country seem to see
themselves as box-shifting outfits. Their focus on sales and development here
is largely a matter of tailoring what comes in from overseas’.

• The only area where there are any indigenous Australian companies of any
size is that of IT services. This is a $10 billion business in Australia, and is
growing with the popularity of outsourcing. However, it is almost exclusively
domestically oriented with exports of less than $500 million, and increasing
penetration from large MNCs such as EDS, IBM, GSA and CSC.

• At the time of writing, there are signs of a major change in the attitude of the
Australian Federal government to the key importance of IT to this country.
The release of the Mortimer report (Mortimer 1997), the Competitiveness
Study (Charles et al. 1997) and the IT Industries Task Force Report
(Goldsworthy et al. 1997) has led to positive responses from the highest level
of government. It is to be hoped that this is an indication that Australia will
actually take on the challenges of the global IT revolution.

• CSIRO has conducted a Research Priority process to assist with allocation of
resources across the organisation. IT scored highest in terms of its
attractiveness and sixth on feasibility. Perhaps this will enable CSIRO to
move away from its heavy focus on agricultural sciences which, as recently as
1996, obtained 30% of its resources compared with 5% for IT.

… the MNCs
dominate the
market …

… except in
system
integration but
this has a
domestic focus.

The recent
Reports
(Goldsworthy,
Mortimer ..) may
be influencing
Government
thinking, …

… CSIRO is re-
examining its
priorities …



40

• Nearly all state governments have recognised the importance of IT to the
future of their economies. Victoria has moved furthest in providing
infrastructure to support exploitation of R&D. It has appointed a Minister for
Multimedia with responsibility for Multimedia Victoria, to coordinate a
strategy and project implementation framework. This involves investment in
R&D exploitation such as the establishment at RMIT of the Interactive
Information Institute to create sustainable IT products in collaboration with
government, industry and the community. In the other states, South Australia
has an Information Industries Department, Queensland has established a
Ministerial Advisory Council for IT, chaired by the Premier. The peak body in
New South Wales is the NSW Information Industries Advisory Board. (The
Age 1997).

• The growth in employment opportunities from an expanding and successful IT
industry could be dramatic. The Competitiveness Study (Charles et al. 1997,
p. 95) quantifies potential employment benefits in areas where there are
opportunities to change performance and provide considerable additional
employment. It suggests that, for example, opportunities in electronic
commerce services, multimedia content and software for global vertical
markets could generate 30,000 to 40,000 new jobs by 2005.

Australia is a world leader in the uptake of IT products:

• Personal computers have been rapidly accepted by Australians. In early 1996,
the number of computers per 1000 people in the top four countries was as
follows (Fox 1996): USA-319; Australia-225; Canada-220; Norway-218.

• Best estimates by Network Wizards of California (Bogle 1997) indicated that
with over 500,000 network hosts, Australia is fourth in the world in Internet
hosts per head of population, behind Finland, Norway and USA. This
represents an increase in 1996 of 66%. Nearly 25% of the population use
mobile phones, second only to Scandinavia.

• Australian information equipment revenues grew almost 17% in the year
1994-95, compared with 14% in the United States and 9% worldwide. A
broader measure of IT market revenue grew 14% in 1994-95, compared with
12% in US and 8% worldwide. Telecommunication services grew by 12%
over the year compared with 11% in US and 6% worldwide. Though the
figures for one year must be treated with caution, it seems that IT market
revenue growth is stronger in Australia than in major international markets.

… and the States
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A concise summary of the information described above is presented in the
following table.

Information Industries Key Data

Revenue $67 billion
(approx.)

Representing approx. 7.5% of total Australian revenues, a growth of
13% for the year to 1995. (1995 data).

Exports $4 billion The industry is one of Australia's leading exporters with export sales
valued at more than sales of wheat, automotive sector and wood chips.
Australia holds a tiny share of world exports in IT being only 0.3%.

Imports $17 billion While Australia accounts for about 1.2% of world GDP, it represents
about 2.3% of world usage of IT.

Employment 500,000
(approx.)

The sector has become one of the most successful generators of new
jobs during the last decade.
The information industries underpin employment in many other sectors.

Businesses 13,600 As at June 1996, this represents a growth of 87% in this sector since
1992-93.
95% are small businesses employing less than 20 people; 3.7% are
medium-sized businesses employing 20-100 people; 1% are large
businesses employing more than 100 people.
Growth is in excess of 10% pa.
Many supplier segments are dominated by MNCs.

Balance of
Trade

$14 billion
absolute deficit

(1995) est.

Balance of trade is presently running 4:1 against Australia.
This could exceed $30 billion by 2005.

Contribution
to GDP

7.5% est. These activities are growing in excess of 10% pa in every segment.

Source:
ABS Catalogue No. 8143.0 (1997)

The Information Industries Taskforce: http://www.dist.gov.au/itt/tskforce/
Spectator or Serious Player?

Competitiveness of Australia's Information Industries (1997)

4.2 Australian Studies on IT

In Section 2.4, the report reviewed the brave words of a number of countries
assessing the importance to their societies of having a strong indigenous
information industry. If the Australian response were measured in terms of reports
commissioned to study the situation, then one might be persuaded that
considerable activity is also underway here. Australian governments have been
aware for some years that IT is of great significance, and a number of studies have
been initiated to obtain the best possible advice.

In October 1996, the Department of Communications and the Arts (DOCA)
prepared a summary of recent reports to government and similar documents on
matters relating to online services. Thirteen different recent reports were
summarised, just in the area of networking and Australia's future. These included
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an overview of government responses to recommendations. Also listed were four
significant recent policy statements by governments.

Also in October 1996, the Australian Science and Technology Council published
the final report of their study: Matching Science and Technology to Future Needs:
2010, which brought together the main outcomes of a number of mini-studies,
broad ranging consultations, extensive literature reviews and analysis of overseas
foresight experiences. One of the four key forces for change which were
identified in this report is 'Applying Information and Communications
Technologies'.

The Department of Industry, Science and Tourism (DIST) of the Federal
government included the following comments in its Annual Report for 1995-96
(DIST 1996a):

• The rapid growth of the Internet and online services is generating a significant
demand world-wide for multimedia services and content;

• Information industries increasingly underpin the competitiveness of activity
across the whole economy.

• The department's policies and programs aim to position Australia as a leading
edge supplier and user of information technologies and services by:

• encouraging investment in research, development and manufacturing;

• enhancing international competitiveness and integrating Australian firms
into world production, service and marketing networks; and

• progressively developing a supportive and internationally competitive
infrastructure covering such areas as innovation, quality, standards and
intellectual property.

4.3 The Future for Australian IT Industries

Although the section above indicates that government is aware of the importance
of IT, the progress made by the IT industry tells a rather different story. The
various reports relating to IT and Australia's future carry a very similar, worrying
theme. Australia is not keeping up with the rest of the world. We are slipping
behind our Asian neighbours. We have yet to fully comprehend the seriousness of
the current situation and the very real prospect that our nation is falling behind in
the technologies which will determine our prosperity in the 21st century.

The Goldsworthy report The Global Economy – the Way Ahead (Goldsworthy et
al. 1997) is the most recent in a long line of reports focussing on elements of the
future of the IT industry in Australia. It calls for a national information industries
strategy and a national agenda to meet seven challenges. Of these, the sixth
challenge ‘Enhancing skills formation, education and training’ is perhaps the most
vital and one that will take the longest time to turn around. The report states:
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Investment in, and promotion of, high quality education and training is one of
the most important contributions that can be made to Australia’s future. The
availability of skilled workers is a key to attracting investment, advancing the
take up of new technology, undertaking innovation and creating sustainable
competitive advantage. In the information industries more than most other
sectors of the economy, the core competitive advantage rests in the skills of
people. And this is becoming increasingly true of information and
communication technology user industries too.

If the thrust of the Taskforce’s National Information Industries Strategy is
accepted and the actions implemented, there will be a substantial increase in
demand for skilled personnel, and initiatives on skills development will be an
even higher priority.

Despite expressed intentions to be the clever country, education expenditure
levels are more indicative of a country that is falling behind. In 1993,
Australia ranked 17th among 27 countries in terms of direct public
expenditure on education as a percentage of gross domestic product (Figure
6.1). If Australia is to be a part of the economic growth and prosperity of the
21st century we must significantly increase aggregate expenditures on
education, including contributions by the private sector.

Decisions made in Australia now will have an important bearing on the economic
wellbeing of Australia for decades to come. Currently, rapid developments are
taking place in the area of the Internet and dramatic new opportunities are
occurring which together are creating an online economy. The new opportunities
have been graphically portrayed in a recent report commissioned by the
Australian Coalition of Service Industries (McKinsey 1997):

Our competitors in the global economy are already taking significant steps to
embrace the online economy and, as first movers, may capture an important
advantage. Winning online nations will enjoy lower costs and higher service
exports, leading to employment and strong national economies. Nations
failing to embrace the online economy are likely to see tradeable services
supplied by offshore companies, high unemployment and lower economic
growth.

This report identifies a number of areas in which Australia could take a leading
role, including the following:

• In financial services, Australia could provide online banking and funds
management, which attract customers worldwide. Other opportunities lie in
the creation of an Asian stock exchange and in becoming a respected source
of financial advice.

• In health services, remote medical diagnostic services could be offered using
world experts.

• Using our experience in distance learning programs, we could create a large-
scale online degree program.
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• We could become the regional centre for online gambling, offering a casino
and sports betting service to Asian and local gamblers.

Australia, perhaps more than any other nation, has much to gain from taking the
lead in the online economy. It is critical that we can use it to overcome the
limitations of our geographic isolation and small local market. Businesses,
governments and consumers should have online economy issues at the top of their
agendas.

Addressing these issues quickly and successfully will provide opportunities to
increase growth and reduce costs, leading to higher employment and national
wealth. It will also provide the potential to improve personal productivity and
lifestyle. Ignoring these issues could result in a rapid demise for business in
Australia, leading to a decline in employment and national wealth.

A report commissioned by ASTEC and CSIRO (Sheehan et al. 1995) recognises
the necessity to change from a primary product economy into one based on a
knowledge economy, but probably underestimates the difficulty in making a real
change beyond some isolated promising beginnings:

While Australia continues to face fundamental challenges in adapting an
economic structure suited to an earlier time to the realities of the
knowledge economy, some good progress has been made and very real
opportunities are available for the future. Business R&D has risen
sharply, as has the R&D intensity of much of manufacturing. A small
high tech export capacity is emerging, in conjunction with a broader
move to export-based manufacturing. Australia appears to have genuine
competitiveness in service activities, and could play an important part in
the globalization of services, especially in Asia.

Continued and indeed intensified activity in innovation in general, and in
commercially focused R&D in particular, will be central to further
adaptation of the country's economic structure. Various suggestions are
made about programs which could contribute to a much enhanced R&D
effort, leading Australia to reach or exceed the OECD level of business
R&D as a share of GDP by 2002-3. The returns to the achievement of
such an enhanced, commercially driven R&D scenario are certain to be
substantial, our estimates implying an increment to growth of about 0.7%
per annum and an addition to the level of GDP of nearly $40 billion per
annum by 2002-3.

The economic, social and indeed fiscal dividends from such an increase in
long term growth would be of first importance in relation to many of the
nation's objectives. Australia would be well advanced towards creating a
genuine knowledge economy, which builds on the nation's strengths but
adapts them to the quite different world of the 21st century. The social
dividends from increased growth and employment and from the
application of knowledge to community issues should help in addressing
the problems of unemployment, inequality and inadequate human
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services. The challenges of the knowledge economy are unavoidable, in
virtually every aspect of economic and community life, but Australia is
still well placed to meet these challenges.

The McKinsey report (McKinsey 1997) stated:

The emerging online economy is turning the service industry on its head.
With this change will come unprecedented opportunities for Australia to
achieve high growth and create wealth. The change will also expose the
nation and its businesses to a major threat in the form of new and
potentially devastating off shore competition. Either way, the online
revolution puts Australia’s economic future on the line.

Australia has been a world leader in efficient primary production from our farms
and mines. The proportion of world trade in these commodities is declining and
we can no longer depend on these resources. We have been far less impressive
with manufactured goods, and other countries have overtaken us in prosperity. As
services become more important, we have another opportunity to climb the world
rankings by grasping the opportunities arising from the knowledge economy.

4.4 Participation in R&D in Australia

The report now turns from the rather poor and declining general health of the
Australian information industries to a review of Australian research in IT.

4.4.1 Direct Participation in Research

The direct participants in IT research are drawn from three sectors:

1. The universities conduct IT research either through departments that are
organised in different ways depending on the institution, whether Computer
Science, Electrical Engineering, IT or Business, or through specially set up
centres.

2. Commonwealth government agencies such as CSIRO and DSTO undertake
research into IT. However, CSIRO's percentage investment in IT has been
very low in comparison with its other areas. Telstra had a very proud record
in IT research through its research laboratories, but this has been substantially
cut back, as well as its longer term support in the form of project funding to
universities which has gone from $10M per annum to virtually zero.

3. Direct participation in R&D by business is low by international standards. It
is 25% below the comparable ratio for all OECD countries (Charles et al
1997, p. 30) and even more for our Asian neighbours. This latter comparison
is more valid as we are coming off a lower base than other OECD nations.
The profile of IT companies described earlier helps to explain this. There are
fewer than 50 local companies with revenues above $5 million and fewer
than 12 with revenues above $100 million, with a strong bias towards
consulting. The lack of a venture capital ethos in any Australian financial
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institution, the orientation of the R&D tax incentives towards profitable
companies, which essentially excludes start-ups, the complexity and
fragmented nature of government grant money, all make it very difficult for
IT organisations to undertake research directly. There is however some level
of investment by non-IT companies in IT research, in areas such as
techniques for advanced analysis of geological data. (Mortimer 1997)

There are many organisations who should be more directly involved in IT R&D
but are not. These include:

• State government agencies such as departments of Agriculture which
undertake research but it is certain that little of State activity is oriented
towards IT, though State Governments are looking at encouraging commercial
activity in IT.

• The majority of MNCs who regard Australia as merely a place to which they
ship product.

4.4.2 Collaborative Research

The two major formal schemes funded by the Federal government that involve
industry are the Cooperative Research Centres (CRCs) and Partnerships for
Development (PfD)

• The central organisation of a CRC is made up of a number of research
partners and industry partners, usually large companies. There is also scope
for commercial organisations to be involved at a project level. From
comments received during case studies and interviews, there is little doubt that
both researchers and industry do place considerable importance on the CRC
concept. This form of interaction does seem vital in creating an end-to-end
process from a research concept to the marketplace. It does fit well with the
view of IT research having an experimental orientation.

• There are relatively few CRCs with a specifically IT focus, a point returned to
in section 4.4.3 below. Another missing component in CRCs to date has been
to nurture IT research in a multidisciplinary environment, in other words, to
have a partnership between IT researchers and other specialist researchers, in
say an agriculturally-oriented CRC. This is an opportunity that should be
encouraged to generate valuable intellectual property and know-how for IT.
The structure of the CRCs is such that they tend to be dominated by the large
partners.

• Turpin et al. (1996) makes the point that, for industry-driven links as is the
case in IT, an important resource is the availability of creative and skilled
experts employed in entrepreneurial structures. He suggests that the structure
of Cooperative Research Centres may prove too rigid for nurturing this sort of
capability. The somewhat unusual structure of the information industries with
many small companies and very few large indigenous companies further
exacerbates the problem of forming partnerships to meet the present criteria of
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the CRC program. The ongoing rapidity of change in IT may mean that
applied projects may well not be relevant by their end point. There is
considerable rigidity in the CRC structure which locks projects into place for a
predefined time.

• The Partnerships for Development and Fixed Term Arrangement programs
encourage companies to undertake export activities as well as carrying out or
sponsoring research in Australia. Foreign companies must display a long term
commitment (5 to 7 years) to value-added activity. The BIE report (1994)
found that the program has contributed to increasing the capability and status
of Australian IT companies. This program has undoubtedly helped increase
investment in IT R&D in Australia by $73 million from 1988-89 to $344
million in 1992-93. However the ‘stick’ policies lead to some particular
responses as commented by Charles et al. (1997, p. 41) 'Each MNC’s export
performance tends to be a fraction of its perceived domestic sales opportunity
and is particularly driven by each firm's interest in sales to the Government or
the licensed telecommunication carriers'.

The use of compulsion as in the PfD program does not meet universal approval
and Goldsworthy et al. (1997) favour more of an incentive-based model in their
Challenge 3 ‘Proactive Investment Attraction’.

4.4.3 Links between Academia and Industry

Linkages between industrial and public sector research groups are especially
important in IT because of the need for constant innovation, and the potential for
rapid commercialisation of the results of research. The linkage may not be with a
company in the IT sector, and multidisciplinary industry-linked research is a very
fruitful area. Other than the potential for commercial benefit, there are other very
diverse benefits, ranging from improving research knowledge in industry, to
giving insights into industry needs, to providing applied research experience for
postgraduate students.

However, practical issues may reduce the scope for launching joint projects:

• There are structural impediments that limit the extent of research collaboration
between higher education and industry. Regardless of what may be said to the
contrary in public, universities reward researchers on the basis of their
published original research results. This means that there is a focus on open
exchange of ideas, and a longer term focus, compared with a need for
commercial confidentiality and a time to market imperative that is especially
important in a rapidly changing sector like IT;

• There are also resource constraints on collaboration. The university may not
have sufficient research facilities or specialist staff to support joint projects.
Staff lecture loads may not allow for flexibility of timing to meet project
deadlines;

• There are also some psychological barriers to joint projects. There is a
perception among academics that industrial research is mundane, and that the
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only source of original ideas comes from the ‘real’ researchers. Industry
personnel on the other hand often see academics as being impractical in their
ideas or even unreliable in meeting time frames.

There is powerful evidence linking business research with increased exports.
Firms undertaking innovative practices are the same firms that enjoy increasing
exports. Yet, it is now well-known that the market under-invests in research,
which is why governments in all advanced economies spend substantially on
basic research and on encouraging research in firms (Pavitt 1996).

4.4.4 International Cooperation

All research has an international dimension, and this is no less true for IT
research. Though the Internet has reduced the tyranny of distance, this alone is not
enough. Just as IT is a global business, so must IT research be global.
International links are a particular concern of the ARC which assigns to these
connections first level importance in its strategic objectives for Special Research
Centres (SRC) and second level significance in its strategic objectives for the
grants program.

During an interview for a case study for this report, the managing director of
Syrinx Speech Systems indicated that his early interaction with researchers in
Great Britain gave him great insight into the form, structure and demand of
Europe’s market for his particular product development which was more
important than detail on the country’s research initiative. It was the informal
transfer of tacit knowledge that was found to be of most value.

Bourke and Butler (1995) undertook a study into international links in higher
education research. Their findings, in part, are as follows (p. 13):

• International links are important in allowing access to tacit, in addition to and
in preference to, codified knowledge.

• International links are especially important for small and medium range
countries such as Australia in allowing participation in and access to the
mainstream research activities from which scientific and technological
innovation largely derives.

• International links are important in facilitating access to and visibility in the
major international forums.

• International links are best fostered through active collaborations at the
highest level involving international exchanges of persons and through joint
ventures.

Of some considerable concern, this study also reports that an examination of all
ISI publications focussing on the Asia-Pacific region shows that ‘most of the
regional countries that are major contributors to scientific literature are
establishing their collaborations elsewhere than with Australia. The regional
countries that have strong links with Australia are relatively minor players in this
field’ (p. 50).
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There is a growing body of evidence that suggests that our Asian trading
neighbours are rapidly overtaking our lead in basic research in IT. Rather than
lose this comparative advantage, Sheehan et al. (1995 p. xvii) suggest that there
may be scope for linkages with foreign industry: ‘Major advantages will
undoubtedly emerge for Australian R&D agencies as the globalisation of R&D
continues and as the level of R&D activity in Asia grows very rapidly. Increased
encouragement to, and incentive for, Australian R&D agencies to export their
services would be appropriate. Capturing even a very modest share of the
burgeoning Asian spending on R&D would have substantial implications for the
nature and character of Australia’s research activity’.

4.5 Funding for IT Research

4.5.1 Public Funding for Research Projects

A major mechanism for research is project funding. It is inevitable that there will
be strong competition between the research fields for such funding. This is
especially true for government funding, where a single body like the Australian
Research Council has responsibility for dividing out funding from a central
budget. The current funding picture for IT research looks pretty bleak as can be
seen from the following indicators:

• IT receives only 6% of the ARC funding for the Large Grants category, the
major underlying research mechanism. In comparison, biological sciences
receive 23%.

• Whilst IT languishes, other long running recipients of government R&D
support continue to receive massive funding. The proportion of CSIRO's
funding that goes into agriculture compared with IT is extremely high. The
CSIRO Operational Plan for 1996-7 (CSIRO 1996) shows that no less than
30% is spent on agricultural areas, and just 5% on IT. (see Figure 4.4).

• Medical research receives independent funding via the NH&MRC. It might be
argued that there is little direct benefit to Australian industry from medical
research that is commensurate with the funding received. However there are
enormous social benefits. Agriculture as a mature and possibly declining
sector cannot return the same results from research as a new dynamic area like
IT. This is in agreement with Mortimer’s comments, (Mortimer 1997, pp.
101-2) about the inequitable situation between sectors and the need to
benchmark success.

• Government support for IT-based Cooperative Research Centres is static at
best. No new IT-related CRCs have been established since 1994, and all IT-
based CRCs are up for review in 1998. So it is likely that the number of IT-
based CRCs will decline from the current figure of 7. In comparison, the
number of CRCs for Agriculture and Rural-based Manufacturing (A&RM)
continues to increase and will reach 18 in 1998. Of CRC funds made available
by the government, 24% are directed to A&RM CRCs compared with only
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13% to IT CRCs. (Figure 4.5). It is interesting to note that these are not
dissimilar to the percentages invested by CSIRO in agriculture compared with
IT.

Figure 4.4  Planned Distribution of Total CSIRO Expenditure by Research Purpose, 1996-1997
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Figure 4.5  Number of CRCs in Agriculture and IT
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4.5.2 Government Infrastructure Funding

As well as project funding, programs are available from the ARC for establishing
and improving infrastructure. IT has not fared well in this regard either.

• In 1996, 17 Special Research Centres were funded. Of these, only one was in
IT, and it received a little over 5% of the total funds of $13 million.

• In 1996, the ARC funded 32 Key Centres for Teaching and Research. Only
two were devoted to IT, again with less than 5% of funding.

• Some 75 Research Infrastructure Grants were dispersed in 1996 under a total
of $3 million for equipment and facilities. None was devoted to IT.

4.5.3 Industry Investment in R&D

Australian information industries invest an estimated $1 billion annually in R&D,
with most of this investment in development rather than pure or experimental
research.

• In 1996, DIST commissioned a report into commercial R&D undertaken by
firms in Australia (DIST 1996a). The report found that firms derive
substantial private benefit from research induced by government programs.
However, firms not only invest less in research than is good for the nation, but
less than is in their own best interests. Economic literature points to private
rates of return on research exceeding that of machinery and equipment, and
yet attracting lower rates of investment by the firm.

IT gets very little
infrastructure
funding.

Industry does
invest in IT R&D
…

… but less than is
in their own
interest …
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• While having improved over the last decade, nevertheless, the ratio of
expenditure on R&D to the value of production in the (IT) segment in
Australia still lags about 25 per cent behind the comparable ratio for all
OECD countries (Charles et al 1997, p. 30).

• Investment by business in research in computer software has been increasing
rapidly in the last decade. By 1992-3 it had increased to over $600 million. So
industry puts a relatively high proportion into IT R&D, compared with other
sectors, defined by socioeconomic objective. Figure 4.6 shows that whilst
manufacturing dominates R&D no other grouping other than IT has any
significant industry investment at all. Indeed nearly a quarter of all Australian
industry R&D resources are devoted to IT (see Figure 4.7). This is probably
attributable to the success of the Partnerships for Development Program,
described in more detail above.

Figure 4.6  Resources devoted to R&D by socioeconomic objectives
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Figure 4.7 Industry resources devoted to R&D

Source: Research & Experimental Development: Business Enterprises ABS No.: 8104.0, 1995-96

4.5.4 Sources of Government Funding

Funding mechanisms for IT research are very fragmented. The Federal
government has three major mechanisms for funding. Appendix 7 provides some
detail of these, but in synopsis they are:

• ARC programs which cover a range of awards and grants from Large Grants
through Research Awards at both postgraduate and postdoctoral level to
infrastructure support for equipment and other facilities. A percentage of the
block grants to universities is earmarked for research activities.

• DIST Programs which include support for the CRCs, the International Science
and Technology programs and the AUSINDUSTRY programs for support of
industrial R&D including Partnerships for Development.

• Tax concessions for R&D which allow eligible taxpayers to deduct qualifying
expenditure incurred on research activities against taxable income at
concessional rates.

There is not only a wide variety of programs for funding research supported by
DEETYA and DIST but also considerable overlap between the various
mechanisms. From Open Forum discussions and case studies, it appears that the
ARC research grants, both large and small, and the Australian Postgraduate
Awards are very familiar to the academic community but this is not the case for
the DIST programs. Industry knows about tax concessions and a little about what
DIST has to offer. Otherwise, funding mechanisms and their relationships are not
well understood by the research community.
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much confusion.
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Concern about the number of statutory and other bodies involved in the
management of Commonwealth-funded science and technology was expressed by
the National Commission of Audit in 1996. They concluded that the system is
inefficient, largely unaccountable and lacking in a clear process for setting
national priorities.

4.6 Outcomes of IT R&D

4.6.1 Research Output

Given such low levels of research funding for IT, how has this transformed itself
into measurable outcomes from IT R&D in recent years. An accepted means of
measuring the strength and resources in primary research is through publication
and citation data.

• Analysis of Institute for Scientific Information (ISI) statistical data on
published papers as a national research output measure shows that at a world
level we have excellence in research into environment, biology and medicine
but not in physical sciences and engineering, the areas closest to IT. The
relative balance of research strengths of different countries is illustrated
graphically in a three-axis graph in Figure 4.8.

Figure 4.8 Relative research strengths
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• The Bureau of Industrial Economics has published valuable information in a
report (Lattimore et al. 1996) that also draws heavily on the ISI database.
Lattimore defines a parameter called the Revealed Comparative Advantage
(RCA) that provides a measure of the importance placed upon a research
discipline by a country. It achieves this by comparing the proportion of
discipline specific research papers with the total output of the country to the
equivalent proportion on world wide figures. The higher the ratio between
local and global, the more successful the discipline. On this score, computer
science rates at 0.7 which is below world average, whereas agricultural
science exceeds 1.8. Further as is seen in Figure 4.9, the RCA for Australian
IT (comput) has changed very little over the past 10 years, and is still one of
the three lowest values of the 20 subjects assessed in the BIE report. In the
diagram, world average is shown by the circle marked ‘1.0’. Notice also that
‘agric’ has increased slightly over the 10-year period and indicates the RCA
for agricultural science is almost twice the world average, about the same as it
was 10 years ago. It might be argued that this analysis simply means that
researchers in agricultural science are better than those in IT. A more realistic
interpretation is that there are more of them since that discipline is receiving a
much larger share of research funds than does IT.

Figure 4.9 Changes in revealed comparative advantage in Australia 1981-5 to 1990-4
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• Another widely accepted measure available for the ISI database is the number
of citations achieved by papers. Citations are references to a paper by other
papers, so citation rates indicate the relative influence of research. The key
concern here is that citation rates per Australian paper in computer science
have decreased in the period 1981- 94, whereas for many other countries,
especially our Asian neighbours, it has increased dramatically (see Figure
4.10). This demonstrates the tangible benefit derived from the massive
investment in IT research undertaken by countries such as Singapore. In
citation impact, computer science ranks only 17th, whereas we are in the top
eight in nine other subjects out of the 20 fields examined.

Figure 4.10  Trend analysis of citations in computer science 1981-84
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Assessment of the outcomes of computer science research funded by the ARC
Large Grants program (Jones et al. 1995) against objective criteria showed good
quality research with 25% judged outstanding, and only 30% judged adequate or
worse. This indicates that there is a pool of individual researchers who, in IT, are
performing world class research in Australia.
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excellent IT
research.
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4.6.2 Artifacts as a Valid Form of IT Research Output

Much of the discussion in this chapter has focussed on the level of funding
received by IT research in comparison with other disciplines and the traditional
research outputs of learned papers. However, IT research is an experimental
activity, and so valid outcomes are artifacts such as algorithms, software, circuit
designs etc. Insufficient notice has been taken of this form of outcome to date,
especially in ARC assessments for Large Grants applications.

The construction of a computer program is a creative act, similar in many respects
to the painting of a work of art or the composition of a musical score. If this
software is "published" in the sense that it is made widely available for other
people to use and they do indeed use it, then it is a very valid form of output. This
type of outcome is especially valuable in scenarios where there is a desire to
speed up the exploitation of research, especially to try to gain maximum benefit
for Australian industry.

4.6.3 Trained Research Professionals

As discussed in Section 3.5.1, perhaps the most important output from pure
research is the educational one of a well-trained research-oriented set of
professionals to provide the innovative skills and knowledge to existing
organisations or to start new high technology companies.

• Australian universities are turning out an utterly insufficient number of IT
PhDs to meet current industrial and academic needs. At the postgraduate
level, only 450 students are enrolled for PhDs and 224 enrolled for Masters by
Research in IT which is only 2.6% out of a national total of 26,000 enrolled
for higher degrees by research. This represents an annual output of only 100
PhDs a year nationally. Of course, PhDs from other disciplines go into IT
R&D and provide the benefit of a trained research mind. However, the
number of IT PhDs is totally inadequate.

• Postdoctoral researchers wishing to remain in academic research in Australia
can experience difficulty in progressing their career, even though there are
fellowships and grants. Waiting in the Wings: A Study of Early Career
Academic Researchers in Australia undertaken by Bazeley et al (1996)
considers the difficulties younger researchers may have in this part of their
career and concludes that:

Ultimately, there arises a conflict between the expressed needs of
the research elite to maintain their positions, to continue to
contribute research ideas, and/or to lead a team of active
researchers, and the desire they express to encourage those who
are early career. Unless significant funding is added to the system
..early career researchers are unlikely to improve their access to
that funding which is available and will continue to feel and
express the frustration that comes from having their potential to
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make a contribution deferred, blocked or dissipated (p. xxi).

• Many Australians go abroad, either for their postgraduate education or at a
postdoctoral level. This may be seen as a major loss to Australia, or as part of
the international nature of research. It is certainly a loss if these people are
leaving out of frustration at the lack of opportunity in Australia compared with
elsewhere. If there is nothing to bring them back after a few years, then the
brain drain is significant, not only in itself, but in the demoralising effect that
it has on those remaining in Australia who supervised them or worked with
them. The Bazeley report on young researchers comments on the difficulties
some graduates have in re-establishing themselves in Australia, if they have
gone abroad to help launch their career. This report stresses the importance in
tracking promising researchers while they are abroad, so they can be re-
employed back in Australia later (Bazeley 1996, p. 22).

4.6.4 Know-How and Tacit Knowledge

The benefit of advanced know-how and problem solving skills should not be
underestimated. Tacit knowledge is that information that is carried within the
minds of individuals and infrastructures of industries. It is that intangible
knowledge and understanding that comes from many years of initiating
endeavours and seeking outcomes. This is now considered to be as important as,
if not more important than, the more traditional codified transfer of knowledge
through publication.

Studies by Turpin et al. (1996) and Garrett-Jones (1995) conclude that:

• Tacit knowledge transfer depends on the local effectiveness of personnel
movement and the existence of formal and informal networks and
communications channels. To map these channels is to map the potential
movement of knowledge…(Garrett-Jones 1995, p. xvi).

• It is clear from the study of the recent literature concerning technology and
knowledge transfer that there is a rediscovery of the critical importance of
human engagement in the process. Yet, while people and their skills are at the
heart of knowledge transfer, the methodologies still tend to be locked in a
'pipeline' view in which scientific creativity is seen to lead, largely through
transfer of codified knowledge, to socioeconomic outcomes (Ibid. p. xvii),
and;

• It seems to be the individual scientist, in particular, who provides the conduit
for these sorts of basic and socioeconomic links (Turpin et al. 1996, p. 105).

• Turpin suggests that it is possible that organisational structures, such as
Cooperative Research Centres, may prove too rigid for nurturing this sort of
capability.
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The tacit transfer of knowledge from the academic researcher to industry has
great, untapped potential. Present informal links already acknowledge the value of
developing these links. However, the vital missing ingredient in Australia is a
proven mechanism that will transfer and disperse that non-physical knowledge
from the researcher or institution out into our industry. In particular, the value of
our outstanding researchers has yet to be exploited. The knowledge they possess
has the potential to assist both the public and private sectors. This potential for
increasing our competence in IT already exists. It is the mechanism to convey this
knowledge across boundaries that is lacking.

4.6.5 Experimental Paradigm for IT Research

The scientific method is characterised as theory, development and observation
followed by research question elicitation, hypotheses development, tools and
experimental methods development, and empirical testing and validation. By this
yardstick, there is almost no single IT research project which has followed these
methods. Current funding levels for research projects in IT have had the effect of
encouraging researchers to target the method of research that will provide quick
returns. Although theory development can be justified as it lays the foundations
for the rest, IT research at present is characterised by efforts in tool development
without theory or validation and even empirical validation without theory. This
has caused methodological fragmentation of the research in IT.

4.7 Research Education

Well-educated and trained people are both an essential input into the IT research
system model and a key output from it. Of course, the need for high levels of skill
and education applies not only to IT R&D but also to all aspects of the
information industry.

• A strong grounding in IT from an early age is well recognised in the
community as vital for all children. A recent report to the NSW State
government recommends that IT should be recognised as a life skills subject
and taught as such at all levels of the education process.

• An ASTEC report (1995a, p. xii) on Australia’s skill base in relation to IT
recognised that the discipline does not attract the highest quality students. It
found that: ‘a highly skilled workforce … can contribute significantly to
Australia’s competitiveness but there is still a failure to recognise these
technologies and services in employment. Although there is demand in
industry for increasingly highly skilled graduates in the area, there is relatively
low demand amongst school leavers seeking to enter university programs
related to the (IT) industries’.
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• Case studies carried out on industry indicate that ‘undertaking research for the
sake of research, that is, basic research, is really about training people’ (Woo
1997). The McKinsey Report (1997) finds that, although our need for IT skills
is significant now, the future challenge will be to meet the growing demand
for software engineers and computer scientists.

• Within the universities, there is no consensus about how best to organise the
discipline of IT. It often appears in the Faculty of Engineering with parts in
the Faculty of Commerce or Science and has many departments. There is no
such confusion for a student interested in studying law or medicine! This lack
of visibility cannot help the cause of generating more top flight IT graduates.
DEETYA statistics for 1996 show that the total enrolment in all IT courses is
18,000 which is 4% of the total number of undergraduate students.

• As stated in Section 4.6.3, very few students are progressing through to the
postgraduate level with only 2.6% out of a national total of 26,000 enrolled
for higher degrees by research. This low percentage reinforces the view that,
in general, top flight students are not being attracted into IT.

4.8 Modelling Australian IT Research as a System

The report now reviews the state of Australian IT research using the System
Model introduced in Chapter 3 (Figure 3.1). In the model, the contexts within
which research operates are:

• Inputs

• Controls

• Mechanisms

• Outputs

• Stakeholders

The model can be used to focus attention on the five fundamental questions posed
in Section 3.1 in an Australian context.

4.8.1 Importance of the Stakeholders

Are the stakeholders for IT research those defined in Chapter 3?

• The IT industry: The IT industry is now a major employer and exporter,
being much bigger than most other industry sectors;

• Other industries and business sectors: other major Australian industries
including primary production all depend on IT to drive new business support
methods;

• Other research disciplines: the older established disciplines in which
Australia is has been successful such as medicine, agricultural sciences etc, all
need IT research as an enabling mechanism;
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• The community: the community in Australia is a stakeholder because it funds
research through its taxes, and because of the power of IT to be a major
creator of employment;

• The government: the government is a funding stakeholder, especially in
public interest research. It can also be an early adopter.

There is no doubt that these are the Australian stakeholders for IT research and
that they are important.

4.8.2 Importance of Australian IT Research to the
Stakeholders

• The IT industry: if Australia is to have an IT industry, then it is concluded
that local IT research is key from following the arguments in Chapter 3. There
must be close collaboration between industry and academia perhaps with
government science facilities such as CSIRO acting as intermediaries;

• Other industries and business sectors: other major Australian industries
such as agriculture, mining, finance, education, all depend on a close
connection with IT research because they need to keep innovating rapidly to
raise their productivity in order to be globally competitive;

• Other research disciplines: the disciplines in which Australia has a proud
record - medicine, agricultural sciences - all need new analytical tools to
speed their processes and model new hypotheses on computers;

• The community: Australia needs the fruits of IT research for cohesion, to
improve communications, to empower people in remote areas, and because of
the employment potential of IT;

• The government: the governments of Australia need better communication
with the population as well as better tools for forecasting and modelling a
variety of phenomena. They have the responsibility to undertake research in
the national interest, where commercial interests will not invest.

IT research conducted in Australia is key to all stakeholders. The speed of
technical change demands close interaction and the arguments presented in
Section 3.5 apply.

4.8.3 Funding Mechanisms used by the Stakeholders and
Return on Investment

• Other reports quoted in Chapter 3 have shown that high technology sectors
such as IT require high investment but deliver high returns in export and
employment.

• The overall level of Australian government research spending is relatively
high. Priority setting is needed for existing funds to be spent more effectively
but more investment is also required.

The stakeholders
are important …

… and IT
research in
Australia is vital
to them.
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• IT industry in Australia spends less on R&D than our competitors, even
though the amount has increased in the past 10 years and is much more than in
other industry sectors.

• Government research funding is fragmented with some duplication of
mechanisms.

• We do not have adequate IT research infrastructure.

Some mechanisms are in place, but there are glaring weaknesses and there is a
strong need to divert resources to priority areas such as IT.

4.8.4 Condition of the Inputs

• People: Australia is not producing enough top quality IT graduates to meet
current demands for research or industry, much less any increase in activity.
Many highly trained people are going abroad in despair because of the lack of
research funds.

• Knowledge: There are not enough experienced high quality researchers in IT
to provide the tacit knowledge and experience needed for interaction with
industry or to provide the personal research network links.

• Ideas: More interaction with industry is needed to generate more ideas in a
technologically intensive discipline like IT. More IT research could be
conducted in a multidisciplinary environment, such as a CRC with some other
industry sector focus.

The conclusion is that there is major cause for concern about the state of the
inputs. Turning this around requires a long term focus, revolving around
educational strategies. This could include retraining professionals from other
disciplines to leverage expertise in research skills.

4.8.5 The Controls

• Government: there are signs that the government is aware of the challenge
and the problems for the IT industry. It is hoped that this report will connect
this awareness with the requirement to invest more in IT research. The state of
inputs and the existing mechanisms means there is a need for vision and a
long term approach, which it is hoped will be forthcoming. Changes to
priorities will need political will as the disciplines and their supporters
currently receiving a larger percentage of research funds struggle to retain that
share.

• Industry: Much of the Australian IT industry will not adopt an innovative
focus and will rely on being early implementors. The financial climate for
start-up companies is not good, and the MNCs who dominate the industry do
not see benefit in investing in Australia.

Some mechanisms
need reviewing …

… but unless the
inputs are
improved,
increasing IT
research
substantially is
not practical.
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• Academic Institutions: many universities have yet to see IT as a coherent
discipline. It is vital to be able to provide a climate that really awards
academics who are involved in some way with industry. This is not the case in
most institutions. There may not be enough resources to allow effective
interaction with industry.

• Cultural Constraints: Amongst the public in general, IT is not seen as a
profession to rival that of law or medicine. All research is eventually limited
by the quality of the researchers. There is still an element of ‘technological
cringe’ that stops people from buying leading edge Australian products.

The controls in Australia will certainly inhibit the success of investment in IT
research until they are changed.

4.9 Key Observations

• IT is a major industry in Australia that is increasingly becoming a vital
component of our overseas trade.

• IT exports are presently less than half of what they should be. Therefore we
have to lift our game in IT research to support the industry.

• Other industry sectors also need a strong local IT research capability.

• IT research in Australia is relatively weaker than in other disciplines.

• Funding mechanisms for IT research are presently inefficient, uncoordinated
and fragmented.

• Demand for researchers in the IT industry is increasing but not enough high
quality students are available to meet the needs of industry research.

• The IT research and education system is not geared to meet current or future
needs.

• A long-standing culture for linkages between public and private sector
research in IT does not exist in this country.

The controls also
need addressing.
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5

 The Way Forward

Synopsis

Recommendations to provide a strategic direction for IT research are given
covering four areas: government public interest research, IT industry R&D, IT
research education and a national focus on IT. Key recommendations include:
considerable increase in IT research funding as part of setting national priorities
for government-funded research, a more facilitative model to be adopted to help
SMEs gain access to know-how and research expertise, encouragement for more
high-calibre students to study IT in university to supply many more high quality
graduates and PhDs, and a Minister for Information Industries to provide a higher
profile and more focus.

5.1 Introduction

The overarching objective of this report is:

To provide a strategy to develop Australia's IT research infrastructure, know-how,
skills and intellectual property. These will provide the essential innovative
foundations to underpin Australia's growth as a serious player in the world
information industries marketplace.

In order to reach this objective, the aims of the report are to make
recommendations that will:

• create more effective and efficient funding mechanisms to support IT research
in Australia;

• substantially improve our pool of well-trained IT researchers and other IT
professionals, principally through the quality of our educational and training
facilities, and, where appropriate, to encourage the highest quality of IT
researchers from other countries to work in Australia;

• develop an infrastructure to support ongoing collaborative and
multidisciplinary R&D in IT;

• increase the nation's capability to perform world class research in IT to be able
to collaborate effectively with other countries;

• create a culture whereby commitment to IT research is considered to be vital
to the future wellbeing of Australia.

The report's aims
and objectives
are defined, …
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Focussing on university and government science research and industry R&D and
using the conclusions from the importance of IT research made in Section 3.7, we
assert that:

• A strong IT industry is a key part of Australia’s future as a prosperous nation.

• We cannot have a major increase in the Australian IT industry without a large
and effective research program in Australia.

• Government funding is currently the only way to increase IT public research
spending.

• We cannot undertake research without well-educated research personnel who
have an outcome-oriented focus.

• We need a much more effective public research culture, especially where on
the one hand it enables technology transfer to industry and on the other
provides a demand pull from industry.

From the analysis of the current situation in Chapter 4, Australia has some
strengths to build on in IT, but also some weaknesses. We have:

• some very good individual researchers;

• some competent research groups gathered around some of these outstanding
researchers, but usually without a critical mass;

• insufficient top quality students coming into IT at the undergraduate level, and
even fewer going on to undertake postgraduate research studies;

• a lack of ability by local companies to take advantage of research and
expertise from the public sector to enhance the innovation in their products;

• a lack of effective interaction between industry and academia;

• a research focus on the discipline areas we have always been good at, rather
than those that lead to future socioeconomic benefits;

• in CSIRO, an organisation that is only now moving to a rational means of
determining priorities rather than continuing to pump money into rural R&D;

• a fragmented government policy and a lack of vision;

• a general lack of resources to adequately support academic research in IT.

How to rectify this? In the following sections, the report introduces and proposes
a series of recommendations to build on the strengths and overcome the

... some
assertions about
needs are given,
…

… strengths and
weaknesses in the
current situation
are described, …

… and
recommendations
made.
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weaknesses in IT research. These sections are structured to cover the four major
ways of improving the situation:

• Australian Government Research

• Australian Industrial IT R&D

• Australian IT Research Education

• A National Focus on Information Technology

5.2 Australian Government Funded Research

The major source of funding for longer term research in Australia comes from the
ARC, with separate funding going to the Institute for Advanced Studies located at
the Australian National University in Canberra. As seen in Section 3.6.1, the
history of US government intervention in IT research has been very beneficial in
the creation and growth of the IT industry, and it is vital that the Australian
Federal Government recognises the importance of this support.

5.2.1 Rationalisation and Prioritisation of Funding Programs

There is no coherent picture of what constitutes priority areas for research.
Australia cannot continue to allocate research funds purely on the basis of what
we are already good at. This is not a question of picking winners. It is about
establishing disciplinary priorities on the basis of expected economic and social
returns as discussed in Section 3.5.2.

Section 4.5 discussed the problem of fragmentation of responsibility for
government funding of research. Although some coordination was found between
departments funding research in IT, the diversity of mechanisms across various
departments is difficult to either readily comprehend or effectively coordinate.

These two issues of priority and rationalisation provide the rationale for
Recommendation 1.

Recommendation 1

q In order to provide coordinated and focussed research programs aimed at
disciplines that are most important for Australia’s future prosperity, the
Federal Government must establish a national priority setting process for
Australian research. Government research programs must also rationalise
their funding mechanisms for research to avoid duplication. To this end the
Federal Government must ensure that:

a. all Government funding bodies and research agencies have a priority
setting process, similar to that introduced by CSIRO;

Government
funding is vital as
shown by foreign
experience …

… but research
priorities need to
be set to meet
national
objectives …

… and
rationalisation is
needed.
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b. all Government funding bodies and research agencies should ensure that
mechanisms for research are rationalised.

5.2.2 Processing of Large ARC Grants for IT

Many academics who attended the Open Forums that formed an important input
into this report voiced their concerns about the low visibility of IT within the
ARC Large Grants structure. In addition, the multidisciplinary nature of
Information Systems often caused applications to be placed in the "too hard"
basket, being neither engineering nor social sciences.

The ARC Large Grants scheme is outlined in Appendix 7. Data obtained from the
ARC indicated that of the 3000 applications for large grants in 1996, about 10%
were related to IT in one way or another. Further about 90% of the applications
handled by current sub-panel A4 were directly in the areas covered by IT. This
strongly suggests that the number of IT-related applications is large enough to
warrant the discipline having its own sub-panel:

Recommendation 2

q In view of the economic significance of IT and the size of the IT research
sector, the ARC should clearly identify this category in its assessment panel
structure and make the following changes:

a. the names of the A4 sub-panel should be changed from Engineering 1 to
Information Technology and the A8 sub-panel from Engineering 2 to
Engineering;

b. the new Information Technology sub-panel should assess all applications
in the IT discipline including Computer Science, Computer Engineering,
Software Engineering, Digital Communications and Information
Systems;

c. the new Information Technology sub-panel should be augmented with
the appropriate research expertise in the Information Systems area.

5.2.3 Issues for Improvement in Large ARC Grants for IT

A number of other long running issues, which have been commented on in earlier
reports, re-emerged at the Open Forums. These concerned: peer review,
acceptance of artifacts such as programs as valid research outcomes, the treatment
of young researchers, and the importance of extending the formal experimental
paradigm for IT research:

• Large ARC Grants are awarded on the basis of peer review which takes into
account the number and quality of published papers. The support for peer
review is strong and was confirmed in the recent report by Wood (1997). She
states that:

IT needs a higher
visibility in the
ARC …

… and so it needs
its own discipline
sub-panel.

Some procedures
need to be
improved in the
process for
awarding large
ARC grants.
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Despite the many criticisms directed at peer review, the principle of
securing expert peer advice regarding the merit of research proposals still
retains the support of the research community. The source of contention
is not the peer review itself but rather the way it is incorporated into the
operations of research funding bodies (p. xiii).

• The Wood report also states that the quality of reviews has been criticised. Of
the particular problems, a ‘lack of sufficient familiarity of referees with the
research area’ is cited (p. 21). According to Kostoff (1994, p. 31-40), ‘Two
dimensions of competence that should be considered for research review are
the individual reviewer's competence for the subject area, and the competence
of the review group as a body to cover the different facets of research issues’.
He goes on to say: ‘Thus it is likely that those funding bodies who review the
reviewers can ensure greater conformity in the standard of review’.

• IT differs from most other disciplines in that it can have research outputs other
than learned papers, in particular, computer software as discussed in Section
4.3.2 and so due consideration should be given to this during the peer review
process.

• Young researchers have great difficulty in obtaining Large Grants as
discussed in Section 4.6.3. This has been highlighted in earlier reports (Jones
et al. 1995), (Bazeley et al. 1997), as well as being of common concern among
attendees at the Open Forums. One major reason is the emphasis on a research
track record rather than on research potential. This is an area of support that
needs attention.

• Current funding levels for research projects in IT have had the effect of
encouraging researchers to target the method of research that will provide
quick returns. This has caused methodological fragmentation of research in
IT, as discussed in Section 4.6.5. Funding to allow for a program of research
in which new theory can be developed or tested in response to needs will
require amounts larger than the current ARC Large Grant average and will
need to be certain for longer periods of time. It is suggested that if Australia is
to be a player in IT research, some longer term projects, firmly based in
accepted scientific methods, will need to be funded.

The proposals for improvement to the Large Grants scheme to address
these issues are given in Recommendation 3.

Recommendation 3

q In recognition of the nature of IT research, the ARC should consider the
following changes to the implementation of their Large Grants Program:

a. evaluation of research proposals in IT should take into account other
research contributions besides published papers;

b. assessors of grant applications should indicate on the assessment form
their confidence level for assessing the application;

There are some
concerns about
aspects of peer
review, …
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c. the ARC should implement the recommendations of the Bazeley Report
to address the problems faced by young researchers in obtaining funding
support for their work;

d. because IT is an experimental discipline, the ARC should establish
mechanisms to fund experimental IT research programs based upon
recognised scientific principles and these programs should be extensible
for a period of up to 5 years.

5.2.4 International Interactions in IT Research

If Australia is to lift its strategic investment in IT research, it cannot do so in
isolation. This means more than just obtaining access to the international literature
and attending conferences. It means fostering a wide range of means of
interaction, both formal and informal. The current situation is discussed in more
detail in Section 4.4.4. The key points are:

• The worldwide economic impact of IT and the enormous scale of activity and
investment in IT research in USA, Europe and Asia have resulted in IT
becoming an extremely rapidly changing and highly diverse discipline. The
ARC has recently recognised this problem for Australian research in general
and now encourages ARC Large Grant applications which have a joint
overseas chief investigator. This is an important initiative. However the
situation is particularly severe for IT and more needs to be done.

• Open Forum discussions reinforced the need to seek international
collaboration to exchange tacit knowledge and transfer it to national
researchers and industry. This form of collaboration develops long-term
networks so necessary to gaining competitive advantage in both our research
and industrial output. Case studies (see Section 4.4.4) have disclosed that
these interactions may be invaluable not only for purposes of research but also
to develop an understanding of international market structure and demand.

• Australian research can benefit greatly from coordinated short-term visits by
internationally renowned researchers. This could be carried out under a
Distinguished Visitor Program whereby overseas researchers are invited to
visit Australia for a few weeks to give a series of lectures on their areas of
expertise in the major research centres around the country. The professional
associations such as ACS and IEAust could sponsor such visits.

• In order to establish international links at an early stage in their careers, it
would be beneficial for some postgraduate students to have the opportunity to
spend periods of up to 6 months in the world’s top international IT research
facilities. A similar recommendation was contained in the ASTEC Report on
Australian IT skills base (ASTEC 1995a, p. 110).

The conclusions drawn from these findings drive the following
recommendation on strengthening the international focus of Australian
research in IT.

There is a need to
foster
international
interactions …
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transfer tacit
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a period.
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Recommendation 4

q IT research needs to be conducted in a global context, and this together with
Australia’s geographical position means that the focus on the importance of
international research collaboration in IT must be increased. Government
bodies should foster international collaboration in the following ways:

a. DIST and DEETYA should establish an integrated funding mechanism
to increase the collaboration between Australian researchers and
international research groups;

b. ARC should fund specific grants to allow Australian postgraduate
students to spend a short time in an internationally recognised IT
research facility;

c. IT professional associations in conjunction with DIST and DEETYA
should establish a "Distinguished Visitor" program in the IT discipline.

5.2.5 Support for Improved Infrastructure

With the convergence of computing and communications, it is impossible to make
progress in key research without the development of significant nationally
available IT infrastructure. Such infrastructure is also required if we are to
participate in any of the projects currently underway in which international
standards are being set by international research consortia. Our participation is
vital if Australian industry is to have the necessary know-how to compete in these
areas which seem certain to dominate industry and commerce over the next 25
years. This report supports the recommendation in the Information Industries
Taskforce (Goldsworthy et al. 1997, p. 93), that the following infrastructure
projects need strong Australian government investment:

• participation in demonstrations of advanced IT applications on international
broadband communication networks;

• development of an Australian Spatial Data Infrastructure to allow
organisations to produce and exchange geographically referenced data;

• participation in the Intelligent Manufacturing Systems Program, which is
developing a framework for international collaborative R&D in advanced
manufacturing;

• enhancement to the High Speed Computing Program to make the highest level
of computation, modelling and visualisation expertise available in Australia.

This report makes the following recommendation for the development of key IT
research infrastructure and participation in international research consortia.

National IT
infrastructure is
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Recommendation 5

q IT research is an engineering activity and requires significant levels of
infrastructure support. In addition, a number of international IT research
consortia are setting standards for information services, electronic commerce,
and advanced manufacturing well into the next century.

It is essential that Australian research organisations and industry participate
in these consortia to allow our industry to build competitive products and
services on this infrastructure. The Federal Government must invest in IT
infrastructure and fund participation in these consortia. Areas of particular
importance are:

• International broadband communication networks and next generation
Internets;

• Geographical and Spatial Databases;

• Intelligent Manufacturing Systems;

• High Performance Computing and Communications.

5.3 Australian Industrial IT R&D

The process of obtaining economic benefit from innovation is a complex one,
requiring a complete lifecycle approach which cannot be left to either industry,
universities or government science alone. In this section, the report focuses on
what can be done to increase industrial investment in R&D. The Report has
consistently referred to “Research” to mean longer term or pure research, and to
“R&D” or “Research and Development” to mean more tactical or shorter term
applied research or innovation. IT being a technologically-based and rapidly
moving area, these definitions are not the exclusive domain of any player.
Nevertheless, it is inevitable that industry will tend to undertake more short-term
commercially focussed innovation activities, whilst universities and government
science laboratories will undertake longer term work that is also seen to be in the
public interest.

Increasing
industry
investment in IT
R&D requires a
range of
initiatives.
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Other reports, notably Mortimer (1997) and Goldsworthy et al. (1997) have
focussed on the need to establish a financial climate that is conducive to
investment in innovation, including changes to the tax regime to encourage the
growth of local industry. It is recognised that this is a key component in
addressing the low levels of investment. However, this report focuses on
interaction with academia and the role of government R&D schemes to encourage
research.

5.3.1 IT-related Cooperative Research Centres

The CRC program is now seen as a key component in the government strategy to
lift the current low level of R&D in Australian industry. The linking between
universities, research organisations and industry provides opportunities for
commercialisation of new research and a refocusing of some basic research into
industrially relevant problems, thus supporting Australia's industrial base and a
culture shift in both universities and industry.

It is vitally important to increase the number of IT-related CRCs. In 1997, one of
the remaining seven IT-related CRCs will be closed at the end of its current
program; the rest will be reviewed in 1998. This would present an excellent
opportunity for DIST to identify areas of IT as priorities for the allocation of CRC
grants. DIST should also consider awarding larger grants to IT CRCs and to
facilitating cooperation between IT-related and other CRCs.

The concerns raised in Section 4.4.2 about the applicability of the CRC structure
to the IT sector, especially with respect to its project rigidity, suggest that some
structural changes may need to be made to the scheme, to better accommodate IT.

Recommendation 6

q In recognition of the importance of IT research for all industry sectors and the
structure of the IT industry in Australia with very few large locally owned
companies, for the next round of CRC funding, the Minister for Industry,
Science and Tourism should ensure that:

a. IT is a priority area consistent with national priorities and that
25% of the funding for all CRCs should be based on the IT
discipline;

b. mechanisms are examined to increase the flexibility of CRCs to
strengthen their applicability to IT.

5.3.2 Support for SMEs

The structure of Australian IT industry was discussed in Section 4.1. Apart from
the services sector, nearly all Australian IT companies are very small. The major
R&D requirement for such companies is likely to be access to know-how and the
tacit knowledge that comes from research activities. SMEs need to obtain flexible
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assistance to facilitate their work, probably in a one-on-one situation. This model
has been applied successfully in other countries (see Appendix 6 for example).

Another area where SMEs require help is in the provision of testing facilities and
standards conformance. Large well-established companies have dedicated
resources to provide this capability in-house, and have an existing customer base
which can effectively conduct the final phase of so-called Beta testing before full
commercial release. This is not possible for small start-up companies because
they have neither the resources nor the customer base.

It is suggested that structures of the form outlined above will be of the greatest
technical assistance to SMEs.

Recommendation 7

q In order to make small-to-medium business enterprises (SMEs) more
competitive in the fast moving and highly innovative IT marketplace, the
following initiatives should be taken:

a. DOCA and DEETYA should investigate and establish additional
mechanisms for facilitating research interaction between universities,
research organisations and the IT industry;

b. mechanisms should be established to provide sponsorship and
coordination of testing and conformance facilities for SMEs.

5.3.3 Encouraging MNCs to establish Regional Headquarters
in Australia

The governments of our Asian neighbours are enthusiastically promoting the
establishment of regional R&D headquarters for multinational corporations with a
range of incentives. The well-known Australian lifestyle is not of itself a
sufficient reason to encourage such investment here. Though there are already
incentives in place at a Federal and State level, it is believed that these must be
encouraged more strongly.

Recommendation 8

q To increase the profile and strength of industrial R&D in Australia, and to
provide significant new employment and investment opportunities:

the Federal and State Governments should strengthen
investment and facilitation mechanisms for multinational
companies to conduct IT R&D in Australia.
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5.3.4 Industrial Experience for IT Academics

One of the issues which is frequently raised is the perceived advantages of
academic staff spending periods of time working in the industry. Clearly there is
some considerable advantage in academics broadening their outlook and gaining a
better appreciation of the manner in which the industry operates. However, in
terms of benefits for IT research, this would be valuable only if the research
talents of the academic staff could be appropriately employed while they were
working at the company, or if they obtained new research concepts and ideas from
the experience. Given the current state of the Australian IT industry, there is only
a limited number of companies who are conducting R&D at a significant level
and who would therefore be in a position to provide these opportunities to
academic staff on a full-time basis.

Other countries have developed a variety of strategies to encourage the interaction
between academic researchers and industry. For example, in the USA, most IT
academics are only paid for nine months to teach for two terms. In the summer
term, they must take one month vacation but the other two months can be spent in
a variety of ways. One way is to teach additional courses (for which they are
paid), another is to pay themselves from their research grants so that they can
continue their research projects while a third is to work for a company for the
period. It is also hoped that IT academics in Australia who are willing to work in
industry for short periods should be able to do so without administrative
impediments and without jeopardising their prospects for promotion. These issues
might be considered by the West Committee.

5.3.5 Research Training for Industry

As industry-based research increases, there will be a need for
corporations to provide research training and experience for some of
their existing key IT staff. Enrolment in a postgraduate degree may well
be inappropriate for such people, whereas an apprenticeship or diploma
approach would seem more appropriate. Staff from industry could be
brought into a research institution for a period of, say, one year and be
enrolled in some advanced subjects, and study research techniques. They
would also work with an established research group in an area related to
their existing expertise and, where appropriate, give seminars. Such a
scheme would need funding both for the company and for the research
institution to compensate for the costs involved in supporting the
industry staff.

The benefits to IT research to be gained from these exchanges between
industry and the tertiary sector form the basis for Recommendation 9.
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Recommendation 9

q In order to strengthen ties between the tertiary sector and industry, and to
encourage a closer interaction, the process of staff exchanges between
industry and the tertiary sector should be actively encouraged by the
following initiatives:

a. Australian universities should allow academics from IT
departments to spend time working in industry and such
activities should be taken into consideration when criteria for
promotion are being evaluated;

b. the Federal Government should establish a scheme to facilitate
industry personnel placement in an appropriately organised
university department for a period of up to one year duration.

5.3.6 Industry / Academic Information Exchange

The interaction between industry and research organisations is very different in
other countries from what it is in Australia. In the United States, many prestigious
university departments operate programs in which local companies pay
substantial fees to attend seminars and tutorials on a regular basis and be given
access to the latest research results.

In Australia, there is not a close association between industry and academia in IT.
Much of industry does not seem interested in the research that is being carried out
in the universities since there was in general a lack of response to requests to
industry for information for this report. This may be due to the large number of
requests for information with which companies have been bombarded from
various studies over the past few years. It is probably also due to the industry
structure in Australia that has been discussed in Section 4.1, and to the low levels
of IT research funding discussed in Section 4.5.4.

To make Australian industry more interested in local IT research may require a
major change in commercial and cultural attitudes. Nevertheless it is vital to make
a start and Government has an important role to play in initiating such changes.
For example, the ARC should maintain a database on the Web which lists all the
projects being supported including a regular update about how they are
progressing. A research skills base would also be invaluable, given the
importance of know-how.

Of course, researchers must carry the major responsibility for promulgating their
work to a wider audience than just to other academics. They must ensure that the
results of their endeavours are readily available to industry in an outcome and
application-oriented form. At the very minimum, they should maintain Web pages
which are regularly updated to report progress. The distributed nature of the Web
means that this type of information can be linked to form a central reference
source.
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Recommendation 10

q To improve the flow of information about the strengths in Australian IT
research to industry, both Government and individual research groups must
establish easily accessible mechanisms to allow industry to access
information about the capabilities and achievements of Australian IT research
groups in an ongoing way. This should include:

a. a distributed World Wide Web-based registry of current
research capabilities and activities;

b. structured industry forums and workshops.

Another means of improving communication between industry and the research
community is through the government advisory committees for the information
industries. It is hoped that the recent flurry of IT industry strategy reports will
result in an increase in government activity, so that the work of the relevant
advisory committees will become more important. An input from a research
perspective will provide a balance for the committee.

Recommendation 11

q The Minister responsible for government IT programs should ensure that the
Australian IT research community is represented on Government advisory
committees for the information industries to provide an Australian research
perspective to their deliberations. Such representatives should be nominated
by that community.

5.4 Australian IT Research Education

The number of well-trained IT professionals with a research background is very
likely to be the factor limiting any expansion in IT industry R&D and hence the
expansion of the industry as a whole. Our competitors in the region have already
put considerable resources into this area. It is not something that can be achieved
as easily as turning on a tap and must be seen as a longer term strategy.

5.4.1 Attracting the Best Students

If the number of research-trained graduates in IT produced by Australian
universities is to be increased or even maintained, we must ensure that we attract
the best students into undergraduate IT courses. Unfortunately all too often, the
school leavers with the highest TER scores are attracted into Medicine and Law
because of the better financial rewards later in life and the high status accorded
these professions by our society, or to the physical sciences because of the
intellectual stimulation provided in the courses at the secondary level.

The research
community should
have direct input
into the Industry
Advisory
Committees.

We cannot
expand IT R&D
without more
researchers …

… but to achieve
this we must get
more top students
into IT at
university …
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Most secondary level IT courses are aimed at the average student. One approach
to this problem would be to introduce a more intellectually challenging IT course
at the secondary level with more advanced equipment. This may be impractical at
present, largely because of the lack of suitably trained teachers. Another approach
is to provide incentives for top students to enter IT courses. Given that students
are having to pay for more and more of their own education, the provision of
scholarships by universities and industry could help to tip the balance.

Recommendation 12

q Better academically qualified students must be attracted into the IT discipline
at the tertiary level if more high calibre researchers are to be trained. This
process must be started in primary and secondary education. To achieve this:

a. DEETYA and the relevant State Government Departments in
conjunction with universities must establish procedures and
incentives which encourage more high achieving school leavers
to enter IT courses at the tertiary level.

b. State Governments should examine the quality of IT education
at the primary and secondary level with a view to implementing
world best practice in terms of the IT curriculum and teacher
competence.

5.4.2 Relationship between IT Disciplines

Research training in Australia across the IT sub-disciplines is carried out in some
40 universities with not all areas covered at all institutions and with the bulk of
ARC Large Grant and PhD level activity carried out in the older universities,
apart from a few notable exceptions. Currently no institution has yet gathered all
the IT sub-disciplines into one combined school or faculty although this is likely
to happen soon.

While it is quite natural to find certain transient difficulties in establishing the
boundaries of an emerging and rapidly expanding area like IT, the situation needs
to be resolved. This is a role that the professional bodies can fulfil as they do in
other countries. It is critically important that the Institution of Engineers,
Australia (IEAust) and the Australian Computer Society (ACS) work closely
together to establish guidelines and an efficient accreditation framework for
degree programs in the IT area. This aspect is covered by Recommendation 14 in
Section 5.4.3.

As new disciplines emerge, the positioning of the corresponding departments
usually depends on the location of the individuals who are striving to have the
new department created. However now that IT is a more mature discipline,
universities should give IT a much higher profile than is the case in many
institutions today. This must also reflect the convergence between computing and
communications.

… and this
process must start
in school.

IT is not handled
consistently
across
universities …

… and this
situation must be
rectified …

….. because the
IT discipline is
now mature.
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Recommendation 13

q In order to reflect the increasing consolidation of the IT discipline, Australian
universities should take steps to establish an appropriate organisational
structure at departmental level which reflects the convergence of the
components of the IT discipline.

5.4.3 Professional Associations

The IT industry is effectively represented by two main professional associations.
These are the Australian Computer Society and the Institution for Engineers,
Australia. There is currently little cooperation between the two societies and, in
total, only a small percentage of the IT research industry belongs to either. In the
United Kingdom, the equivalent associations have a joint agreement and
membership of one provides automatic membership of the other. This provides a
united front for the industry and has resulted in many benefits for members. As
commented above, they have a strong informational role to play.

Recommendation 14

q To increase the cohesion of the IT discipline, the Australian Computer
Society and the Institution of Engineers, Australia should develop a close
working relationship at the national level, particularly in the areas of IT
course accreditation, membership rights and promotion of the IT discipline.

5.4.4 Funding Parity

In 1989, the Department of Employment, Education and Training developed a
new model for funding tertiary institutions. This was called the Relative Funding
Model (RFM) and provided weights for funding for students at different levels.
Disciplines were organised into five clusters, each with a distinct set of weights.
Computing was placed in cluster 3, along with Nursing, the Built Environment,
and Visual and Performing Arts, whereas Sciences and Engineering were in
cluster 4.

One of the results of this decision was that students in computing courses are
funded with weights of 2.0 for research postgraduate courses, whereas students in
science and engineering are funded with a weight of 4.7. In other words
postgraduate research students in Science and Engineering are funded at more
than twice the level of those in IT courses. This is totally illogical given the costs
of providing equipment for students in computing.

The RFM has not been revisited by DEETYA since 1989. However, in 1992,
DEETYA conducted a review of Computing Studies and Information Sciences
Education. Recommendation R6.11 from the above review stated that 'Computer
Science should be funded at levels at least equivalent to those applicable to the
laboratory-based physical sciences and electronic engineering'. Several

The two main IT
professional
associations need
to collaborate
more closely to
better represent
the industry.

IT requires
funding parity
with experimental
science at
universities.
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universities have accepted this recommendation and have changed their internal
funding model accordingly.

Nothing has changed overall since 1992 and we reiterate the same
recommendation.

Recommendation 15

q The laboratory, equipment, software and technical infrastructure needs of IT
have not been recognised because the discipline has been misclassified.
Government and Higher Education institutions should reclassify the IT
discipline to reflect funding levels that are at least equivalent to those
applicable to the laboratory-based physical sciences and electronic
engineering.

5.5 National Focus on Information Technology

The previous sections in this chapter have looked at the means of improving the
research base in IT through public research, industry R&D and research
education. There is however a big hill to climb to change the national perceptions
about IT itself, both as the driver to provide benefits in both economic and social
terms and as a satisfying professional career. It may take some time to achieve
this, because of the technology phobia felt by those who have not had any
knowing exposure to IT as children. However, many young adults who have had
some exposure at some time have found the pace of change in the past 5 years to
be daunting. Indeed for the many whose working lives involve daily exposure to
office computing, the ongoing changes can be threatening as more and more jobs
appear to be at risk from the ‘benefits’ of IT-based automation. The positive part
of the story needs to be made clearer, namely, that new jobs can be generated
from IT.

5.5.1 Ministerial Responsibility

The near universal view of the importance of the information industries to
Australia’s commercial future shows that this sector requires a much higher
profile than it has been given in government in the past. In addition, the pervasive
role of IT as an enabling mechanism is seen in its influence across all sectors of
the economy, not least of which is its ability to create employment. A single
ministry can provide a higher profile.

International trends are towards the appointment of ministers with specific
responsibility for the information industries as a very effective means of focussing
on these industries as a major force for economic growth and prosperity, as
described in Chapter 2. As we saw in Chapter 4, some of the state parliaments
have increased the profile of  IT or particular aspects of it, by making ministerial
appointments. We need to learn from international experience, since we are
behind the marketplace in IT development.

National
perceptions need
to change and be
focussed on IT …

… and the
industry is
important enough
to have its own
Ministry ...

… as has been
done elsewhere.
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There is great confusion about government policy and lack of vision and about the
fragmentation of industry support (Mortimer 1997). There is also considerable
fragmentation of federal research funding, both for industry and for government
organisations,. This is described in Chapter 4; this was also a recurring theme
from the submissions made to the working party. One reason for the
fragmentation of Federal Government support is that responsibility is spread
between several departments.

Recommendation 16

q The development of strong local information industries to provide ongoing
employment opportunities for the benefit of all Australians is vital. This can
only be achieved through the development by the Federal Government of a
broad, coherent strategy covering all industry, commerce, education and
research sectors. In recognition of this, Federal Government portfolio
responsibilities for the information industries covering telecommunications,
information technology and the media should be brought under one minister.

5.5.2 Forums on the Strategic Importance of IT

Because IT is changing our society in many different ways, Government must not
only keep itself aware of these changes and their impact on the populace but also
ensure that people themselves are aware of how their lives will be changed by the
new technologies. Other countries have been very active in sponsoring forums
and commissioning reports on the impact of IT on their societies.

In the USA, a forum America In The Age Of Information was sponsored by the
Committee on Information and Communications (CIC) of the National Science
and Technology Council (NSTC). CIC convened a two-day workshop in July
1995 to bring together researchers from academia and industry, the federal
national laboratories and science centres, Federal Government program managers,
and science and technology policy makers. The objective was to provide
community comment on the Committee's Strategic Implementation Plan for IT.

From this forum, the report Strategic Planning Document – America in the Age of
Information (NSTC 1995b) was produced. This report underscores the immense
significance of IT to the US and the value placed upon the discipline by that
country.

Professional and industry organisations such as the Australian Computer Society
(ACS) and the Australian Information Industries Association (AIIA) have a very
important role to play in promoting and publicising Australia’s capabilities in IT
R&D. The IT-related CRCs should also be actively involved in this process since
in the long term some will become research-oriented companies marketing
products and services.

This may give us
a better vision of
the future.

There needs to be
a drive to
establish a series
of IT forums …

… as in America.

The professional
and industry
organisations
have a role to
play in this
activity.
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Recommendation 17

q Initiatives should be taken to raise awareness of emerging IT issues and
directions in industry, commerce, government and the general public in an
ongoing fashion. Professional and industry organisations including Australian
Computer Society, Australian Information Industry Association, Australasian
Interactive Multimedia Industry Association and the Institution of Engineers,
Australia should regularly coordinate and conduct presentations on key IT
issues including current research to the public and government bodies. In
addition, centres such as the National Science and Technology Centre and the
Powerhouse Museum should increase their coverage of IT-related subjects.

5.5.3 Epilogue

The subject of this report has been to develop a strategic direction for research in
IT in Australia. It has demonstrated that IT research plays a vital role in
underpinning industry development. It has also demonstrated, as have other recent
reports, that a strong locally owned IT industry is vital to Australia’s economic
future and that we are not investing sufficiently in encouraging our IT industry or
indeed other industries to invest in IT R&D.

It must be recognised that there is no ‘magic bullet’ for our problems, no easy
way forward for Australia to become internationally competitive in the IT
industry. It is easier to state the problem than to propose a solution. This is also
very true for the research community. The report has highlighted the weaknesses
in IT research in Australia, emanating from a lack of sufficient level of
government investment over many years.

Nevertheless, the authors of the report strongly believe that the situation can be
turned around. To do this, the recommendations made by this report must be
implemented with a strategic focus so that there is time for them to have an effect.

The intent behind the recommendations in the report are as follows:

• To rationalise and prioritise funding programs so that research funding is
focussed on areas such as IT which are aligned with national priorities, not
just on those disciplines at which we have excelled in the past;

• To improve research infrastructure for IT to allow more relevant research to
be undertaken and especially to allow participation in international research
consortia where much of the direction in standards for industry and commerce
are being set;

• To improve interaction and collaboration between academic and industrial
organisations, especially through increased IT focus in the CRCs, and through
other appropriate mechanisms to foster more innovation in SMEs;

• To increase the flow of well-educated and trained researchers from our
academic institutions into Australian industry;
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• To increase the profile of IT as a discipline in universities and in the ARC,
with assistance from the two major professional bodies for IT;

• To raise public awareness of the importance of IT as a major force in
Australia’s future economic and social prosperity, especially in its ability to
generate employment.

If the recommendations are implemented with these results then it is hoped that
the vision enunciated in the Introduction to the report can be attained. To reiterate:

“By 2010, Australian IT research will be recognised, both in Australia and by the
international community, as a major driving force contributing to the prosperity
and social cohesiveness of Australian society”.

.
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Appendix 1

 Methodology

1. The study was carried out by a Working Party set up under the auspices of the Australian
Academy of Technological Sciences and Engineering and commenced on July 1, 1996. The
composition of the Working Party is shown in Appendix 2. Members were drawn from
universities, CSIRO and industry.

2. Regular Meetings of the Working Party were held to plan the project and review progress:

(i) July 24, 1996 University of Sydney, Sydney

(ii) September 3, 1996 CSIRO, Canberra

(iii) October 18, 1996 University of Sydney, Sydney

(iv) December 8, 1996 Bond University, Gold Coast

(v) February 4, 1997 Macquarie University, Sydney

(vi) March 21, 1997 University of Sydney, Sydney

(vii) April 24, 1997 Intext Pty Ltd, Canberra

(viii) June 13, 1997 Bond University, Gold Coast

(ix) July 15, 1997 Intext Pty Ltd, Canberra

(x) August 23, 1997 Bond University, Gold Coast

3. The Working Party was assisted by a Steering Committee, the membership of which is also
shown in Appendix 2. A joint meeting between the Working Party and the Steering
Committee was held in Sydney on October 18, 1996. The Steering Committee also met on a
number of occasions via a telephone link-up.

4. A series of Open Forums were conducted in the capital cities. An open forum is a meeting
attended by participants invited by a local convenor. The WP chairman attended each of the
forums and was assisted by a number of members of the Working Party. A set of questions
prepared beforehand were made available to the people attending the forum to help stimulate
discussion. Each local convenor was asked to arrange for individual presentations from key
participants at the forum.

A transcript of the proceedings was prepared for each forum. These were analysed to identify
themes considered important by the attendees. Summaries from all forums were then
combined to produce an overall summary that in turn was used to develop some of the
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findings and recommendations in the report.

Six open forums were conducted as shown in Appendix 5. Approximately 140 people
attended these forums, some of which were divided into two sessions with the academics
attending the morning session, and industry and government participants attending the
afternoon session. In addition to making verbal presentations, some of the participants also
made written submissions.

5. Consultations were held with interested parties drawn from academia, government and
industry to obtain their inputs to the study. A list of persons consulted, either individually or
in groups, is given in Appendix 5.

6. In order to publicise the project and encourage online participation and interaction by
stakeholders, three Web Sites were created.

(i) The first site available to the general public provided an overview of the project, its
terms of references, the composition of the Working Party and Steering Committee
and details of the Open Forums. There was also a discussion group that enabled
interested parties to comment on any aspects of the project.

(ii) The second site was one with access restricted to the members of the Working Party
only. This site contained working documents used in the preparation of the report.
There was also an associated discussion group for use by WP members.

(iii) The third site which was similar to the second one was only available to the
members of the Steering Committee and the Working Party.

7. A Call for Submissions to the review was advertised in national newspapers. Calls were also
made by sending out email to a large number of potential respondents. The response from
these calls was, to say the least, disappointing. Only 11 submissions were received as shown
in Appendix 3. However, these have proved to be most valuable in preparing the report.

8. Three Workshops attended by members of the Working Party were held at Bond University
during the course of the project. At the first one (December 7-9, 1996), the structure of the
final report was developed. At the second (June 13-14, 1997), the Draft Report was reviewed
and final changes made before it was released to the general public for comment. The final
workshop (August 23-24, 1997) reviewed comments about the Draft Report and approved
the production of the Final Report.

9. A number of Case Studies of IT companies were carried out to ascertain the link between
research and the subsequent exploitation of the intellectual property. The initial case studies
have been found to be very insightful and of great benefit to the report formation.
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10. An extensive Review of the Literature relating to strategic planning in Information
Technology has been carried out. There is a vast amount of information available both on the
Internet and from published reports.

Many of the developed countries have created and are now actively implementing a strategic
plan for IT. These nations, such as Canada, Japan, Malaysia, Singapore and the USA to
mention a few, realise the vital importance of IT to the future prosperity of their country.
Obviously such plans involve research activities and this has proved to be a very fruitful
source of information.

Over 150 references have been compiled and analysed and are available on the web site.
Extensive use was made of this material in writing the report.

11. Analysis of Statistical Data collected from various sources was undertaken. These sources
included ABS, DEETYA, ARC, AAPCS, ASTEC and ISI.

12. Public Presentation of progress of the project to December 31, 1996 was made at
Macquarie University on February 4, 1997 to members of the AAPCS.



86

Appendix 2

 Committee Membership

Working Party

Professor Peter Poole FTSE (Chairman), Bond University

Professor John Rosenberg (Deputy Chairman), University of Sydney

Professor Rob Evans, University of Melbourne

Professor Ross Jeffery, University of New South Wales

Dr Richard Jones, InTEXT Systems

Dr John O’Callaghan, CSIRO

Dr Bernard Robertson-Dunn, Azimuth Consulting Australia Pty Ltd

Dr Graham McMahon (Executive Officer), Bond University

Margo Poole (Research Officer)

Jeanette Niehus (Secretary)

Steering Committee

Mr Harry Wragge AM FTSE (Chairman)

Emeritus Professor John Bennett AO FTSE

Professor Henry d’Assumpcao AO FTSE, The University of Adelaide

Mr Richard Dixon Hughes, DH4 Pty Ltd

Professor Andrew Lister, University of Queensland

Mr Mike Moore, Head, Bureau of Meteorology

Professor Mary O’Kane FTSE, The University of Adelaide

Mr Trevor Robinson FTSE

Mr Tom Worthington, Australian Computer Society

Ms Christelle Zmood, ARC
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Appendix 3

 Submissions

B.D. Anderson and R.P. Brent, Research School of Information Sciences and
Engineering, Institute of Advanced Studies, ANU

S. Kaplan, Department of Computer Science, University of Queensland

S. Landherr, Software Engineering Group, Information Technology Division, DSTO.

M. Lawrence, Faculty of Commerce, University of NSW.

C. Marlin, Department of Computer Science, Flinders University of South Australia.

S.P. Munro, Chair, Melbourne SPIN and L. Zucconi, Chair, ACS TCS on Software
Engineering

V. Rowe, Chair, Australian Software Engineering Institute, Inc.

J. Staples and J. Welsh, Software Verification Research Centre

The Technical Board of Directors, The Australian Computer Society

C.P. Tsang, Department of Computer Science, University of Western Australia.

R.S. Tucker, Department of Electrical and Electronic Engineering, The University of
Melbourne.
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Appendix 4

 Consultations

2 September 1996

Bill Pattinson
Director
Small Business & Science & Technology
Section
Australian Bureau of Statistics
Canberra ACT

David McGeachie
Small Business & Science & Technology
Section
Australian Bureau of Statistics
Canberra ACT

5 September 1996

Ian Barndt
Director, Office of Government Information
Technology (OGIT)
Canberra ACT

6 September 1996

John Donnelly
Assistant Director
Information Industries Infrastructure (DIST)
Canberra ACT

David Hunt
Manager, Trade Unit
Information Industries Branch (DIST)
Canberra ACT

Eric James
Assistant Secretary
Science & Technology Advisory Branch
(DIST)
Canberra ACT

Peter Moore
Director
Telecommunications Industry Development
Authority (TIDA)
Telecommunications Industries Section
(DIST)
Canberra ACT

Roger Purcell
Assistant Director
Information Industries Infrastructure (DIST)
Canberra ACT

Mike Stracey
Head
Multimedia Unit (DIST)
Canberra ACT

Robyn White
Assistant Director
Information Industries Strategy Section
(DIST)
Canberra ACT

David H Williamson
Assistant Secretary
Information Industries Branch (DIST)
Canberra ACT

6 September 1996

John McKenna
Director
International Science & Technology
Collaboration Section
Science & Technology Division (DIST)
Canberra ACT
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Ken Pettifer
Assistant Secretary
International Science & Technology Branch
(DIST)
Canberra ACT

George Shaw
Assistant Director
International Science & Technology Branch
(DIST)
Canberra ACT

6 September 1996

Dr John W Houghton
Principal Economist
Bureau of Industry Economics (BIE)
Canberra ACT

9 September 1996

Professor Ah Chung Choi
Dean, Faculty of Informatics
University of Wollongong
Wollongong NSW

4 October 1996

Professor Gopal Gupta
James Cook University
Townsville Q

3 February 1997

Dr Clive Summerfield
Technical Director
Syrinx Speech Systems Pty Ltd
North Sydney NSW

6 March 1997

Tak Woo
Managing Director
On The Net
Robina Q

22 March 1997

Emeritus Professor John Bennett AO FTSE
Balgowlah NSW

13 May 1997

Melfyn Lloyd
Research Director
CRC for Distributed Systems Technology
(DSTC)
The University of Queensland

14 May 1997

Rob Cook
Managing Director & CEO
CiTR Pty Limited
Milton Q

30 May 1997

Dr Michael Georgeff
Director
The Australian Artificial Intelligence
Institute (A2 I2)
Melbourne VIC

2 June 1997

Dr Bronte Adams
Ministerial Adviser - Office of the Treasurer
and Minister for Multimedia
4th Floor, 1 Treasury Place
Melbourne VIC

Randall Straw
Assistant Director, Information Technology
Policy
Level 10, 55 Collins Street
Melbourne VIC

2 June 1997

Professor Ramamohanarao Kotagiri
Professor of Computer Science,
Department of Computer Science
The University of Melbourne VIC
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14 July 1997

Roger Allen
Allen & Buckeridge Pty Limited
Sydney NSW

Dr Roger Buckeridge
Allen & Buckeridge Pty Limited
Sydney NSW

18 July 1997

Satis Arnold
Research Policy Director (DEETYA)
Canberra
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Appendix 5

 Forum Participants

Open Forum 1  Perth

Date: 19 August 1996, Convenor: Dennis Moore

(Academic, Government, Industry)

Dr John Barker, Government of WA

Gary Bundell, University of WA

Prof Terry Caelli, Curtin University

Prof Antonio Cantoni , Curtin University

Assoc Prof Mike Grant, Imago
Multimedia Centre

Dr Chris McDonald, University of WA

Dr Jim Millar, Edith Cowan University

Dr Graham Pervan, Curtin University

Rod Smith, Government of WA

Lynne Thomas, Government of WA

Dr Chi-Ping Tsang, University of WA

Assoc Prof Svelte Venkatesh, Curtin
University

Open Forum 2 - Adelaide

Date: 20 August 1996, Convenor: Prof Chris Barter

(Academic)

Dr Alfred Brown, University of
Adelaide

Prof Young Choi, University of
Tasmania

Dr Michael Gerrard, University of
Adelaide

Paul Haylock, University of South
Australia

Dr Alan Kaplan, Flinders University

Prof Chris Marlin, Flinders University

Prof George Milne, University of South
Australia

Prof Andrzej Nafalski, University of
South Australia

Dr Michael Ourshoorn, University of
Adelaide

Dr Anthony Parker, University of
Adelaide

Dr John Rice, Flinders University

Dr John Roddick, University of South
Australia

Prof John Skinner, Flinders University

Dr Francis Vaughan, University of
Adelaide
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Dr Millist Vincent, University of South
Australia

Dr Jay Yantchev, University of Adelaide

(Government, Industry)
David Bover, Australian Software
Engineering Institute (ASEI)

Darryl Denton, BHP Information
Technology, BHP Service Companies

Peter Murchland, Department of
Information Industries SA

Dr Stefan Landherr, DSTO

Dr Laskshmi Narasiman, (DSTO)

Ron Seidel, Faculty of Engineering
Regency Institute TAFE SA

Laird Varzaly, Department of
Information Industries SA

Andrew W Weller, Tandem Computers
P/L

Open Forum 3 - Melbourne

Date: 21 August 1996, Convenor: Prof Rob Evans

(Academic)
Prof Janet Aisbett, University of
Tasmania

Dr Bryan Beresford-Smith, University of
Newcastle

Prof Leslie Berry, RMIT

Prof J W Breen, Monash University

Prof Gregory Egan, Monash University

Prof Peter Gerrand, University of
Melbourne

Assoc Prof Doug Grant, Swinburne
University of Technology

Prof Richard Harris, CITRI, RMIT

Prof Brian Henderson-Sellers,
Swinburne University of Technology

Prof Peter Juliff, Deakin University

Prof Ramamohanarao Kotagiri,
University of Melbourne

Dr Peter Lawrence, Deakin University

Mr Gavan McCarthy, University of
Melbourne

Assoc Prof Karl Reed, La Trobe
University

Dr Michael Rumsewicz, RMIT/VOM

Assoc Prof Paul Swatman, Swinburne
University of Technology

Assoc Prof Paula Swatman, Monash
University

Prof Leon Sterling, University of
Melbourne
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Open Forum 4 - Canberra

Date: 3 September 1996, Convenor: Dr John O’Callaghan

(Academic)

Prof Brian Anderson, RSISE, ANU

Robert Bitmead, Director CRC for
Robust & Adaptive Systems

Dr Brian Denehy, University College
Australian Defence Force Academy

Prof Reino Kurki-Suonio, Tampere
University of Technology, Finland

Dr Brian Molinari, ANU

Prof Robin Stanton, ANU

Prof Darrell Williamson, ANU

(Government, Industry)
Graham Baker, Australia & New
Zealand Land Information Council

Ian Barndt, Office of Government
Information Technology

Kaveri Chakrabarty, National Library of
Australia

John Donnelly, Department of Industry,
Science & Tourism

Karin Geiselhart, University of Canberra

Karen Groeneveld, Department of the
Prime Minister & Cabinet

George Shaw, Science & Technology
Division, DIST

Prof Martti Tienari, University of
Helsinki, Finland

Open Forum 5 - Sydney

Date: 11 September 1996, Convenor: Prof John Rosenberg

(Academic)

Assoc Prof Allan Bromley, The
University of Sydney

Prof Dubravka Cecez-Kecmanovic,
University of Western Sydney

Assoc Prof Paul Compton, The
University of NSW

Assoc Prof Robert Edmundson, The
University of NSW

Assoc Prof Jenny Edwards, University
of Technology Sydney

Prof Norman Foo, The University of
NSW

Assoc Prof Michael Fry, University of
Technology Sydney

Prof Jean-Luc Gaudiot, University of
Southern California
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Dr Thomas Hardjono, University of
Western Sydney Macarthur

Prof Graham Hellestrand, The
University of NSW

Prof Robert Hewitt, University of
Sydney

Prof Jan Hext, Macquarie University

Prof Marwan A Jabri, The University of
Sydney

Dr Barry Jay, University of Technology
Sydney

Prof Dr Leslie Keedy, University of Ulm
Germany

Assoc Prof Robert Kummerfield, The
University of Sydney

Prof Michael Lawrence, The University
of NSW

Dr Mahmood Nagrial, University of
Western Sydney Nepean

Assoc Prof Marcus O'Conner, The
University of NSW

Prof Ross Quinlan, The University of
Sydney

Assoc Prof Arthur Ramer, The
University of NSW

Hugo Rehesaar, The University of NSW

Prof Jennifer Seberry, University of
Wollongong

Assoc Prof Aruna Seneviratne,
University of Technology Sydney

(Government, Industry)
Paul Antoine, Softway Pty Limited

A. R. (Tony) Benson, NCR Australia Pty
Ltd

David Evans, Hypertec Pty Ltd

Barry de Ferranti, The Warren Centre,
The University of Sydney

Brendan Hannelly, Research Foundation
for IT, University of Sydney

Dr Peter Jones, Home Communications
Pty Ltd

Hugh Loewenthal, Business & Regional
Development, NSW Government

Philip McCrea, CSIRO Australia
Division of IT

Ann Moffatt, Technology Solutions Pty
Ltd

Peter Outteridge, Sun Microsystems Inc

Alfred C Papallo, Eurofield Information
Systems Pty Ltd

Ken Preshaw, Insession Pty Limited

Dr Phil Robertson, Canon Information
Systems

Dr Emad Shublaq, PMRT Management
Consulting

Chris Skinner, DISplay Pty Ltd

Dr Clive Summerfield, Syrinx Speech
Systems

Eldean Ward, Billback Systems
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Open Forum 6 - Brisbane

Date: 19 September 1996, Convenor: John Staples

(Academic)

Robert Andrews, QUT

Prof William Caelli, QUT

Dr David Carrington, University of
Queensland

Prof Tom Downs, University of
Queensland

Prof Geoff Dromey, Griffith University

Carole Green, QUT

Prof Simon Kaplan, University of
Queensland

Prof Kurt Kubik, QUT

Melfyn Lloyd, DSTC Pty Limited

Prof Dennis Longstaff, University of
Queensland

Ass Prof George Mohay, QUT

Prof Paul Pritchard, Griffith University

Assoc Prof Michael Rees, Bond
University

Asst Prof Stephen Sugden, Bond
University

Prof Roly Sussex, University of
Queensland

Prof Rodney Topor, Griffith University

Dr Owen Traynor, University of
Queensland

Prof Ron Weber, The University of
Queensland

(Government, Industry)
David Barbagallo, CRC for Distributed
Systems Technology

Ray Camp, Computer Solutions Pty Ltd

Bob Genter, ACS

Jim Griffith, Mode Computer Services

George Hayworth, Foxboro-L&N Pty
Ltd

Adrian Mortimer, CiTR Pty Ltd

Stephen Munro, DSI Pty Ltd

Mark Oberman, Computervision Pty Ltd

Jennie Perry Smith, Department of the
Premier & Cabinet

Assoc Prof Alan Underwood, QUT,
Assoc Director, DSTC

Tuula Wekara, Merit-Q International Pty
Ltd

Roger Worthington, QCOM Pty Ltd
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Appendix 6

 Ontario Model

The Information Technology Research Centre (ITRC) is an Ontario Centre of Excellence
established in 1990 in Ontario, Canada. Government support for the Centre was renewed in
December, 1996. Its areas of focus are Information Technology, Telecommunications and
Digital Content. Its mission is to strengthen the global performance of Ontario's industries by
supporting world class fundamental and applied university-based research in information
technology, and  by participating universities graduating students trained in those areas.

The Centre is a not-for-profit organisation whose goal is to allocate research funds within the
university research community environment to increase the exposure of research to industry. The
Centre encourages collaboration between the university research community and private
industry. Its vision is economic renewal and human empowerment through Information
Technology. It aims to strengthen Ontario's economy through contributing to the growth of IT
innovation to promote the interchange of people, ideas, and technologies between industry and
universities.

Market success is underpinned by an innovative combination or fusion of technologies to
uniquely and profitably meet an emerging market need. Large companies have dedicated
staff who track external research programs to identify opportunities that fit their
companies' markets and plans. Small to medium companies, which dominate the Ontario
IT industry, rarely have time or dedicated staff to track long range technology discoveries.
ITRC is developing collaborative research programs targeting increased technology/market
opportunity transfer to small to medium companies.

Collaborative research establishes a consortia of companies to contribute to university-
based applied research in an emerging or potential market application. Prototyping of
system concepts and field experiments are used to validate the potential user value and to
explore potential product and business architectures.

The first such initiative was Telepresence, a $5.7 million, and four-year, collaborative research
project, undertaken jointly with the Telecommunications Research Institute of Ontario. The
Province of Ontario provided major funding and the University of Toronto made available new
laboratory and office space to accommodate researchers and visitors.

The Telepresence Project was an inter-disciplinary research effort between academics and the
industry scientists studying sociological issues associated with the deployment of advanced
computer and video supported cooperative work systems. The project's focus was on the
integration and packaging of existing computer, video and telecommunications systems and on
the development of methodologies for their successful deployment in arms-length user sites.

In the project's second year of operation in 1993/94, there were seven industrial partners directly
involved including such companies as Bell Canada, Xerox, Hewlett-Packard, and Corel. Over
$600,000 in cash and in-kind support were committed by industrial partners including the on-
campus dedication of personnel.

Research personnel generated research papers, technical reports, and MSc/PhD theses. Research
exchanges were made with international partners in France and Italy through visits and remote
video-collaboration.
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Toronto and Ottawa laboratories were fully linked in a media space that includes novel
applications such as multi-party video conferencing, video mail, computer conferencing and
intelligent office systems. Plans were finalised to install an inter-city 45-Megabit media space
based on a porting of the Telepresence environment onto ATM.

During the project an intense transfer of technology and methodologies occurred to industrial
partners which will result in new product offerings in from a number of affiliated companies.

The ITRC has also established an "Entrepreneurs' Marketplace" for entrepreneurs in both
industry and research. This resource supplies general information relating to areas such as
finance, legal issues and small business resources. Further developments may include creating
public submissions for venture capital and initiating an industry/researcher profile bank.
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Appendix 7

 Government Funding Mechanisms

The Federal Government has at least three major mechanisms for funding research
including IT research:

1) ARC PROGRAMS

There are a variety of funding mechanisms provided by the ARC including the
following:

a) Large Grants: funding for research to individuals and groups. The award of Large
Grants (above $30,000 per year) for IT research is based on recommendations of
the sub-panel A4 Engineering 1 which uses peer group review to evaluate
applications. Small Grants (above $5000) are determined by individual
institutions.

b) Australian Research Fellowships: competitive awards to attract high quality
researchers from within Australia or overseas for postdoctoral and senior research
positions.

c) International Research Fellowships: promotion of international research links
between Australia and France, Germany and Korea.

d) Strategic Partnerships with Industry-Research and Training (SPIRT) Scheme:
support to encourage collaboration between higher education institutions and
industry for both research and training. ARC funds may be used for project
expenses such as personnel, maintenance and equipment; industry is required to
contribute in cash and in-kind.

e) Australian Postgraduate Awards: competitive awards for students undertaking
higher degree studies such as Masters by Research and PhD.

f) Overseas Postgraduate Research Scholarships: support to meet tuition fees and
health insurance for overseas postgraduate students to study in Australia.

g) Research Infrastructure: direct support to higher education to encourage sharing
of equipment and facilities.

h) Special Research Centres: support for centres of research activity involving a
number of researchers.

i)  Key Centres for Teaching and Research: assistance to the higher education
sector to develop centres of expertise for both teaching and research in areas
relevant to national objectives.
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j) Special Research Initiatives: support for specific activities that encourage greater
collaboration among ARC researchers.

International Research Projects: support to facilitate collaboration between ARC-funded
researchers and researchers in a number of overseas countries.

2) DIST PROGRAMS

DIST support for research includes the following programs:

a) Cooperative Research Centres (CRC): support for collaborative research and
education programs in the fields of natural sciences and engineering, with a strong
focus on commercial and other applications.

b) International Science and Technology Program (ISTP): support towards the
cost of overseas travel and living expenses ISTP aims to develop collaboration
between research teams in Australia and overseas on projects of significance to
Australian industry and national research interests. ISTP comprises the following
elements:

i) Major Grants Program - supports collaboration between research groups
and consortia with equivalent groups overseas.

ii) Bilateral Science and Technology Collaboration Program - supports
research visits by individual scientists and small focused joint seminars and
technical workshops.

iii) Access to Major Facilities Research Program - supports travel to major
research facilities overseas by Australian investigators with approved projects
to use major research facilities not available in Australia.

iv) International Conference Support Scheme (ICSS) - support for selected
international scientific, technological or engineering conferences held in
Australia.

c) French-Australian Industrial Research (FAIR): assistance for companies and
research institutions in Australia and France to build links through collaboration
in industrial research and technology transfer.

d) IT Online Program: grant funding to organisations to undertake demonstration
projects in online technologies in business applications.

e) AUSINDUSTRY Programs:

i) Research Start: provision of a flexible package of assistance through grants
and loans to industry for research, development and commercialisation. It
replaces research syndication and links leading industrial research with
management and financial capability.

ii) Competitive Grants for Research and Development: assistance to
Australian firms to gain a competitive international edge through increased
research, development and successful commercialisation.
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iii) Concessional Loans for the Commercialisation of Technological
Innovation : assistance to small technology-based firms to undertake early
commercialisation activities arising directly from research or technological
innovation

iv) Technology Support Centres Program: support to facilitate the
establishment of a national network of Technology Support Centres, to
improve industry’s access to technology and technical advice. Competitive
grants are available for enhancement of existing infrastructure, demonstration
and awareness raising and feasibility studies to investigate approaches to
technology diffusion issues.

Partnerships for Development and Fixed Term Arrangements Programs: facilitation of
strategic, long-term industry development activities in Australia by companies in the IT
industries. With the encouragement and support of Australian governments, partners are
encouraged to increase exports of hardware, software and services, and invest in research
and development.

3) TAX CONCESSION FOR RESEARCH AND DEVELOPMENT

These concessions allow eligible taxpayers to deduct qualifying expenditure incurred
on research activities, including research carried out on their behalf, against taxable
income at concessional rates of up to 125%. For an research project to be eligible for
the concession, it must be based on research activity that involves either innovation or
high levels of technical risk. The work must have been based upon principles of
physical, biological, chemical, medical, engineering or computer sciences.
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Glossary

A&RM: Agriculture and Rural-based Manufacturing

Acer: Computer manufacturer based in Taiwan.

ACM: Association for Computing Machinery, international association for computer
professionals, based in USA.

ACS: Australian Computer Society, Australia’s association for IT professionals.

AIIA: Australian Information Industry Association

AIMIA: Australasian Interactive Multimedia Industry Association

Algorithm: Complete instructions for performing a task, which may be implemented in a
computer program.

ANU: Australian National University, Canberra

Application package: Integrated collection of computer programs to perform a set of
related tasks such as word processing or accounting.

Applied research: Investigations carried out to find solutions to practical problems.

ARC: Australian Research Council, the principal source of government funds for
academic researchers in Australia.

ARPANET: Experimental computer network set up in 1969 by the US Department of
Defense Advanced Research Projects Agency.

Artificial intelligence: the use of computers to simulate acts of human intelligence.

ASEAN: Association of South East Asian Nations

ASTEC: Australian Science and Technology Council, established as a statutory authority
in 1979 to provide policy advice to the government.

ATM: Asynchronous transfer mode, a technology for sending voice, video and data on
flexible high speed networks.

AUSINDUSTRY: A joint Commonwealth and State/Territory program to provide
assistance to Australian industry.

Backbone: High capacity communication link carrying large traffic load.

Basic research: Research whose aim is to extend human knowledge, rather than to solve
an immediate problem.

BIE: Bureau of Industrial Economics, a centre for research into the manufacturing and
commerce sectors, formally attached to the Department of Industry, Science and
Technology.
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CE: Computer Engineering

CIC: Committee on Information and Communications of the National Science and
Technology Council, which advises the US government.

Citations: References to a paper by other papers, so citation rates indicate the relative
influence of research.

Codified knowledge: Transfer of knowledge through publication.

Compaq: Large manufacturer of desktop computers, based in US.

Computation: The manipulation of symbols, which are often representations of
numbers.

Computer chip: Powerful electronic circuitry imbedded in a package, normally a few
square centimetres in area.

Computer Engineering: the study of the design, construction and operation of
computers.

Computer Science: the study of algorithms and data structures for the effective
application of computer technology to the solution of problems.

Computers: Electronic devices for symbol manipulation.

Convergence: In the context of this report, this term is applied to the combining of
communications technologies such as telephone networks or cable television with
computers and computer networks.

Cooperative Research Centre: These centres report to DIST, and bring together
researchers from universities, CSIRO and industry. 62 CRCs have been established since
May 1990.  The average size is 30 researchers.

CRC: Cooperative Research Centre

CS: Computer Science

CSC: Computer Sciences Corporation

CSIRAC: Experimental computer built in the early 1950s by CSIRO scientists.

CSIRO: Commonwealth Scientific and Industrial Research Organisation

CSNET: Computer network designed in the 1980s to connect computer science
researchers around the world.

CT: Communications Technology, the technologies involved in electronic
communication, including broadcast media and private communication, and
encompassing networks of copper cables and optical fibres,  microwave links, satellites
etc.

Data structures: Representation of data in a computer in ways which facilitate efficient
processing.

Databases: Collection of data created and accessed using a computer.

DC: Digital Communications.
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DEC: Digital Equipment Corporation.

DEETYA: Department of Employment, Education, Training and Youth Affairs

Digital Communications: Transfer of information using discrete packets of information
suitable for processing by computers.

Digital Data Networks: Computers and other devices connected by communication lines
for transfer of digital information.

Digital Equipment Corporation: Long established US-based manufacturer of
computers.

DIST: Department of Industry, Science and Tourism

DOCA: Department of Communications and the Arts

Downsizing: Reducing the number of employees in an organisation, possibly by
outsourcing.

DSTO: Defence Science and Technology Organisation

EDS: Electronic Data Systems Corporation, a US-based supplier of computer services.

Electronic commerce: Until recently, this consisted of fax communication, document
exchange and electronic mail. The advent of the World Wide Web now makes possible
worldwide connectivity for advertising, browsing, negotiation, ordering of goods and
services, making payments and tracking delivery, at little cost.

Electronic kiosk: Equipment in a public place for providing information in an interactive
manner.

ENIAC: Electrical Numerical Integrator and Computer, world’s first electronic digital
computer built at the University of Pennsylvania in 1946.

Ericsson: Supplier of telecommunications equipment, based in Sweden.

Esprit: Program which funds collaboration in scientific research between countries in
Europe.

GDP: Gross Domestic Product

Graphics card: Electronic circuitry mounted on a card which sends information from a
computer to a display screen.

GSA: GSA Consulting Group, a Canada based IT consulting company, serving health
care and insurance industries.

Hardware: Physical equipment, often contrasted with software which directs the
hardware to perform useful tasks.

Hewlett-Packard: US manufacturer of electronic devices, including computers and
peripheral equipment.

IBM: International Business Machines, the world’s best known manufacturer of
computers.
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IEAust: Institution of Engineers, Australia, the largest professional body of engineers in
Australia.

IEEE: The Institute of Electrical and Electronics Engineers, a large US based
international professional society for electrical engineers, which publishes many
professional journals. The Institute also has an active Computer Society to which many
Computer Scientists belong.

Information highway: A descriptive term for the enormous network of computers linked
together to form the Internet.

Information industries: General term for industries which generate, process or transmit
information, or which service these sectors. The term includes manufacturers of hardware
for computers or telecommunications, the computer software industry, the
telecommunication industries, the mass media and the content providers such as the film
and publishing industries.

Information services: Supply of information to the public via electronic media.

Information superhighway: See Information Highway

Information Systems: Computer software systems which support the operation,
management and decision functions in an organisation.

Information Technology: Now used as a generic term to include the technologies of
computing and telecommunications.

Infrastructure: Assets with a substantial lifetime which support activities of many
people. These include electrical and optical cables, buildings, laboratories and high
performance computing systems. Also included are less tangible assets such as standards
and large databases.

Intel: Large US manufacturer of microprocessors and other semiconductor devices for
personal computers.

Interface: Devices such as screens, keyboards, mouse which permit the user to interact
with a computer system.

Internet: The international network of computer networks.

IS: Information Systems

ISI: Institute for Scientific Information, US-based source of information on international
scientific publications.

IT: Information Technology

IT&CT: Information Technology and Communications Technology

IT&T: Information Technology and Telecommunications

ITRC: Information Technology Research Centre (Ontario)

Knowledge society: Society in which the processing and use of knowledge is prominent.

Knowledge workers: People who process information rather than goods.
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Magnetic storage: Disks, drums, cards and tapes which store information on a
magnetised surface.

Megabit: 1,048,576  bits.

Memory: Component of a computer where information is stored for processing.

Microsoft: World’s largest supplier of software for personal computers.

Mitac: US manufacturer of IBM-compatible computers.

MNC: Multinational corporation

Monitor: Displays output from a computer on a screen.

Motherboard: Board which supports the central processor and other chips in a personal
computer.

Mouse: Desktop device for controlling the movement of a pointer on the screen of a
monitor.

MRPII: Manufacturing Resource Planning, a widely used approach to managing
factories.

MSC: Multimedia Super-Corridor adjacent to Kuala Lumpur in Malaysia.

Multimedia: Combination of graphics, audio, video and text.

Multinational companies: Companies which transact business in many countries.

Network: Computers connected by communication links over which they can exchange
information at high speed.

Network host: Computer containing information accessed by other computers.

NH&MRC: National Health and Medical Research Council

Node: Computer on a network.

Notebook: Small portable computer.

NSF: National Science Foundation, US government agency which supports scientific
research.

NSTC: National Science and Technology Council, US agency which establishes goals
for and coordinates Federal research and development.

OECD: Organisation for Economic Cooperation and Development, an international
organisation of 29 countries with market economies.

Online economy: Business transacted on the Internet.

Online services: Services provided via the Internet.

Operating system: Controlling programs which are permanently resident on a computer.

Optical fibre: Long, thin flexible cylinder of glass used for transmitting information
modulated on a beam of light.

Optus: Australia’s second major telecommunications company.
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Oracle: Widely used database system (and the company which markets it).

Outsourcing: Paying an outside body to provide goods or services traditionally provided
within an organisation.

Partnerships for Development: Government supported program to encourage
international companies active in Australia to undertake research & development in this
country and export from here.

PC: Personal Computer

PfD: Partnerships for Development

R&D: Research and Development

RFM: Relative Funding Model, DEETYA model for funding tertiary institutions.

RMIT: Royal Melbourne Institute of Technology

ROI: Return on Investment

Scanner: Device for converting a picture into binary data.

SE: Software Engineering

SME: Small-to-Medium Enterprise

Software: Computer programs.

Software Engineering: Production of high quality software on time and within budget.

Tacit knowledge: Information that is carried within the minds of individuals and
infrastructures of industries. It is intangible knowledge and understanding that comes
from many years of initiating endeavors and seeking outcomes.

Technological cringe: Belief, perhaps unconscious, that imported technology is superior
to local technology.

Telecommunications: Transfer of information over a distance by electronic means.

Telecommuting: Working at home and using electronic means to communicate with
clients and colleagues.

Telemedicine: Doctor-patient communication by electronic means.

Telstra: Australia’s principal telecommunications company, still largely government
owned.

UNIX: Widely used operating system, developed at Bell Laboratories.

Venture capital: Funds for investment in companies to develop new products and
services for which there is a high risk of failure.

Windows: An operating system developed by Microsoft and used on most IBM-
compatible personal computers.

World Wide Web: A system enabling access to documents on the Internet by means of
hypertext links.
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