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1. Introduction

The Institution of Engineers, Australia (IEAust) is the peak body for engineering practitioners in Australia. IEAust embraces all members of the engineering team, all disciplines of engineering and covers all parts of Australia. Consequently, it is the largest and most diverse engineering association in Australia with around 60,000 members. All members of IEAust are bound by a common commitment to promote engineering and facilitate its practice for the common good. 

To provide the Committee with a better understanding of the engineering profession, and to provide a context for IEAust’s comments, section 2 of this submission describes the functions of an engineer and the breadth of activity undertaken by the engineering team. 

Maintaining and improving the quality of education and research provided by Australia’s public universities is vital to Australia’s future in the global knowledge economy, especially in the fields of science, engineering and technology. 

IEAust is of the view that government funding for public universities is inadequate, and that the focus on gaining funds from industry or increasing fee paying students is detrimental to the quality of education delivered to engineering students. It is also detrimental to the quality and quantity of research being undertaken in engineering schools. This is outlined in section 3 of the submission. 

Participation levels in engineering is particularly low for indigenous and women students. Statistics are provided in section 4. 

One of the objects and purposes of IEAust is to increase the confidence of the community in the employment of engineers. It does this by admitting members only where they have satisfied the IEAust that they have an adequate knowledge of both the theory and the practice of engineering. In accordance with this, IEAust evaluates courses or programs that lead to the award of professional engineering degrees by Australian universities, and accredits those programs that are judged as preparing their graduates adequately for entry to the profession. Accreditation by IEAust provides public identification of programs that have been evaluated independently of the offering university. It also provides:

· a guarantee of standing that engineering schools can offer to prospective students and graduates, Australian and international.

· a basis for international comparability, reciprocal recognition, and graduate mobility.

· a statement to governments and universities of the basic requirements of a professional education, and the level of resources reasonably required to meet these requirements.

IEAust works closely with the many engineering schools in universities in the design of new programs, and modes of delivery of engineering education. This is further detailed in section 5.

The engineering profession is vital to Australia’s future well-being, and it is in the best interests of the community that Australian universities produce high quality engineering graduates at greater levels than is currently the case. Australia currently produces twice as many scientists as engineers, which is in contrast to countries such as Singapore and Germany, which produce more engineers than scientists. Within OECD countries, Australia produces the lowest percentage of engineering graduates and the highest percentage of biological scientists. This comes at a time when we should be at least be equally focused on converting ideas into products, as we are with discovering new ideas. Section 7 provides further commentary on this issue. 

2. What is engineering?

The following is provided to assist the Committee in its understanding of the value and importance of ensuring a high quality engineering education, and in understanding the vital role engineers play in society. 

Engineering is about applying science and technology to satisfy human needs.

The role of engineering in developing and implementing new technologies places engineers in a central role in improving the living standards of the community, improving the standards of environmental care and generating wealth for Australia. 

The term engineer dates back to the Roman Empire, and derives from the Latin word “ingeniator”, meaning ingenious person. The ingeniator’s job was to design and build roads, bridges and aqueducts and to solve technical problems quickly with a minimum of materials and equipment. 

A professional engineer is a person who devises and implements technologies and systems.  This requires grounding in mathematics and science as well as a lengthy period of practical training. The term engineer is often used incorrectly to describe those tradespeople who operate technologies, rather than those who design and implement technology.

The delivery of engineering services includes a range of practitioners, such as professional engineers, engineering technologists and engineering associates. There are many areas of overlap between the different spheres of practice. However, engineering is predominantly practiced by those who hold a bachelor degree, as shown in the following table. 


Private %
Public %
Other %
Total %

Diploma
6.3
8.8
6.7
7.1

Bachelor Degree
75.6
62.9
40.0
71.2

Graduate Diploma
6.4
12.8
10.0
8.5

Masters Degree
8.8
13.8
26.7
10.6

Doctorate
1.9
1.0
16.7
1.8

Other
0.9
0.7

0.9

Table 1: Qualifications of engineers employed by sector, 2000

Source: The Association of Professional Engineers, Scientists and Managers, Australia, Professional Engineer Remuneration Survey Report, December 2000, Melbourne, pp. 118 Fig. 10.5.

According to the 1996 census data, there are about 79,000 engineers working in technical areas, and 42,000 engineers working in other areas, such as management, and the sciences. The approximate number of engineers in the Australian workforce is 121, 000. 

The traditional focus of engineering activities has been in infrastructure (the fundamental facilities and systems that allow a modern society to function effectively). Infrastructure includes transportation, communication systems, energy and water supply, and waste removal.  However, engineering impacts on many aspects of community life. 

Table 2 lists only some of the areas in which professional engineers commonly practice.

Acoustics

Aeronautics

Agriculture 

Arbitration

Automation and control

Biomedical

Bridges and viaducts

Building services

Building surveying

Civil

Chemical

Coastal and oceans

Communications

Computing

Construction management

Dams

Electric power


Electronics 

Engineering education

Engineering survey

Environment

Fire safety 

Food technology

Foundations and footings

Fuels and energy

Geotechnics

Industrial 

Local government

Maintenance

Manufacturing

Materials 

Metallurgy

Military 

Mining and tunnelling


Naval architecture

Nuclear 

Petroleum and gas

Pipelines

Process control

Public health 

Quality management

Railways 

Risk 

Roads and highways

Software

Space 

Structural 

Telecommunications

Transportation

Water resources

Table 2: Areas of practice for engineers

3.
Public and private funding issues 

IEAust takes the view that current funding levels are insufficient to service increasing demand in engineering education. University resources are severely stretched, and the reduction in public funding has meant that universities must gain income from other sources.  The chase for this funding depletes already inadequate resources. This particularly affects the engineering schools’ ability to engage in research. The reduction in funding is also detrimentally affecting the quality and diversity of teaching and research.

There is also a shrinking limit to which industry will undertake research within Australia. Business expenditure on research and development has fallen dramatically in recent years, which impacts on a university’s ability to access new research partners in industry and to access outside sources of funding. These two factors place limits on the ability of universities to provide the required research infrastructure and the high standard of undergraduate teaching necessary to create the skilled workforce vital for Australia to remain a significant player in the world economy.  

IEAust believes that engineering schools require double the current level of funding. Funding should be increased to $500m over 4 years. In this context, it is important that the funds are channelled to the engineering schools rather than as general university allocations, and that these resources are not eaten up by administrative costs or costs in chasing other funding sources. 

3.1
Impact on quality of education 

Since the mid 1980’s (with the exception of a few years) Australian governments have let the per capita investment by the Commonwealth in public universities slide, and have allowed it to be wholly or partially replaced with fees, grants and outside earnings. Funding per student has been decreased.  

Universities are a fundamental component of Australia’s success in a knowledge-based global economy and as such, government must continue to take its fair share of responsibility in funding them, rather than relying on industry to provide increasing levels of funds, or relying on increases in full fee paying student numbers. Reduced funding can only lead to reduced achievement by graduates. Tertiary funding must be seen through such parameters as staff student ratios, practical content in courses and access to modern technology. 

The current funding levels and arrangements has led to a university focus on student number throughput, to maintain student-funding guarantees, at the expense of education quality. This results in overcrowded classrooms. There are serious concerns about the student staff ratios, which have escalated in recent years. For engineering, the student/staff ratio increased by 47% over the period 1986 to 1998. The ratio was 10.4 in 1986, 13 in 1993 and 15 in 1998, and currently stands at around 18. This is as a direct result of the reduction in funding by the Commonwealth and the transfer of funds by universities away from teaching and research activities due to central costs. 


1986
1998
% increase

Academic staff
1815
1998
10

Student load (EFTSU)
18834
30344
69

Student/Staff ratio
10.4
15.3
47

Commencing BEng students (1)
6610
16984
157

BE graduates
3448
6559
90

Table 3: Academic and staff loads 1988-1998. 

Source: Australian Council of Engineering Deans, 2000.

Notes: (1) figures include fee-paying overseas students

Decreases in funding have had severe impacts on research infrastructure, which means that students cannot gain practical exposure to modern technology. This situation compares poorly to international standards.  

The learning experience of students must be improved. Class sizes and staff/student rations must be reduced. As well, teaching infrastructure must be updated.

3.2
Impact on R&D activities and facilities

Engineering does not rank highly in university research funding allocation. The major fields of research based on university disciplines are set out in the following Table. 

Field of Study
1988
1990
1992
1995
1996
1998

Total expenditure, $ million
1,076.8
1,350.8
1,695.2
2,039.1
2,307.6
2,600.2


Expenditure per sector as a percentage of total expenditure

Medical and Health Sciences
16.6%
18.9%
18.5%
22.3%
21.3%
22.7%

Biological Sciences
14.3%
11.8%
11.5%
11.9%
12.4%
12.1%

General Engineering
13.7%
6.7%
6.8%
6.5%
7.1%
6.9%

Other Sciences & Technologies
25.7%
31.7%
31.7%
32.3%
31.9%
31.2%

Social Sciences
18.1%
22.1%
21.9%
19.0%
19.3%
19.4%

Humanities
11.6%
8.8%
9.6%
8.0%
8.0%
7.6%

Other
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Table 4: University expenditure on research and experimental development by broad field of study, 1988-1998 (selected years)

Source: Australian Vice-Chancellors' Committee, Key Statistics on Australian Universities July 2000, pp. 46 Table E.6. http://www.avcc.edu.au/policis_activities/resource_analysis/key_stat2000.doc

These figures reflect the nature of engineering research.  Engineering as a discipline is not heavily focused on fundamental research, with much engineering research occurring within industry as innovation and development. 

Regardless of the current expenditure on engineering basic research, funding for basic research is inadequate. Funding has been declining as a proportion of total research activity in Australia since the early 1980s.  In the 1970s Australia spent 1.4% of GDP on tertiary education.  Australia has now triple the number of students, but spending has dropped to 0.8% of GDP.  This has led to serious cutbacks in research infrastructure and a decline in the competitiveness of Australia's basic research. Australia's investment in high quality research must be brought up to internationally competitive levels

Additionally, private funding has led to a downturn in facilities and resources and research in some areas while currently favoured areas are well resourced. There is also a growing emphasis on short-term (profitable) research results rather than long term project programs.

3.3
Course design to meet industry demand  

Australian industry in general has a poor record of supporting science, engineering and technology education. With 64% of business R&D performed in firms of less than 500 employees, it is difficult for Australian industry to articulate its changing needs to academia.  Most industry-academic liaison is on an ad-hoc, one to one basis, and is not coordinated by industry associations or clusters of companies. Therefore, the results are mostly short term. 

Cohesive industry involvement in course design and university research programs requires greater involvement and coordination by industry associations and individual businesses. Industry associations must develop ongoing liaison with key universities and become more involved in curriculum development. Industry must also offer academics secondments to industry and work experience and career guidance to students. 

IEAust recognises the importance of long term dialogue with universities and research organisations.  IEAust accredits university courses in engineering and technology and promotes the need for continuing professional development among engineers and technologists.  It does this because it recognises the importance of skills development to its members.  This type of attitude needs to become much more widespread within industry.

Although there is no statistical data to support it at this stage, a view is emerging that private funding has focussed university education towards particular industry sectors in line with current demands. This leads to cyclical highs and lows in graduates in various areas rather than a general focus on the community’s long term needs. This issue requires further examination by the Committee. 

4.
Participation in higher education

4.1
Overseas and indigenous students 

The following provides information on engineering and surveying students commencing university courses, and completing courses for the years 1988 to 1998. 

Included are figures for overseas students, indigenous students and figures for all students. There is a very low level of participation by indigenous students. 

Year 
Commencing students by broad field of study (3)
Award course completions for overseas students by broad field of study (1)
Award course completions for indigenous students by broad field of study (2)
Award course completions for all students by broad field of study (4)



1988 

106 (a)
6
4,973

1989
11,935
428
31
5,074

1990
12,591
674
13
5,170

1991
14,453
656
13
5,401

1992
14,661
696
13
6,081

1993
14,809
820
15
6,923

1994
15,029
988
12
7,520

1995
15,557
1,114
14
8,122

1996 
15,890
1,320
12
8,338

1997 
16,545 (b)
1,528 (b)
14 (b)
8,884

1998 
15,987 (b)
1,728 (b)
17 (b)
8,992

1999
16,540 (b)




Table 5: Engineering students commencing university courses and completing courses, 1988-1998

Source: Department of Education, Training and Youth Affairs, February 2000, Students 1999, Selected Higher Education Statistics, Canberra (1) pp. 160 Table 94, (2) pp. 140 Table 82, (3) pp. 25 Table 5, (4) pp. 113 Table 66, http://www.detya.gov.au/highered/pubgen/pubsalph.htm#5

Notes:
(a) Total includes those students who could not be classified to a field of study; (b)Data from 1997 and onwards were compiled in a different way to data for prior years to take into account the coding of Combined Courses to two fields of study. As a consequence, the total for some broad fields of study show larger increases than would be the case if data for only one field were to be counted. Counting of both fields of study for Combined Courses means that the data in the total column is less than the sum of the aggregated across all the column. 

4.2
Women in Engineering

Engineering has the lowest female share of any broad field of study in Australian universities with only 14.83% of total student enrolments in 1999 (includes both undergraduate and postgraduate data). The nearest field of study in terms of participation is Architecture and Building with 36.45% of total student enrolments in 1999. There is an interesting comparison between numbers for the period 1983 to 1999.

Broad Field of Study (DETYA Classification)
Female share of broad field of study enrolments (%) 


1983
1999

Agriculture, Animal Husbandry
 27.9
41.1

Architecture, Building
 20.7
36.4

Arts, Humanities and Social Sciences
 63.7
68.8

Business, Administration and Economics
 29.5
48.2

Education
 65.9
74.7

Engineering, Surveying
 4.6
14.8

Health
 53.5
74.1

Law. Legal Studies
 40.1
54.4

Science
 35.5
40.8

Veterinary Science
 43.6
65.6

Table 6: Female share of fields of study

 Source: Lewis, S, Harris, R, Cox, B, 2000, Engineering a Better Workplace, Institution of Engineers, Canberra, pp. 6, Tables 1. Note: Data complied by National Centre for Gender and Cultural Diversity, Swinburne University of Technology using DETYA data.

Most fields of study where female students comprised less than 50% in 1983 have shown steady increases in female enrolments during the past decade. In fact, all fields of study have shown increases in female enrolments over this period. Engineering has either made slow progress into double figures or a dramatic threefold increase over the 1983 to 1999 period, depending on how it is viewed. If the period of analysis is extended to the early 1970’s when fields of study such as veterinary science and law showed 5 to 10% women students, the picture for engineering is more puzzling. Women and men are now choosing law and science in roughly equal numbers, whereas engineering comprises 86% male students. 

There is a further complication, in that there are large variations from campus to campus and between fields of engineering. Engineering enrolments on some campuses showed no women students participating, whereas other campuses showed up to 35% women students. The aggregate data also hides the different numbers in different year levels. A female student can still be the “only woman” studying a particular year level or subject in some areas of engineering. 

The table below summarises the trends in engineering for all levels of engineering study during the period 1980 to 1999. The time of most rapid increase in female students was over the period from 1986 to 1990 where a 1% increase per year occurred. The increase then slowed to intervals of 1% (1991 to 1992), 0.7% (1992 to 1993), 0.6% (1993 to 1994), and has ‘plateaued’ around increases of 0.3 or 0.4% per year from 1994 to 1999. 

Year 
Females’ % share of engineering 
Overseas students % share of engineering 
Engineering % share of all students

1980
3.3
8.4
6.9

1981
3.8
8.5
7.3

1982
4.4
9.3
7.7

1983
4.6
9.5
7.9

1984
4.9
12.0
7.9

1985
5.2
13.0
7.7

1986
5.6
13.1
7.5

1987
6.7
12.2
7.6

1988
7.8
10.8
7.4

1989
8.9
11.6
7.5

1990
10.1
10.0
7.4

1991
10.8
9.7
7.5

1992
11.8
9.8
7.8

1993
12.5
10.0
7.9

1994
13.1
10.2
8.1

1995
13.4
10.6
8.0

1996
13.8
11.6
7.7

1997
14.2
12.5
7.6

1998
14.4
13.1
7.4

1999
14.8
14.3
7.4

Table 7: Trends in engineering areas of study

Source: Lewis, S, Harris, R, Cox, B, 2000, Engineering a Better Workplace, Institution of Engineers, Canberra, pp. 8, Tables 2.

Mechanical, electrical and aeronautical have the lowest female enrolments (along with marine engineering). Electrical and electronic engineering has increased its share of women students over the past five years to 14.3% and this trend may be in response to the proliferation of telecommunication and fibre optics/robotics courses, as well as the trend toward specialist niche marketing of higher education study. 

Civil and chemical engineering numbers may have benefited from the popularity of environmental engineering with women (environmental engineering courses have no separate classification at present and appear according to individual faculty organisational factors and have no separate DETYA classification). 

Field of engineering
1989
1994
1999

Chemical
22.1
31.9
32.2

Metallurgy, Minerals
9.7
18.0
19.5

Industrial
10.8
15.3
14.1

Surveying
11.6
14.0
14.9

Civil, Structural
8.3
13.4
14.2

Engineering, general
12.2
13.2
13.5

Aeronautical
9.8
10.9
10.7

Electrical, Electronic
5.9
9.1
14.3

Mechanical
4.2
7.2
7.7

Marine
0
3.8
6.1

Table 8: Fields of engineering

Source: Lewis, S, Harris, R, Cox, B, 2000, Engineering a Better Workplace, Institution of Engineers, Canberra, pp. 9, Tables 3.

5.
Retention of university staff

The major factors identified as influencing the inability of universities to retain staff include lower pay levels in comparison to overseas, tenure availability, and availability of resources to assist in teaching.

6.
Regulation of the higher education sector

Accreditation of higher education sector must be undertaken in a cohesive and world recognised manner. 

Not long ago, the credentials needed to practice engineering were relatively well-known.  A recognised degree in engineering;  some years of varied work experience with a good employer, preferably in the form of a structured development program;  corporate membership of a respected professional association; and in some countries and some branches of engineering, registration with a publicly-constituted licensing board. However, there are now a range of forces that are changing the way engineering graduates operate in the workforce. For instance, 

· Global competition is forcing businesses to cut costs and invest less in staff development.

· The half-life of knowledge is shortening and the skills and attitudes needed to practice engineering are changing.  Many traditional engineering functions are now automated.

· The Internet and market forces are changing the character of post-secondary education and promoting flexibility, diversity and multiple pathways to competency.

· Young people are looking to far greater career mobility, nationally and internationally.

· In some countries, professions are losing their monopoly on the delivery of expert services, and must compete on open markets where cost, not quality, is often the dominant factor.

· Communities are less willing to accept risk, and are also sceptical of claimed professional standards.

· Standards and business rules are becoming international.

Amid this dynamic interplay of forces, it is a challenge for any profession to maintain a system of credentials, which simultaneously guarantees standards and responds to change. A careful balance is needed between conservatism and innovation.

In this context, IEAust undertakes an accreditation program for universities programs and courses.  Traditionally, like many accrediting bodies around the world, IEAust’s approach was based mainly on curriculum content, as well as measures of institutional capability such as the number and qualifications of staff, resources and facilities, etc.  Recently, our approach has changed in several important ways.

IEAust accreditation policy now requires each engineering school to demonstrate that its graduates in all fields of engineering possess, in substantial degree, the following generic attributes:

· Ability to apply knowledge of basic science and engineering fundamentals.

· Ability to communicate effectively, both with engineers and with the community at large.

· In-depth technical competence in at least one engineering discipline.

· Ability to undertake problem identification, formulation and solution.

· Ability to utilise a systems approach to design and operational performance.

· Ability to function effectively as an individual and in multidisciplinary and multicultural teams, with the capacity to be a leader or manager as well as an effective team member.

· Understanding of the social, cultural, global, and environmental responsibilities of the professional engineer, and the need for sustainability.

· Understanding of the principles of sustainable design and development.

· Understanding of professional and ethical responsibilities.

· Expectation of the need to undertake lifelong learning, and capacity to do so.

IEAust looks upon accreditation as a community of interest between the profession and its educators.  IEAust does not impose accreditation. Universities need only submit their programs if they wish, and will only do so if they think it worthwhile.  Deans of engineering schools confirm that they see value in a credential validated by an external body as an objective measure of quality that is internationally benchmarked.

In maintaining and developing its system of credentials, IEAust is acutely conscious of the importance of international benchmarking.  Almost all engineering work now has international implications of some kind. Many engineers will practice internationally at some time, and require portable credentials. As well, many engineers now living and working in Australia gained their qualifications and experience overseas.  

IEAust was a founding member of the Washington Accord, an international agreement recognising equivalence of accreditation systems for the professional engineering degree in the signatory countries. It is also a member of the Engineers Mobility Forum, relating to mutual recognition of experienced practitioners.  Both of these are agreements between professional engineering bodies.  IEAust is also closely involved with the APEC-Engineer Register, recently inaugurated after several years of careful development.  This is an inter-governmental agreement, seen as a major milestone in the international recognition of professional credentials by governments and in the removal of barriers to trade in professional services.  

IEAust’s membership of these agreements actively networks us with counterpart bodies in Canada, Hong Kong China, Indonesia, Ireland, Japan, Korea, Malaysia, New Zealand, the Philippines, South Africa, Thailand, the United States, the United Kingdom, and Vietnam.  In addition, we have some fifty mutual recognition agreements with engineering bodies around the world.  

On behalf of the Australian Government, we assess the engineering qualifications of persons applying for immigration (as well as processing applications from overseas-qualified candidates for membership of IEAust).  Where the qualification is not recognised under a formal agreement, we request a competency demonstration report and make our assessment on that basis.

7.
Sufficiency of engineering graduates

Science, engineering and technology are major contributors to the Australian economy, particularly through the contribution both make to the innovation process. However, it is not unusual to hear the word science being used as a substitute for engineering. For instance, statements such as, “for science, read engineering and technology” are not uncommon. Unless the distinct differences between science and engineering are recognised, neither will be targeted specifically enough to gain their individual and important benefits. 

Engineering provides a bridge between science and technology, and between technology and commerce. It plays an essential part in meeting the material requirements of society and in the generation of wealth.  It is the engineers who translate technology into the resources and products of the future. Scientific research does not by itself easily translate into technical practice.  

In other words we need both science and engineering contributing each of their strengths - Science in the discovery, and Engineering in the application. The real concern therefore in using the term “science”, interchangeably with “engineering”, is that we are not clearly differentiating the contribution both have to offer.

Australia is experiencing a growing shortage of graduates across the science, engineering and technology (SET) base. For engineering, anecdotal evidence suggests that there are shortages in rail, power, software and systems engineers. Other areas have yet to be examined. 

The number of enrolments, particularly in the engineering field, is declining.  Commencing student numbers in engineering have not increased for five years.  In 1998, only 7% of degrees awarded in Australia were in the essential “translator” areas of engineering and technology (converting ideas into internationally competitive products, processes and services) placing Australia at the bottom of the international league.  (By comparison, Finland had 26%.)   

Country
Number of graduations in engineering relative to population (per million)
Country
Number of graduations in engineering relative to population (per million)

Singapore
837
Belguim
445

Korea
790
Ireland
442

Japan
790
Switzerland
436

Finland
697
United Kingdom
400

Denmark
650
France
355

Taiwan
569
Australia
294

Norway
502
Sweden
285

Germany
498
Italy
158

Netherlands
493
Austria
146

Table 9: Engineering Graduates Relative to Population

Source: Lloyd, B (Principal author and editor), Ferguson, C., Palmer, S. & Rice, M, 2001 (forthcoming), Engineering the Future, Association of Professional Engineers, Scientists and Managers in association with Histec Publications, Melbourne.

The balance between SET fields of study, in particular between engineering and the sciences is also out of alignment, with Australia currently producing twice as many scientists as engineers. 

Within OECD countries, Australia produces the lowest percentage of engineering graduates and the highest percentage of biological scientists. This comes at a time when we should be at least be equally focused on converting ideas into products, as we are with discovering new ideas. 

Country
Engineering graduates as a proportion of all graduates %
Country
Engineering graduates as a proportion of all graduates %

Singapore
28.4
Korea
16.2

Finland
25.1
Sweden
15.9

Belgium
22
Denmark
15.2

Germany
20.6
Norway
11.5

Japan
19.7
Ireland
11.3

France
18.7
Austria
10.3

Switzerland
17.9
United Kingdom
9.3

Taiwan
17.7
Italy
8.7

Netherlands
16.7
Australia
6.2

Table 10: Engineering graduates as a proportion of all graduates 

Source: Lloyd, B (Principal author and editor), Ferguson, C., Palmer, S. & Rice, M, 2001 (forthcoming), Engineering the Future, Association of Professional Engineers, Scientists and Managers in association with Histec Publications, Melbourne.

Note: The data for all countries relate to 1994 except in the case of the following countries which are listed together with the appropriate years to which their data relate: Australia-1998;United States and the United Kingdom-1996;Japan,South Korea, Republic of China, Austria and Switzerland-1995; Belgium, Denmark, Ireland; the Netherlands-1993, Singapore-1999.

Sources: Derived from data published in :-

1. National Science Board "Science and Engineering Indicators-1998, Arlington, VA: National Science Foundation 1998 (NSB 98-1)

2. "Yearbook of Statistics 2000", Department of Statistics, Singapore 2000.

3.
Department of Education, Training and Youth Affairs, Canberra, personal communication.
If Australia is serious about developing an innovative culture, these imbalances need to be addressed.  Australia needs to produce more scientists, engineers and technologists, but also monitor the ratio of graduates across the SET fields to ensure sufficient numbers of both generators of new ideas and translators of them into innovative commercial products for the world market.  

Long term strategies need to be implemented if Australia is not to face serious SET shortages. 

In addition to falling graduation numbers in the SET skills areas, Australia is increasingly loosing many of its graduates to overseas markets. Many graduates go overseas for the greater research opportunities offered in specialised areas of R&D.  If this trend were temporary there would be long term benefits for Australia through improved international research linkages.  

However, the loss is increasingly of a more permanent nature and is being exacerbated by the growing disparity between salary opportunities for new graduates overseas compared to Australia.  For example, starting salaries for graduating engineers in the US are currently running at an all-time high, with nearly 60% of this year’s US graduates reported to be commanding more than $95,000 (US$52,500) compared with $35,000 for Australian graduates.  Australia cannot hope to retain its best graduates if these disparities continue. Australia must therefore develop strategies to ensure "brain re-gain" occurs.

Government must urgently undertake a more detailed review of why science and engineering graduates remain at less than 20% of total university completions.  Some issues that need to be investigated are whether disparities in HECS fees is influencing course selection, and how quickly will the efforts to raise SET awareness in the schools impact on university enrolments across the SET fields of study.

___________________________

