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This report aims to give a ‘snapshot’ of the science sector in Queensland It provides a summary of Queensland’s science and R&D
capabilities and capacity, and has been structured to examine these important areas:
1.
2.
3.

People and skills
Investment and infrastructure
Collaboration and translation.

In each of these sections we provide some key observations and recommendations about the state’s science capability for the future, with
particular reference to the Four Pillar Economy and the government’s relevant election commitments. It is intended that the report will be used
to inform policy-makers as they plan for the future.
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The Queensland Government supports and encourages the dissemination and exchange of public sector information.
The copyright in this publication is licensed under a Creative Commons Attribution 3.0 Australia (CC BY) licence. To view this licence please visit
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Under this licence you are free to use this publication in accordance with the licence terms without having to seek permission from DSITIA. You must keep intact the copyright notice and
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contain different copyright conditions - as indicated.
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Key observations and recommendations
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1.

Queensland governments have invested a considerable amount in research and
development (R&D) over the past decade or so. We should continue to build on this
substantial sunk investment and maintain momentum to underpin innovation and help
drive economic growth. Continuity is cheaper than discontinuity. We have an array of
world-class research infrastructure coming on stream. This and other resources should be
used to continue to attract and retain top talent who can undertake the research necessary
to address the state’s key challenges and opportunities.

2.

We must seek to make appropriate investment in R&D to unleash the potential of science
and to continue to leverage other funding sources. Queensland’s businesses, universities and
governments all need to contribute. Queensland investment in R&D is low by national and
international standards. We should consider investing a higher percentage of our Gross State
Product (GSP) – e.g. to the national average - in R&D by 2020. We also need to ramp up our
performance in leveraging commonwealth R&D funding as we do poorly in comparison to
other major states.

3.

Science and R&D is the ultimate people business. Bright, skilled and passionate people
are the basis of research achievement and its effective application. There has been strong
growth in the Science, Technology, Engineering and Mathematics (STEM) skilled workforce
in Queensland over the last decade. By way of contrast (and mirrored elsewhere across
Australia), there is declining interest from students in many STEM subjects at school and
university. Engagement of students in STEM subjects at primary school is critical. We
should ensure we have a pipeline of training from Prep to PhD – and beyond - that doesn’t
leak and delivers both the quality and quantity of STEM skills Queensland needs, now and
in the future, to underpin a strong economy and quality of life.
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Key observations and recommendations
4.

Collaboration is king. The increasing scale and complexity of scientific challenges – and
our (relatively) modest resources - means we need to continue to partner strongly and learn
from others across countries, subjects and sectors. Queensland has a relatively strong and
growing international collaborative base, but we must continue to keep an eye on emerging
scientific powerhouses – like China and India – and increase partnering with them.

5. Too much of our quality research is still lost in translation and not effectively applied to
improve either the economy of Queensland and/or the quality of life of Queenslanders. We
need to substantially improve linkages between R&D and the frontline where it can be
applied and have impact – be they businesses, healthcare providers or government policy
makers. We also need to consider greater alignment between research efforts in our
business and academic sectors and, most importantly, seek to ensure greater mobility of
researchers between sectors.
6. There are far more worthwhile topics to investigate than there is funding or people to
undertake the investigations. Queensland therefore needs to focus its research efforts. This
does not mean putting all our eggs in one basket, but rather investing in niches across a
range of areas of particular benefit, or challenges, to Queensland. We need to ensure we
simultaneously have an appropriately diversified scientific portfolio, but with designated
scale for optimum impact.

Health of Queensland Science, Office of the Queensland Chief Scientist
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Introduction
‘I t is scie n ce a lo n e t h a t ca n so lve t h e p ro b le m s o f
h u n ge r a n d p o ve rt y, o f in sa n it at io n a n d illit e ra cy, o f
su p e rst it io n a n d d e a d en in g cu st o m a n d t ra d it io n , o f
va st re so u rce s ru n n in g t o wa st e , o f a rich co u n t ry
in h a b it ed b y st a rvin g p e o p le . . . W ho in deed co uld
a ff o rd t o ign o re scie n ce t o d a y? A t e ve ry t u rn we h a ve
t o se e k it s a id . . . T h e f u t u re b e lo ngs t o scie n ce a n d
t h o se wh o m a ke f rie n d s wit h scie n ce . ’
Jawaharlal (Pandit) Nehru (1961)
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Introduction and background
• Queensland has invested heavily in science and research.
Between 1998 and 2011, the Queensland Government
spent $4.9 billion on science, innovation and skills;
leveraging an additional $3.3 billion to provide an overall
investment of $8.2 billion.
• The Queensland Government has identified agriculture,
construction, resources and tourism as the ‘four pillars' of
the Queensland economy that will drive economic growth,
job creation and prosperity.
• Campbell Newman MP, The Premier of Queensland said, in
his ‘State of the State’ address (at the Committee for
Economic Development luncheon on 19 September 2012),
‘the foundation on which those pillars are being built ...
creativity, scientific support, R&D, technological grunt ...
must be allowed and encouraged to flourish.’14

• Also relevant to this report, are two of the government’s
election commitments:
o ‘to rebuild our State’s practical and applied
scientific and technology capability, including by
partnerships with Queensland’s universities, to
provide practical research that boosts the four
pillars of our economy – agriculture, mining,
construction and tourism’
o ‘to ensure that “the Chief Scientist will be properly
in charge of science policy, and enable the State’s
science efforts to be directed towards meeting our
economic challenges.”’

Health of Queensland Science, Office of the Queensland Chief Scientist
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Our productivity challenge

% change
3.5

Multifactor productivity
Annual per cent change, five year rolling average
Queensland

1

Australia

“I n t h e lo n g ru n , p ro d u ct ivit y isn ’t
e ve ryt h in g, b u t it ’s a lm o st e ve ryt h in g”
Professor Paul Krugman, Princeton University
Nobel Prize for Economics (2008)

3.0
2.5
2.0
1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5

• Productivity is a measure of how efficiently a society
employs finite resources such as land, labour and
equipment to make goods and services.
• In the long run, productivity will principally drive the
prosperity of Queensland and the nation. However,
Queensland’s multifactor productivity has been in
decline for a number of years.
• Australia ranks second last (out of 51 countries) for
total factor productivity growth and 30th in the rate of
productivity growth over the past decade2.
• 62 per cent of Australia's economic growth between
1964-65 to 2004-05 was due to growth in multifactor
productivity3.

Sources: 1. OESR, 2012; 2. Economist Intelligence Unit Workplace Flexibility Index 2011; 3. Barnes P & McClure A (2009) Investments in Intangible Assets and Australia’s Productivity Growth,
Productivity Commission Staff Working Paper, Canberra. Cited in DIISR (2011) Australian Innovation System Report, Department of Innovation, Industry, Science and Research, Canberra.
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The role of science and innovation
• Innovation – being the successful application
of ideas – is key to boosting productivity.

creates

• Science and R&D produce new inventions,
ideas and knowledge. Effective translation of
these leads to innovation.

Science/R&D
investment

Innovation and
knowledge

• A one per cent increase in business R&D can
trigger a 0.13 per cent increase on multifactor
productivity1.
• A one per cent increase in publicly funded
R&D (including higher education) can trigger a
0.17 per cent increase on multifactor
productivity1.

supports
powers

Economic growth
and improved
quality of life

Source: 1. Prof J Haskel, Imperial College, London (2010)
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Why governments invest in science
Stimulating
economic growth

Anticipating
change
Plan for
the future

Custodian

Addressing
market failure

Enhance
productivity
growth

Economic
competitive
advantage

Manage
natural
resources

Investment attraction
(money and talent)
Brand
Building

Why do
governments
invest in
science?

Nurture
future
industries

Preparedness

Improve
service
delivery

Meet moral
obligations

Health and
community wellbeing

Anticipating
emergent
issues and
crisis
response

Inform
public
policy

Government
effectiveness

Decision support
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People and skills
‘Na t u ra l re so u rce we a lt h b y it se lf is n o t t h e b a sis o f
su st a in e d gro wt h . . . S u st a in able we a lt h cre a t io n is
u lt im a t e ly b u ilt o n p e o p le, h u m a n ca p it a l a n d
kn o wle d ge . ’
Professor Michael Spence, Nobel Prize for Economics (2001)

Health of Queensland Science, Office of the Queensland Chief Scientist
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Queensland’s STEM workforce
2001-2002
STEM
Occupations
8.1%

All Other
Occupations
91.9%

STEM
Managerial
0.3%

ICT
Professionals
1.0%

Health
Professionals
3.3%

• In 2011-12, more than 245,000
Queenslanders were clearly and
directly employed in STEM-related
occupations*.

Engineering,
ICT and
Science
Technicians
2.0%

Science
Professionals
0.7%

• That represents approximately 10.5
per cent of the total workforce – up
from 8.5 per cent a decade ago.
• The general Queensland labour force
grew at an average of 3.6 per cent
per annum between 2001 and 2011,
but STEM employment grew at more
than twice this rate (7.7 per cent per
annum on average).

STEM Managerial
0.5%
ICT Professionals
1.3%

2011-2012

All Other
Occupations
89.5%

STEM Occupations
10.5%
Health Professionals
4.7%

Engineering, ICT and
Science Technicians
2.0%

Engineering
Professionals
1.2%

Source: ABS Labour Force, Australia Catalogue # 6202.0
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* Note: The STEM-related workforce was defined
here by the following occupations categories and
codes: Engineering Professionals (234), Natural
and Physical Science Professionals (235) [also
including Actuaries, Mathematicians and
Statisticians (2241)], Health Professionals (25),
ICT Professionals (26), STEM Managers
[encompassing Research and Development
Managers (1325), Engineering Managers (1332),
ICT Managers (1352)], Engineering, ICT and
Science Technicians (31). STEM skills will also be
relevant in other occupations not captured under
this definition.

Science
Professionals
0.9%
Health of Queensland Science, Office of the Queensland Chief Scientist

Australia’s STEM workforce
Despite the impressive growth in the STEM-related workforce in Queensland, the proportion of people employed in this area is still below the
national average (11.1 per cent) and other large states.
16%

National STEM workforce 2011-2012
14%
6.4%

% of total employed

12%
10%
8%
6%

2.3%
0.7%

0.7%

1.9%

1.9%

1.1%

1.3%

0.9%

0.9%

4%
2%

2.2%

1.4%
0.4%

1.3%
0.5%

1.5%
0.5%

2.0%

2.9%

1.9%
1.2%

0.9%
1.0%

0.9%

1.6%

0.7%
0.3%
1.4%

1.1%
0.6%
2.1%

0.9%

0.6%

1.8%

1.4%

2.0%
1.5%

2.0%
2.5%
1.2%
0.8%

1.3%

0.6%

1.0%

1.6%
4.3%

4.1%

4.7%

VIC

QLD

4.2%

4.2%

4.6%

WA

TAS

5.0%

4.3%

2.9%

0%
NSW

SA

NT

ACT

Health Professionals

Natural and Physical Science Professionals

Engineering Professionals

Engineering, ICT and Science Technicians

STEM Managerial

ICT Professionals

AUS

Source: ABS Labour Force, Australia Catalogue # 6202.0
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% of International Average Score = 100%

Queensland school maths and science literacy
125%

• TIMSS1 and PISA2 are international surveys of
primary and secondary student scientific and
mathematical attainment and literacy.

120%

• Queensland is substantially behind the
performance of our East Asian neighbours at all
education ages.

115%

• Queensland Year 4 students, on average, are
generally below Australian averages in both
science and maths.

110%

• Year 8 performance is somewhat better for
science, but still only at the Australian average.
Maths performance is actually below the
international average.

105%

• Our 15 year olds perform above international
average and slightly above the national average.
However, just 18 per cent achieved the highest
benchmarks compared to 36 per cent in
Singapore and 51 per cent in Shanghai, China.

100%

95%
Y4 Science
(TIMSS)
SINGAPORE
Australia

Y4 Maths
(TIMSS)

Y8 Science
(TIMSS)

HONG KONG
Queensland

Y8 Maths
(TIMSS)
JAPAN
SWEDEN

15 y/o
Science
(PISA)

15 y/o Maths
(PISA)
USA
AVERAGE

Sources: 1. TIMSS = Trends in International Mathematics and Science Study. Data Source: ‘Highlights from TIMSS & PIRLS 2011 from Australia’s perspective’, ACER; 2. PISA = Programme for
International Student Assessment’. Data Source: ‘Challenges for Australian Education: Results from PISA 2009’, ACER
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STEM teaching in Australia

100%
90%

Primary school
teachers1

Junior secondary
science teachers 2

Middle secondary
science teachers 2

1.7
1.7
4.1

12.8

15.6

5.4
3.7

2.4
2.4
4.8

Year 12 subject
teachers 2

6.8
32.6

80%

35.3

11.2

12.4

48.2

49.9

70%

61.9

60%

17.7

75.9

31.9
32.1

19

50%
90.4

40%

92.5

84.1
27.3
19

17.7

30%

27.5

44.1

20%
23.9

10%

22.4

14.4

39.9

18.2

0%

Years of Tertiary Education:

Nil

1 Year

2 Years

13.1

• At Year 12, most science subjects are taught by
dedicated subject teachers. Most of these
specialised teachers have educational
attainment in their teaching areas. However, a
significant fraction are teaching science subjects
with little (one or two years) or no tertiary
science subject training – one quarter in
chemistry and more than one third in physics.

18.7

4.6

23.7

• In junior and middle secondary schools, science
teachers have a greater tertiary science
educational attainment, but a large fraction have
two or fewer years. More than one third of junior
and middle secondary science teachers have no
substantial tertiary physics education.

84.2

9.1

8.5

• In primary schools - where our students are below
the national average in science - most Australian
teachers do not have a tertiary background in the
major traditional sciences.

6.6

7.7

4.6

3.3

5

3+ Years

Sources: 1. Staff In Australia’s Schools 2010: Main Report On The Survey. Australian Council for Educational Research (2011); 2. Who’s Teaching Science? Meeting the demand for qualified
science teachers in Australian secondary schools. Australian Council of Deans of Science (2005).
Health of Queensland Science, Office of the Queensland Chief Scientist
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Year 12 STEM subjects
Year 12 STEM subject enrolments in Queensland

• The proportion of all
Queensland 17-year-olds
studying the major science
subjects in Year 12 has been in
decline since the early 1990s –
a pattern which has continued
over the past decade.

45%
42.3%
39.3%

40%
2002

2012

% of 17 Year Old Age Cohort

35%
31.0%

• Between 2002 and 2012 the
proportion studying biology,
chemistry, physics, maths B
and agriculture science have all
declined.

30%
27.2%

25%

22.7%
21.6%

20%
16.3%
14.8%

15%

13.0%
11.4%

10.6%

10%
6.7%
5.9%

5%

4.3%

3.6%
1.6%1.0%

0.5%0.7% 0.5%1.0%

1.0%

3.4%3.1%

3.4%2.9%

• However, there has been an
increase in those studying
some non-traditional science
subjects such as engineering
technology and information
technology systems, though
enrolment numbers in these
subjects are comparatively low.

0%
Note: Total number of students enrolled
at all Queensland schools in Year 12 in
2002 = 38,441; in 2012 = 47,209.

Source: Queensland Studies Authority, http://www.qsa.qld.edu.au/617.html
16

Health of Queensland Science, Office of the Queensland Chief Scientist

Year 12 STEM subjects
• The decline in proportion of all 17year-olds studying the ‘big three’
traditional science subjects
(chemistry, biology and physics) in
Year 12 has been evident since 1992.

% Change in Proportion of all 17 Year olds studying/achieving:

STEM subject levels of achievement in Queensland, 1992-2011
60%
41%

40%
22%

20%

• However a closer look reveals an
interesting pattern: the decline in the
relative numbers of Year 12 students
studying these subjects in this period
has been seen mostly in students with
a ‘Low’ or ‘Very Low’ achievement.

19%

0%

-20%

-14%

-9%-10%
-13%

-14%
-18%

• Increased subject choice is also likely
to have impacted on the uptake of
traditional STEM subjects in the past
decade. Some will have moved to
new generation (or non-traditional)
STEM subjects, but others will have
been ‘lost’ from the STEM talent
pipeline.

-23%
-30%

-34%

-40%

-47%

-60%

-55%
-63%

-74%

-80%

Biology

Chemistry

-83%

Physics

-80%

-100%
Overall

Very High
Achievement

High
Achievement

Sound
Achievement

Low
Achievement

Very Low
Achievement

Note: Total number of students enrolled at all
Queensland schools in Year 12 in 1992 = 35,501; in
2011 = 46,079

Source: Queensland Studies Authority, http://www.qsa.qld.edu.au/617.html
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Queensland university STEM
Agriculture &
Environmental
2,939
2%

All Qld domestic students (2011)

Other
106,815
61%

IT
4,741
3%

Science

IT

Engineering

• STEM-related fields account for 39 per cent of the
total with a large component of this in the health
category (19 per cent).

Health
33,556
19%

Engineering
13,745
8%

STEM
60,922
39%

• There were nearly 165,000 undergraduate and
postgraduate domestic students studying at
Queensland universities in 2011.

• Proportions are generally similar at undergraduate and
postgraduate levels, but STEM fields are slightly better
represented at the undergraduate level.

Science
13,236
7%

Agriculture & Environmental

Undergraduate Qld domestic students (2011)

2,233
2%

Health

Other

Postgraduate Qld domestic students (2011)
706
2%

12,330
9%
80,624
58%

50,342
42%
3,996
3%

27,398
20%

19,203
64%

10,944
36%

1,415
5%
745
3%

11,316
8%

6,158
20%

1,920
6%

Source: Department of Industry, Innovation, Science, Research and Tertiary Education, uCube, http://www.highereducationstatistics.deewr.gov.au/
18

Health of Queensland Science, Office of the Queensland Chief Scientist

Queensland university STEM
100%

Domestic Enrolments Per 100,000 Population 1,2

700

% Change/Difference

800

60%

Qld 2011 vs. Aus 2011

40%
20%

29%
13%

• Per capita, Queensland’s natural and
physical science (science) enrolment rates
are 16 per cent below the national average
and 4 per cent below 2001 levels.

16%

• Queensland engineering enrolments
rates per capita are above the national
average and have grown by nearly 30 per
cent since 2001.

0%

-20%

600

83%

Qld 2011 vs. Qld 2001

80%

-40%

-4%
-16%

-5%

-6%
-41%

-60%

-57%

-80%

500

Science

IT

Engineering

Agriculture &
Environmental

• The popularity of IT has plunged across
the nation since 2001. Our enrolments
are close to the national average.

Health

400

• Agriculture and environmental enrolments
per capita have also declined in
Queensland, and nationally, since 2001.
We are close to the national average.

300

• Health enrolments per capita have grown
by more than 80 per cent in Queensland
since 2001 and are now 16 per cent
above the national average.

200

100

0
Science
Queensland 2001

IT

Engineering

Queensland 2011

Agriculture &
Environmental

Australia 2001

Health

Australia 2011

Sources: 1. Department of Industry, Innovation, Science, Research and Tertiary Education, uCube, available at http://www.highereducationstatistics.deewr.gov.au/; 2. ABS, Australian
Demographic Statistics, Cat # 3101.0
Health of Queensland Science, Office of the Queensland Chief Scientist
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University STEM gender balance
University gender balance in Queensland
(All Domestic Enrolments, 2011)

• In 2011, 60 per cent of
Queensland’s domestic university
students were female.

100%
17%

90%

14%

• Women are heavily underrepresented in engineering and IT.

80%
53%
60%

70%
66%
73%

• Women are somewhat overrepresented in both agriculture &
environmental and health
courses.

60%

50%
83%

40%

• Women are slightly underrepresented in natural and
physical sciences (science).

86%

30%
47%

40%

20%
34%
27%
10%

0%
Science

IT

Engineering
MALE

Agriculture &
Environmental

Health

All Courses

FEMALE

Source: Department of Industry, Innovation, Science, Research and Tertiary Education, uCube, available at http://www.highereducationstatistics.deewr.gov.au/
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STEM vocational education and training
Agriculture &
Environmental
13,099
4%

Qld VET students (2011)

Other
209,116
68%

Engineering
64,578
21%

Other
96,715
32%

Health
14,421
5%

Science
1,243
1%

IT
3,374
1%

Qld VET qualification level (2010)

• However, the proportion studying the various STEM
areas in the VET sector is very different to the
university sector. Engineering predominates at 21
per cent with traditional science areas accounting
for less than 1 per cent of students.
• In 2010, 93,500 Queenslanders earned a formal
Australian Qualifications Framework award
(Certificates I to IV, Diploma or higher).
• Lower and middle qualification levels (Certificates I
to III) tend to predominate in IT and agriculture &
environmental domains while Certificate IV and
higher account for a relatively larger proportion of
engineering, science and health qualifications.

60%
% of All AQF* Qualifcations

• 306,000 Queenslanders studied a vocational
education and training (VET) subject, course or
qualification in 2011. The proportion of these
undertaking a STEM-related course is similar to those
in the academic university sector.

50%
40%
30%
20%
10%
0%
Diploma or
higher
Science

Certificate IV

Engineering

IT

Certificate III

Certificate II

Agriculture & Environmental

Certificate I
Health

Source: The National Centre for Vocational Education Research, VOCSTATS, available at http://www.ncver.edu.au/resources/vocstats/register.html
Health of Queensland Science, Office of the Queensland Chief Scientist
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Research career paths
What the Australian system does badly: the view of researchers
Some conflicting views
Too much reliance
onreliance
short-term
contracts
Too much
on short-term
contracts

‘There has never been a better time to be
a researcher, a scientist, or an engineer in
Australia.’

Inadequate provision of employment
Inadequate
provision
of employment
opportunities
and scholarships
toopportunities
allow new and
scholarships
to
allow
new
post-docs
to establish a…
post-docs to establish a career

Dr. Thomas Barlow, (former Science
Advisor, Commonwealth Minister for
Science & Education) Australian Research:
Strategies for Turbulent Times’, Nov 2011

Limited employment opportunities in universities and
Limited employment opportunities in
national research bodies
universities and national research bodies
Little assistance in career development as researchers
Little assistance
in career
become
moredevelopment
experienced as
researchers become more experienced
Does not provide systematic advice on possible careers
Does not provide systematic
careers advice on
in research
possible careers in research
Little assistance to mid-career researchers to develop
Little
to mid-career
researchers
toand…
theirassistance
careers through
appointments,
scholarships
develop their careers through appointments,
No system toand
encourage
researcher mobility between
scholarships
other funding
universities, industry and government
No system to encourage researcher mobility
Poor
working conditions,
an imbalance
between
universities,
industry including
and government
between teaching and research in universities
Poor working conditions, including an
Inadequate
in universities
andin
national
imbalance
betweensalaries
teaching
and research
research
bodies
universities

‘15 years ago I was the brightest in my
Year 12 class. Most of my former
classmates now earn more than me. And
most also have a lot more job security.’
Sharon, PhD, 33, researcher, Nov 2011

No systematic
approach
to renew an
aging
research
Inadequate
salaries
in universities
and
national
community in universities
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Source: Career support for researchers: Understanding needs and developing a best practice approach. ACOLA (Australian Council of Learned Academies). November 2012. Available at
http://www.tossgascoigne.com.au/docs/CareerSupportForResearchers.pdf
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People and skills: Observations and recommendations
• People with experience, skills and education in STEM areas are
important to power the innovation needed for economic growth
and general social advancement.
• The numbers of people employed in STEM-related occupations
in Queensland have risen more than twice as fast as the
general labour market over the past decade, indicating strong
demand for STEM skills and training. Retaining this talent in the
state and maintaining the momentum that has been generated
should be a priority.
• The pipeline of STEM talent must be nurtured – from Prep. to
PhD, and beyond – in both the academic and vocational
educational sectors – to ensure we have sufficient quality and
quantity of such talent, not just to meet demand but to drive it.
There is some evidence that the pipe is leaking people at crucial
points – from middle to high school, high school to university
and undergraduate to postgraduate.
• There is a long-term decline in the number of students studying
STEM subjects at school. Actions – including better pre- and inservice teacher training – should be taken to arrest this decline
and ensure we have both sufficient quantity and quality of
STEM skills into the future.

• Compared to international competitors, there appears to be
plenty of room for improving the quality of our science and
maths performance – particularly at primary school. In the
shorter term, our target should be catching-up, just to match
average international performance. But in the medium term we
must aim to match the best performers.
• Undergraduate, PhD and early to mid career researchers
should have access to continuous professional development
opportunities outside their specific scientific expertise to ensure
they emerge from a pipeline to a flexible platform of
opportunities. For example, quality time spent in industry would
allow some researchers to aid research translation and
contribute their generic analytical and creative skills and training
in other endeavours.
• We should take full advantage of the opportunities that exist for
programs offered by organisations to improve students’
engagement in STEM education. For example, CSIRO’s
Scientists in Schools and Double Helix programs and the
Australian Academy of Technological Sciences and
Engineering’s STELR and Wonder of Science programs.

• Girls and women are heavily under-represented in many areas
of STEM study at secondary and tertiary levels. Engaging their
interest in these areas is important to increase our supply of
STEM skills.

Health of Queensland Science, Office of the Queensland Chief Scientist
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Investment and infrastructure
‘S cie n ce is n o t d o n e givin g u s b e t t e r a p p ro ach es, n o t
d o n e in t e rm s o f h o w we d o e d u ca t ion, it ’s n o t d o n e in
t e rm s o f m e d ical a d va n ce s, it ’s n o t d o n e in t e rm s o f
a gricu lt u ra l im p ro ve m en t s. (A n d ) t h e b ig re a so n wh y
t h e wo rld is so m u ch b e t t e r t o d a y t h a n 2 0 ye a rs a go ,
5 0 ye a rs a go , 1 0 0 ye a rs a go , is t h e in ve st m e n t in
in n o va t io n. ’
Bill Gates (2011)
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Overview of the Queensland R&D landscape

• Queensland’s share of global R&D has been estimated to be 0.18 per
cent2.
• 60 per cent of the total spend in Queensland was by the business sector
($2.3 billion) and 27 per cent was by the higher education sector ($1.06
billion)1. The Organisation for Economic Co-operation and Development
(OECD) average for business and higher education as a percentage of
GERD is 67 per cent and 18 per cent respectively.

GERD intensity over time
(1995-2009) 1,6
GERD Intensity (% GDP or GSP)

• In 2008-09, Queensland’s Gross Expenditure on R&D (GERD) was $3.9
billion1. This is just 14 per cent of Australia’s GERD when our share of the
economy and population is nearly 20 per cent.

2.5%
2.0%
1.5%
1.0%

0.5%
0.0%
1995

1997

1999

Queensland

• The Australian Government’s support for science, research and
innovation in 2011-12 was $9.3 billion4. By comparison, Toyota Motor
Corporation’s R&D spend in 2012 was US$9.9 billion and Novartis AG, a
diversified healthcare company, spent US$9.6 billion5.

2001

2003

Australia

2005

2007

2009

OECD Average

Comparison of R&D investment* 1,4,5
12

$ Billions

10
8
6
4
2
0
Sources: 1. ABS, Research and Experimental Development, All Sector Summary, Australia, 2008-09 Cat
# 8112.0; 2. Queensland Chief Scientist Annual Report 2011; 3. Queensland Government R&D
expenditure report 2011-12, Office of the Queensland Chief Scientist. DISITIA; 4. The Australian
Government’s 2012-13 Science, Research and Innovation Budget Tables; 5. Booz and Co’s ‘Making
Ideas Work: The 2012 Global Innovation 1000 Study’; 6. OECD, Main Science and Technology Indicators
Health of Queensland Science, Office of the Queensland Chief Scientist

Australian
Govt

Toyota

Novartis

Qld

NSW

Vic

WA

Business Expenditure on R&D (BERD)

Government Expenditure on R&D (GovERD)

Higher Education Expenditure on R&D (HERD)

Other

* Note: Qld data is from 2008-2009. Other data is from 2011-2012.
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Overview of the Queensland R&D landscape
R&D intensity 1,2
(2008-09 - latest available data)
4.00
3.7 3.7

GERD as a % of GDP/GSP

3.50

3.4
3.0

3.00

2.8 2.8
2.7

2.50

2.4
2.1

2.00
1.50
1.00

1.9
1.8 1.8

1.4

1.5 1.5

2.2

3.4

• ‘GERD Intensity’ is the total GERD spend
expressed as a proportion of GSP/GDP. In 200809, Queensland’s GERD intensity was 1.5 per
cent1.
• While Queensland GERD intensity has grown by
more than 50 per cent in the last two decades1,
our investment is still low by international and
national standards.
• Queensland is well behind world leaders such as
Finland (3.7 per cent), Sweden (3.7 per cent),
Japan (3.4 per cent) and USA (2.8 per cent)2.
• It is estimated that for Queensland to meet the
national and OECD averages it would have required
an additional spend of $2 billion and $2.4 billion
respectively in 2011-2012. To become a national
leader in 2011-12 would have required an additional
$3.1 billion investment.

0.50
0.00

‘A n in ve st m e n t in kn o wle d ge p a ys t h e
b e st in t e re st . ’
Benjamin Franklin (1706 – 1790)

Sources: 1. ABS, Research and Experimental Development, All Sector Summary, Australia, 2008-09 Cat # 8112.0; 2. OECD, Main Science and Technology Indicators
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Smart State investment 1998-2011
• Between 1998 and 2011, the Queensland Government invested
approximately $4.9 billion under the ‘Smart State’ banner1. 24
per cent of this was used for buildings (infrastructure), 68 per cent
funded projects, and 8 per cent went to education and skills
programs1.

Total Smart State investment 1998-2011*

$m

(* excludes $100m of new commitments in 2011)

$3,500
$3,000
$2,500
$2,000
$1,500
$1,000
$500
$0

$3,312m

$3,288m

$1,120m
$380m

Buildings

Projects

Skills

Leveraged
Funds

External Smart State investment 1998-2011*
(* excludes $100m of new commitments in 2011)

Internal
$2,988m
62%

External
$1,800m
38%

Buildings
$1,102m
23%

Projects
$628m
13%

• Much of the funding went to support in-house Queensland
Government R&D (nearly $3 billion) while the remainder was
disbursed to external organisations, mainly to support major
infrastructure projects1.

• A further $3.3 billion was leveraged with these investments to
give a total investment of approximately $8.2 billion1.
• The Smart State Investment supported 45 new institutes or
research facilities and 230 fellowships and scholarships2.
• During the Smart State program, the number of publications
authored by Queensland researchers grew by 140 per cent well above the growth rate for Australia as a whole (105 per
cent)3.

Skills
$70m
2%

Sources: 1. Queensland Government R&D Expenditure Report 2010-11, Office of the Queensland Chief Scientist; 2. Audit of Science Investment and Funding Programs, DSITIA (2013);
3. Analysis from the Web of Science (Thomson Reuters) publication database
Health of Queensland Science, Office of the Queensland Chief Scientist

27

Smart State investment 1998-2011
$450

Science investment by R&D objective (total $1,280m)1
$400

$350

Science Investment by Category 1

• Of the $1.8 billion in external Smart State
funding, $1.28 billion was administered by the
Science Development Division of the current
Department of Science, Information
Technology, Innovation and the Arts. A recent
audit investigated this spending in depth1.

$300

Operational
Funding
$192m

$m

$250

Projects
$186m

Skills
$39m

• Under the prevailing ‘Queensland Research &
Development Investment Strategy’2, R&D funding
is categorised under 14 R&D objectives which
are then wrapped-up under six R&D priorities.

$200

Infrastructure
$863m

$150

$100

• The audit identified the Enabling Sciences and
Technologies, Health, Ecosystems, and
Energy and Resources Industries as the major
R&D objectives funded1.

$50

$0

Projects

Skills

Infrastructure

Operational Funding

Sources: 1. Audit of Science Investment and Funding Programs, DSITIA (2013); 2. Queensland Research & Development Investment Strategy 2010-2020
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Smart State investment 1998-2011
Science investment funding by R&D priority 1

Health and
Wellbeing
$318.8m
25%

Tropical
Opportunities
$32.3m
3%
Smart Industries
$258.1m
20%

• Enabling sciences and technologies (31 per cent)
and health and wellbeing (25 per cent) R&D priorities
gained the greatest share of the external Smart State
science funding1.

Safeguarding
Queensland
$1m
1%

($1280m)

• An estimated 65 per cent (or $261 million) of the
Enabling Science and Technologies objective was
spent on biological and biomedical science, meaning
that the broad life sciences area received at least 45
per cent of the total investment audited1.

Enabling Sciences
and Technologies
$400.9m
31%

• Just over one quarter of the funding was directed at
areas covered under the Queensland Government’s
Four Pillar Economy. The vast majority of this was
accounted for by the resources (13 per cent) and
agriculture (11 per cent) sectors1. These figures reflect
the fact that the focus on a Four Pillar Economy was
introduced after the allocation of most of this funding.

Environmentally
Sustainable QLD
$259m
20%

Science Investment Funding by the Four Pillars 1
(Total $1280m)

Resources
$167.3m
13%
Other
$927.9m
73%

Four Pillars
$352.4m
27%
Agriculture
$146.5m
11%

Construction
$24.7m
2%
Tourism
$14m
1%

Health of Queensland Science, Office of the Queensland Chief Scientist

Source: 1. Audit of Science Investment and Funding Programs, DSITIA (2013)
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Queensland Government R&D expenditure
Where was the R&D undertaken?
Total Qld Government R&D Expenditure ($634m) by Location
(2011-2012)
Business
2%

Australian
Government
1%

Other
2%

In what areas was the R&D carried out?
Total Qld Government R&D Expenditure ($634m) by R&D
Objective (2011-2012)
Safeguarding
Queensland Community
3%
wellbeing
2%
Tropical
Other
opportunities
6%
3%

Who paid for the R&D?
Total Qld Government R&D expenditure ($634m) by Funding Source
(2011-2012)1
Private non-profit
4%

Business
4%

Other
2%

Joint business/
government
4%

Ecosystems
5%

Private non-profit
23%

In-house
37%

Universities
35%

• In 2011-12, the Queensland Government
funded $231 million worth of R&D. An
additional $403 million was leveraged
from external sources, resulting in total
R&D expenditure of $634 million
(compared with $700 million in 2010-11)1.

Food & fibre
industries
5%

Health
44%

Energy &
resources
industries
5%

Qld Government
37%

Universities
21%

Enabling
sciences and
technologies
27%

Australian
Government
28%

• Of the R&D funded by the Queensland
Government, state government agencies
received 37 per cent, universities 35 per
cent and private non-profit organisations such as the Queensland Museum and the
Mater Medical Research Institute –
received 23 per cent.

• Investment in health R&D accounted for
44 per cent of the total R&D expenditure
in 2011-12, but a significant proportion of
the ‘Enabling Sciences and technologies
funding’ (total of 27 per cent) would have
also been undertaken in the biological
sciences.

Source: Queensland Government R&D Expenditure Report 2011-12, Office of the Queensland Chief Scientist
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Queensland Government R&D expenditure

800

Queensland Government R&D expenditure and leveraged funds
2003-04 to 2012-13

• Queensland Government expenditure
on R&D has been in decline for
several years.

Source of funds not disclosed
700

600

• Provisional data suggests total
expenditure in 2012-13 will be just 50
per cent of 2011-12 spending, with an
uncertain future for further funding in the
years ahead.

Total leveraged funds
Qld Government (Capital)
Qld Government (Current)

$m

• In recent years, Queensland
Government investment in R&D has
been heavily leveraged (i.e. used to
generate parallel funding from other
sources). Each dollar invested in 201112 generated $1.74 in further support.

•

500

400

300

200

100

0

2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12

est.
2012-13

Source: Queensland Government research and development expenditure report 2011-12. (Note: the categorisation of expenditure into current and capital was only implemented from 2009-10.)

Health of Queensland Science, Office of the Queensland Chief Scientist
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Queensland Government expenditure on R&D
• The ABS collect official data on
government expenditure on R&D
(GovERD). This data includes both
commonwealth and state
government contributions.

GOVERD intensity [columns] and GOVERD as proportion of GERD [dots]
1,2

0.5

50

0.45

45

0.4

40

0.35

35

0.3

30

0.25

25

0.2

20

0.15

15

0.1

10

0.05

5

0

0

GovERD as % of GDP or GSP

GOVERD as a % of GERD [dots]

GOVERD as a % of GDP/GSP = GOVERD Intensity [columns]

(Selected Countries, 2008/2009)

• GovERD accounts for about 12 per
cent of total R&D expenditure in
Queensland, a similar proportion to
the national and international
(OECD) average1,2.
• However, Queensland GovERD
intensity (at 0.2 per cent of GSP) is
below both the general Australian
(0.27 per cent) and OECD (0.29
per cent) levels1,2.

• The governments of countries like
Germany and South Korea invest
up to 2.5 times more on R&D than
Queensland2.

GovERD as a % of GERD

Sources: 1. ABS, Research and Experimental Development, Government and Private Non-Profit Organisations, Australia, 2008-09, Cat # 8109 ; 2. OECD, Main Science and Technology Indicators
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Federal R&D expenditure
GovERD - commonwealth and state expenditure on R&D
(2008-09 )
900

800

Commonwealth GovERD

• $193 million (or 9 per cent) of federal GovERD was
spent in Queensland.

700

State GovERD

• In 2008-09, the total ABS recorded GovERD (federal
and state R&D expenditure) in Queensland was
$481 million, with the state government providing
nearly 60 per cent of the total - the highest
percentage of any other Australian state or territory.

600

$ millions

470

555

500

400

• Considering Queensland’s investment is comparable
to that of Victoria and NSW, there is potential to
leverage a greater share of federal funds.

193

300

308
436
137

200
311
257

• The Australian Government is a major funder of
science, research and innovation. The latest staterelated data from the ABS1 shows that in 2008-09
direct federal government expenditure on R&D
amounted to $2.25 billion*.

* Note – The commonwealth GovERD figure do not include substantial
federal funding (at least $2.4 billion in 2010) expended through universities
and which is recorded under Higher Education on R&D (HERD).

288

100
133

138

119

WA

7
TAS

0
NSW

VIC

QLD

SA

33
16
NT

14
ACT

Source: 1. ABS, Research and Experimental Development, Government and Private Non-Profit Organisations, Australia, 2008-09, Cat # 8109
Health of Queensland Science, Office of the Queensland Chief Scientist
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Commonwealth competitive grants
Queensland's share of the national total

• The Australian Research Council (ARC) and
National Health & Medical Research Council
(NHMRC) are major research funding agencies of
the commonwealth.

25%

20.1%
19.4%

20%

16.4%

15.4%

16.0%

15%

• Queensland researchers received 15.4 per cent of
NHMRC funding in 2011 ($116.2 million), which is
a modest increase on our position 10 years ago1.

0%

Economy 2011 (GSP)4

Population 20113

ARC 2011 (Funds commencing )2

ARC 2002 (Funds commencing )2

NHMRC 2011 (Funds expended )1

5%

NHMRC 2002 (Funds expended )1

12.7%

10%

• The ARC supports research in all fields of science,
social sciences and the humanities, with the
exception of clinical medicine and dentistry. The
NHMRC funds research in the health and medical
sphere.

• Queensland researchers have a 16 per cent share
(or approximately $153 million) of ARC funding
commencing in 2011. This is below our share of
the population and economy as well as the
proportion won a decade ago2. However,
Queensland did secure 20 per cent of ARC
Linkage grants in 2012.

Sources: 1. NHMRC http://www.nhmrc.gov.au/grants/research-funding-statistics-and-data/funding-datasets; 2. ARC http://www.arc.gov.au/general/searchable_data.htm; 3. ABS Australian
Demographic Statistics, Sep 2012 , Cat # 3101.0; 4. ABS Australian National Accounts: State Accounts, 2011-12 Cat # 5220.0
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Higher education R&D
HERD intensity
(Selected countries - 2010 or latest available year)
1.0%

0.79%
0.48%

0.48%

0.43%

0.42%

0.39%

0.3%

0.39%

0.4%

0.40%

0.69%

0.63%

0.59%

0.5%

0.51%

0.6%

0.60%

0.7%

0.36%

HERD as a % of GSP/GDP

0.8%

0.90%

0.90%

0.9%

• In 2010, Queensland’s HERD
spend was $1.48 billion or 0.59
per cent of Gross State Product
(GSP) – just below the
Australian national level at 0.63
per cent of Gross Domestic
Product (GDP)1.
• In international terms,
Queensland ranks in the top half
of a league table of nations by
HERD intensity, but it is still well
below the world leaders,
typically Northern European
countries such as Finland,
Sweden and Denmark2.

0.15%

0.1%

0.10%

0.2%

0.0%

Sources: 1. ABS Research and Experimental Development, Higher Education Organisations Australia, 2010 Cat # 8111.0; 2. OECD, Main Science and Technology Indicators (HERD
as a percentage of GDP)
Health of Queensland Science, Office of the Queensland Chief Scientist
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Higher education R&D

HERD by socio-economic objective
(Total = $1.48b, 2010)
Cultural understanding
4.2%
Environment (Other)
Law, politics and
5.9%
community services
5.9%
Education and
training
3.4%
Expanding
knowledge
10.3%

Construction
Tourism
1.6%
0.7%

Energy
3.8%
Four Pillars
21%

Mineral
resources
3.1%

Health
31.2%

Environment
(Agriculture /
Resources and
Energy)
5.9%

Defence
0.7%

Economic framework
3.2%
Commercial services
2.6%

Animal production and
Manufacturing
animal primary products
7.4%
Transport
2.2%
1.5%
Information and
communication services
3.1%

Plant production and
plant primary
products
3.2%

• Socio-Economic Objective (SEO)1
reflects the purpose of the HERD as
perceived by the data provider. The
SEO classification system consists of
discrete economic, social,
technological or scientific domains.
• In Queensland, the top two SEOs
were health (31 per cent), and
expanding knowledge (10 per cent).
(The latter is likely to reflect pure basic
research in a range of fields without a
clear SOE.)
• SEOs that align most directly with the
Four Pillar Economy account for 20
per cent of HERD overall, with
resources and energy accounting for
6.9 per cent, agriculture for at least
5.4 per cent and construction for 1.6
per cent.
Notes:
1. An estimated 50 per cent of environmental R&D
supports the agriculture and resources pillars.
2. The ‘commercial services and tourism’ domain
set out in the ABS data has been allocated as 80
per cent (commercial services) and 20 per cent
(tourism).

Source: 1. ABS Research and Experimental Development, Higher Education Organisations Australia, 2010 Cat # 8111.0
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Higher education R&D
• Queensland has a relatively low proportion of
pure basic research, which - at 14 per cent - is
just over half the overall Australian average
(25 per cent)1.

HERD by type of activity1
(2010)
77%

90%
80%

• Conversely, strategic basic research, applied
research and experimental development are
performed in Queensland at higher
proportions than the national average and
most other states1.
47%
7%

8%

25%
20%

26%
1%
4%

6%

18%

19%
23%

7%

16%
6%

10%

26%

23%
27%
10%

6%

10%

20%

14%

16%

24%

26%
20%

30%

33%

40%
30%

• Over the last two decades, Queensland
applied and experimental research has moved
from 43 per cent to 62 per cent of the total
activity.

34%

50%

44%

48%

45%

50%

52%

60%

52%

70%

• This suggests Queensland has a stronger
focus on the practical application of HERD,
compared to other states and territories. This
is consistent with the state government’s
policy objective.

0%
NSW

Vic.

Qld

SA

WA

Tas.

NT

Pure basic research

Strategic basic research

Applied research

Experimental development

ACT

Australia

Sources: 1. ABS Research and Experimental Development, Higher Education Organisations Australia, 2010 Cat # 8111.0

Health of Queensland Science, Office of the Queensland Chief Scientist
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Business expenditure on R&D
3

90

• At approximately 60 per cent,
Queensland’s business share of
R&D is similar to global R&D
leaders.

(Selected countries, 2010 or most recent data1,2)

80

2.5
70
2

60
50

1.5
40
1

30

20
0.5
10
0

BERD as a % of GERD [Dots]

BERD as a % of GDP/GSP =BERD Intensity [Columns]

BERD intensity [columns] & BERD as proportion of GERD [dots]

• However, Queensland’s BERD
intensity (BERD as proportion of
GSP/GDP) at 0.94 per cent is low
compared to the Australian average
(1.3 per cent) and below most OECD
nations1,2.
• Korean and Finnish businesses
invest proportionally three times
more than Queensland, while the
United States and Germany spend
more than twice as much2.

• The ratio of research to development
in Australian business is estimated to
be about 40:60 (compared with 30:70
in the 1990s)3.

0

BERD as a % of GDP or GSP

BERD as a % of GERD

Sources: 1. ABS Research and Experimental Development, Businesses, Australia, 2010-11 Cat # 81040; 2. OECD, Main Science and Technology Indicators (BERD as proportion of GDP and
GERD); 3. Australian Research: Strategies for Turbulent Times (2011), Dr Thomas Barlow
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Business expenditure on R&D
• In 2010-11 Queensland
businesses spent $2.7 billion on
R&D1.

Financial and Insurance
Services
$45m
Transport, Postal
1.7%
and Warehousing
$43m
Wholesale Trade
1.6%
1
$73m
Other* Queensland BERD by industry subdivision
2.7%
(Total= $2.684b, 2010-11)
$79m
2.9%
Electricity, Gas, Water

• The bulk of spending was made
by the mining (37.6 per cent),
manufacturing (19.8 per cent),
professional, science and
technical service (18.7 per cent)
and construction (9.7 per cent)
sectors1.

and Waste Services
$107m
4.0%

Mining
$1,008m
37.6%
Professional, Scientific and
Technical Services
$502m
18.7%

• The mining and construction
industries account for a much
greater fraction of Queensland
BERD than the national
average1.

Four Pillars
$1,304m
48.6%
Construction
$261m
9.7%

Manufacturing
$531m
19.8%

Accommodation and Food
Services
$9m
0.3%

Agriculture, Forestry and
Fishing
$26m
1.0%

• Together, the sectors of
Queensland’s Four Pillar
Economy account for nearly half
the R&D spend of Queensland
businesses.
Note: ‘Other’ includes Administrative and
Support Services; Information Media and
Telecommunications; Retail Trade; Rental;
Hiring and Real Estate Services; Health Care
and Social Assistance; Education and
Training; Other Services.

Source: 1. ABS, Research and Experimental Development, Businesses, Australia, 2010-11 Cat # 8104.0

Health of Queensland Science, Office of the Queensland Chief Scientist
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Infrastructure Case Study
Ecosciences Precinct and Health and Food Sciences Precinct
The Queensland Government contributed $290 million to the establishment of the Ecosciences
Precinct at the Boggo Road Urban Village, Dutton Park and the Health and Food Sciences
Precinct at the Queensland Health Forensic and Scientific Services Campus, Coopers Plains.
This investment leveraged $87.9 million of commonwealth funding.
The investment was driven by the needs of the Queensland Government and CSIRO to
upgrade aging and fragmented research centres across 12 sites in South East Queensland to
meet contemporary standards and create critical mass, avoid duplication of expensive
infrastructure, enhance R&D quality and output and maximise collaboration.
Science at the Ecosciences Precinct focuses on climate change, protecting Queensland’s
natural resources and environment, and developing ways to grow Queensland’s farming,
forestry and marine industries so they are competitive and sustainable.
The Food Pilot Plant at the Health and Food Sciences Precinct, Coopers Plains established a
state-of-the-art facility designed to service the needs of the Queensland and Australian food
industries. The plant and associated food technology, sensory and consumer science facilities
are available to conduct scientific research and trial new products or processes.

Source: Adapted from the Audit of Science Investment and Funding Programs, DSITIA (2013)
40

Health of Queensland Science, Office of the Queensland Chief Scientist

Investment and infrastructure: Observations and recommendations
• Gross Expenditure on R&D as a proportion of GDP or GSP, or
‘R&D intensity’ is a proxy measure of investment in science, and
commitment to innovation. Although Queensland investment has
grown substantially in the last decade, our overall R&D intensity is
low by national and international standards.

• Queensland Government investment in R&D has an impressive
capacity to act as a catalyst and leverage additional substantial
funding from other sources ($1.74 per $1.00 in 2011-12).
Targeted state investment should continue to be fully leveraged
from commonwealth, business and philanthropic sources.

• All sectors of the economy – business, universities and
government – have an important role in undertaking R&D to
help power innovation and economic productivity. Queensland
should aim to match or exceed the national average of R&D
intensity by 2025.

• It is of concern that the total estimated Queensland
Government investment (including leveraged funds) for 201213 appears to be more than 50 per cent down on the previous
two years.

• The state government has invested heavily in R&D and science
since 1998. This period of investment has coincided with strong
growth in our scientific output and STEM workforce. State
investment has led to the establishment of world-class research
infrastructure, particularly in the biological and medical
research fields.
• The state should continue to invest in expanding its R&D
capacity in a manner that builds upon our substantial sunk
investment. The focus should be on ‘brains not bricks’, that is
ensuring we attract and retain talented people to fully leverage
the infrastructure investment. Talent is generally attracted
where there is funding predictability and continuity.
• The state should also build and develop our strength in other
targeted and niche areas – in line with Queensland
Government priorities – to ensure an evolving and diversified
research portfolio.

Health of Queensland Science, Office of the Queensland Chief Scientist

• The share of funding won by Queensland-based researchers
from commonwealth sources such as the major funding
councils (NHMRC and ARC) is below Queensland’s share of
the economy and population. We should aim to increase our
share of funding from the NHMRC, ARC and other
commonwealth schemes to at least our population share (20
per cent) by 2025.
• When compared to other states and territories, R&D in higher
education in Queensland has a relatively lower emphasis on
pure basic research and a greater emphasis on applied
research, consistent with the government’s emphasis on
‘practical and applied scientific and technology capability’.
• While business expenditure on R&D in the state has increased
substantially over the past two decades, as a percentage of
GSP/GDP, it remains well below the Australian average and
most OECD nations. Policy interventions to support business
growing its R&D investment require due consideration
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Collaboration and translation
‘S in ce t h e in d u st ria l re vo lu t io n , t h e gro wt h o f
e co n o mies t h ro u gh o ut t h e wo rld h a s b e e n d rive n
la rge ly b y t h e p u rsu it o f scie n t if ic u n d e rst an ding, t h e
a p p lica t ion o f e n gin e ering so lu t io n s a n d co n t in u al
t e ch n o logical in n o va t io n. ’
U.S. Committee on Science, Engineering and Public Policy (2007)
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Queensland’s publication output
Australian publications by state/territory1*
(2012 versus 2002)
100%

NT, 0.7%
ACT, 8.4%

90%

TAS, 2.4%
WA, 9.5%

NT, 0.8%
ACT, 6.6%
TAS, 2.2%
WA, 10.1%

Percentage of T otal Publications

80%
SA, 8.6%

SA, 8.2%

70%
QLD, 15.1%

QLD, 16.6%

60%

50%

40%

VIC, 26.0%

VIC, 25.9%

• Research performance is often monitored by the
output of publications, which predominantly
originate from academic institutions.
• In 2012, Queensland-based authors appeared on
nearly 13,000 publications, or approximately 0.6
per cent of global scientific publication output1.
• This is a substantial increase on our publication
performance 10 years ago. At 141 per cent,
Queensland’s growth in publications between 2002
and 2012 is the highest of any state and well above
the national average (of 105 per cent)1.
• In 2012, Queensland-based researchers
accounted for 16.6 per cent of all Australian
publications, up from a 15.1 per cent in 2002*1.
* Note: The national percentage distribution of publications is
calculated as the number of publications with an author in each
state/territory over the sum of the total. Since each publication
could have authors from more than one state/territory, this
notational total is higher than the actual number of Australian
publications.

30%

20%
NSW, 29.3%

NSW, 29.5%

2002

2012

10%

0%

Source: 1. Analysis of the Web of Science (Thomson Reuters) publication database

Health of Queensland Science, Office of the Queensland Chief Scientist
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Queensland’s research areas

Queensland publication profile by subject1
(2012)

Other*
22.5%

Agricultural and
Biological Sciences
9.8%

Earth and Planetary
Sciences
2.6%
Materials Science
3.3%
Physics and
Astronomy
3.3% Chemistry
4.1%

Social
Sciences
6.8%

Computer Science
4.3%

Environmental
Science
5.7%

Engineering
5.9%

Source: 1. Analysis of the Scopus (Elsvier) database of publications
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• Together, these and other life sciences accounted
for approximately 55 per cent of Queensland’s
research publication output& – higher than Australia
as a whole (48 per cent) and the global average of
40 per cent1.

Medicine
20.0%

Immunology and
Microbiology
2.3%

• In 2012, Queensland’s areas of greatest research
activity (as judged by publication volume) were in
the broad life sciences field which includes
medicine, agricultural and biological sciences and
biochemistry, genetics and molecular biology1.

Biochemistry,
Genetics and
Molecular Biology
9.5%

• However, quantity is not necessarily synonymous
with quality. Publication citation data is a sign of
research quality and impact. The citation of
Queensland’s publications is similar to the national
average and significantly ahead of the emerging
powerhouses like India and China#.
&Note:

Life Sciences defined as following categories : Medicine;
Agricultural and Biological Sciences; Biochemistry, Genetics and
Molecular Biology; Environmental Science; Immunology and
Microbiology; Psychology; Health Professions; Nursing;
Neuroscience; Dentistry.
#Note: Citation rates comparison is based on an estimate from a
sample of 20,000 publications from each of the top 10 countries by
publication volume in 20111.
*Note: ‘Other’ includes Arts and Humanities (2.3%); Mathematics
(2.2%); Business, Management and Accounting (2.2%); Psychology
(2.2%); Pharmacology, Toxicology and Pharmaceutics (2.0%); Health
Professions (1.9%); Nursing (1.9%); Neuroscience (1.7%); Chemical
Engineering (1.7%); Energy (1.3%); Economics, Econometrics and
Finance (1.2%); Veterinary (0.7%); Decision Sciences (0.5%);
Multidisciplinary (0.4%); Dentistry (0.2%).

Health of Queensland Science, Office of the Queensland Chief Scientist

Queensland university research performance
RESEARCH DISCIPLINE

ERA 20121

Mathematic
Sciences

Physical
Sciences

Chemical
Sciences

Earth
Sciences

Environment
Sciences

Biological
Sciences

Agricultural Information
& Veterinary & Computer Engineering Technology
Sciences
Sciences

QUEENSLAND UNIVERSITY

Bond University
Central
Queensland
University

2

5

Griffith University

Medical &
Health
Sciences

4

2

1

5

2

2

3

3

3

3

3

3

4

3

2

3

4

2

3

2

3

3

3

3

4

4

5

5

5

3

2

2

4

1

James Cook
University

3

3

3

4

5

4

Queensland
University of
Technology

4

3

3

3

4

3

University of
Queensland

4

5

5

3

4

5

University of
Southern Qld

3

3

University of
Sunshine Coast

2

3

Explanation of Ratings

• The Excellence in Research for
Australia national report examines
research quality across disciplines
and institutions, relative to the
international playing field1.

2

1

• Many Queensland universities are
rated at, or above, world standard
across a range of STEM-related
fields.
• The University of Queensland (UQ),
Queensland University of
Technology (QUT) and James Cook
University (JCU) are the most
consistent Queensland performers
across STEM fields.
• However, other institutions have
strengths in specific areas, e.g.
Central Queensland University
(CQU) in mathematical sciences
and the University of the Sunshine
Coast (USC) in agricultural and
veterinary sciences.

5 = Outstanding performance well above world standard
4 = Performance above world standard
3 = Average performance at world standard
2 = Performance below world standard
1 = Performance well below world standard
Not assessed due to low volume. The number of research outputs doesn’t meet volume threshold standard for ERA evaluation.

Source: 1. Excellence in Research for Australia (ERA) 2012 National Report, available at http://www.arc.gov.au/era/era_2012/outcomes_2012.htm
Health of Queensland Science, Office of the Queensland Chief Scientist
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International research collaboration
International research collaboration
(Selected Countries, 2012)1
64%
16%

20%

25%

30%

31%

30%

40%

49%

47%

47%

46%

46%

42%

42%

50%

45%

54%

60%

16%

% of Publications with International Co-Authors

70%

• A highly collaborative research sector is a
sign of a healthy research sector – one
that is working and learning from the best.
• In 2012, 45 per cent of publications with a
Queensland affiliation also had an author
or collaborative institution from overseas1.
• That figure is similar to the Australian
average, but a significant increase on the
same measure in 2001, when it was just
under 27 per cent – reflecting the growing
importance of connection and
collaboration in research.
• Queensland and Australia do relatively
well in international collaboration
especially compared to the United States
and the emerging Asian scientific
powerhouses, where rates are typically
under 25 per cent1.

10%

0%

Source: 1. Analysis of the Scopus (Elsvier) database of publications
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Queensland’s research partners
Queensland's publication partners
(Top 10 2012 versus 2002)

• In 2012, Queensland had research partners
(as measured by co-authored publications) in
150 countries across the globe1.

Percentage of All International Publication Collaborations*

100%

90%
OTHER, 28.0%
OTHER, 36.4%

80%

70%

60%

JAPAN, 4.0%
ITALY, 2.0%
NETHERLANDS, 2.0%
FRANCE, 2.7%
NEW ZEALAND, 4.6%

JAPAN, 2.2%
ITALY, 2.3%
NETHERLANDS, 3.1%
FRANCE, 3.2%

CANADA, 4.8%

50%

GERMANY, 5.9%

• In contrast, there has been a big increase in
our collaborations with China. The number of
Queensland/China co-authored publications
has grown nearly 650 per cent in the past
decade (compared to a 250 per cent increase
in total Queensland publications)1.

NEW ZEALAND, 4.0%
CANADA, 5.1%

CHINA, 5.0%
GERMANY, 5.4%

40%

• There has been a reduction in the proportion
of collaborations with many of our traditional
partners – like the US, UK and Japan - in the
past ten years1.

UK, 15.7%

CHINA, 8.0%

30%
UK, 13.0%

20%
USA, 25.3%

10%

• The change and diversification of our
international collaborations in the last decade
can also be seen in the increasing proportion
of partnerships with ‘other’ countries.
Note: The percentage distribution of international publication
partners is calculated as the number of publications with a
Queensland author that also have an author affiliated with
another country over the summed total across all countries. As
each publication can have authors from several countries, this
notational total is higher than the actual number of
Queensland publications.

USA, 17.3%

0%

2002

2012

Source: 1. Analysis of the Web of Science (Thomson Reuters) publication database
Health of Queensland Science, Office of the Queensland Chief Scientist
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Business-research collaboration
• While it is clear that Queensland has a very solid,
and reasonably collaborative, science research
base, Australia and Queensland have performed
considerably less well in translating that research
into commercial and social benefits.

Firms collaborating with education institutions 2
Finland
Slovenia
Austria
Greece

• The proportion of innovation-active Australian
businesses that collaborate with universities or
other higher educational institutions only
increased to 4.6 per cent in 2010-11 (up from 2.4
per cent in 2008-09)1.

Belgium
Sweden
Hungary
France
Portugal
Czech Republic

• In an OECD study from 2009, Australia ranked
20th and 22nd respectively for firms
collaborating with universities and public funded
research agencies2.

Netherlands
Ireland
Luxembourg
Estonia
Norway
Slovak Republic

Spain
Poland
Denmark

Large firms

Australia

SMEs

Turkey
United Kingdom
New Zealand

0

10

20
30
40
Percentage of all firms (%)

50

60

Sources: 1. ABS, Innovation in Australian Business, 2010-11, Cat # 8158.0; 2. OECD Science, Technology and Industry Scorecard 2009
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Business-research collaboration

Business and university researchers

• Compared to other OECD countries, Australia’s
researchers are much more concentrated in the
university sector.
• There are almost 2.5 times as many
researchers in the university sector than the
business sector (about five and two
researchers per 1000 workers, respectively).
• In some countries (such as Finland and
Denmark), the ratio is nearly reversed with
twice as many researchers in business.
• This has significant implications for cross sector
communication and collaboration.

Source: 1. Pettigrew A.G. (2012) ‘Australia’s Position in the World of Science, Technology and Innovation’, Occasional paper series, Issue 2, Office of the Australian Chief Scientist, Canberra

Health of Queensland Science, Office of the Queensland Chief Scientist
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Patenting performance

273

300

275

300

Patents filed under the Patent Co-operation Treaty 20091,2

• Patents are one (albeit very
imperfect) measure of the
amount of research that has
potential to be translated into
commercial and practical effect.

Share of Australian PCT Patents (2009)1
NT
0%

ACT Other
2% 1%

WA
11%

135

170

NSW
36%

SA
7%

83

82

74

110

• Queensland is a relatively poor
performer with 68 applications
(under the Patent Co-Operation
Treaty) per million population –
below both the Australian (82
per million) and OECD (109 per
million) averages1,2.
• The most active nations in this
measure file up to 300 patents
per million of population1,2.
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VIC
25%
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QLD
17%
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147
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TAS
1%
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6
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3

35
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1

Number of Patents filed under the PCT per Million Population

350

0

Sources: 1. OECD Patents Statistics (Patents by regions); 2. OECD, Demography and Population Statistics (Population)
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Alignment of business and university R&D
Business and university R&D spend (%)2

Business and university R&D spend ($)2

(% of total spending by domain)
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Resources

48
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466

Manufacturing

78

Manufacturing
473

Information

53
306

Built environment

Information

17

Humanities and
the Arts
35%
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56

Medical domain

258

Built environment

96
89

Molecular

Medical domain

16

Frontier sciences
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163

Frontier sciences
Molecular

100

Food & agriculture
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• The business and university sectors together account for
nearly 90 per cent of Queensland R&D activity1.

57
65

Environmental
3

Behavourial

• However, the areas of R&D investment by the business and
university sectors in Queensland are very different2.

109

Business

14

Commercial

78

University

1

Humanities and the Arts
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• Most BERD is expended in the resources, manufacturing
and information R&D domains, while HERD is focussed on
medical, frontier and behavioural R&D domains2.

Sources: 1. ABS, Research and Experimental Development, All Sector Summary, Australia, 2008-09 Cat # 81120; 2. Australian Research: Strategies for Turbulent Times (2011), Dr Thomas Barlow

Health of Queensland Science, Office of the Queensland Chief Scientist
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Case studies in translation
Queensland Life Sciences Industry

However, challenges remain and further effort will be needed to
cement these gains and ensure the Queensland Life Sciences
sector remains a vibrant and significant component of the state
economy in the future. For example, the Queensland Life Sciences
Industry Report 2012 indicated that between 2009 to 2011 there
was a 28.5 per cent reduction in employment and 11.8 per cent
reduction in income.

Number employed

In 2011, it was estimated that the sector:
• employed at least 14,000 in 301 private companies and
research organisations
• generated $4.36 billion in income
• pumped over $2.1 billion in wages and salaries to the
Queensland economy
• invested $657 million in R&D and made another $692 million
in capital expenditure.

Queensland life sciences sector employment 2007-2011
25000
20000
15000
10000
5000
0
2007
Biotechnology

2009

2011

Therapeutic Medicines and Devices

Queensland life sciences sector income 2007-2011
6000
5000
4000
$m

The Life Sciences sector and associated industry have grown
significantly in Queensland over the past decade, mirroring the
major ‘Smart State’ investment made in this area. In 2011,
Queensland was home to 7.8 per cent of ASX-listed Life
Sciences companies.

3000
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0
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Biotechnology
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Therapeutic Medicines and Devices

Source: Queensland Life Sciences Industry Report 2012 (available at http://www.qld.gov.au/dsitia/assets/documents/qld-life-sciences-industry-report-2012.pdf)
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Case studies in translation
The Translational Research Institute
The Translational Research Institute (TRI) is an Australian first aimed at better and more
directly translating the findings of basic biomedical result into improved health outcomes.

The TRI is a joint venture between the Princess Alexandra Hospital, the University of
Queensland (UQ), the Queensland University of Technology (QUT) and the Mater Medical
Research Institute.
The Institute is located at the Princess Alexandra Hospital campus, along with a Scale-Up
Manufacturing Facility which will manufacture clinical trial quantities of drugs and vaccines
developed by the researchers. Together these facilities will enhance the ability of Queensland
and the nation to take drugs and therapeutics from the lab bench to the clinic.
TRI will focus on better prevention and treatment of specific health problems including cancer,
infection, arthritis, autoimmunity, diabetes, and trauma.
Construction of the Institute, which will house up to 700 researchers from the four institutions,
reached practical completion in late 2012.

The TRI was supported through $354 million in funding provided by the Australian and
Queensland Governments, the Atlantic Philanthropies, UQ and QUT. The Queensland
Government contributed $107 million to the project, illustrating again the potential of leveraging
and co-funding.

Sources: TRI website ( http://www.tri.edu.au/ ) and DSITIA
Health of Queensland Science, Office of the Queensland Chief Scientist
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Case studies in translation
Queensland Health Fellowships
Senior Clinical Research Fellowships
A further $2.3 million in funding was provided in 2011-12 to Senior Clinical Research Fellows,
under which scheme funding of up to $850,000 per annum is provided for five years to attract
and retain researchers to Queensland who are international leaders in their field.

Health Research Fellowships
There have been three rounds of funding under this scheme helping to close the gap between
research and its outcomes.

The program has provided funding of up to $150,000 per annum for five years as salary
support (funding provided for the 2011-12 year amounted to approximately $2.2 million),
allowing health districts to back-fill the clinical time of practising clinicians or other health
professionals to undertake clinical or health service research.
In 2011-12, 23 clinicians have been provided with time to research a variety of health issues
and seek to provide corresponding and more rapid and effective take-up of research
outcomes because of their practising clinician responsibilities.
Projects have included:
• development of a diagnostic test for psychotic disorders
• study of cystic fibrosis, bronchiolitis and asthma in children
• development of a diagnostic tool to identify patients at risk of lung transplant rejection at an
early stage
• treatment–related and service delivery factors impacting on head and neck cancer
patients.

Source: Queensland Health Website (www.health.qld.gov.au/ohmr/html/rpu/health_res_fel.asp)
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• Measuring the broader and longer term social
and economic impact of research is a difficult
task, however it has lately been receiving
increasing focus from universities and
governments across the world.
• UQ and QUT have recently taken part in an
Excellence in Innovation for Australia trial
assessment to identify and demonstrate the
beneficial contribution research has made to
the economy, society, culture and
environment1.
• While impact evaluation methods are still being
developed, there are already many case
studies that demonstrate the impact
Queensland’s research sector has had on
society.

Sources: 1. ‘Excellence In Innovation: Research Impacting our Nation’s
Future – assessing the benefits’ Group of Eight and Australian Technology
Network of Universities (November 2012);
2. http://www.news.qut.edu.au/cgibin/WebObjects/News.woa/wa/goNewsPage?newsEventID=47635;
3. http://uniquest.com.au/portfolio/coolme%E2%84%A2-vest;
4. http://www.uq.edu.au/news/index.html?article=25599

Health of Queensland Science, Office of the Queensland Chief Scientist

Examples

Measuring research impact
VitroGro®ECM is an innovative liquid wound care
technology. Tissue Therapies Limited is
commercialising VitroGro®ECM, a technology
created by cell biology, tissue engineering and
protein engineering experts at the Institute of
Health and Biomedical Innovation at QUT.2

The CoolMeTM Vest, developed at James Cook
University significantly reduces heat stress and
recovery times for workers in extreme heat
conditions, such as emergency workers and
miners.3

The Queensland Department of Agriculture,
Fisheries and Forestry (DAFF) has licensed more
than 300 sorghum parent breeding lines to the seed
industry, resulting in a 28% increase in yield
between 1985 and 2005. DAFF’s sorghum breeding
program is estimated to have returned $20 for every
$1 invested over the 30 years to 2004-05.

Gardasil® is the cervical cancer vaccine based on
the Human Papilloma Virus research of Professor
Ian Frazer and the late Dr Jian Zhou at the
University of Queensland. The vaccine is now
available in more than 120 countries, with more
than 100 million does being distributed worldwide,
potentially saving 250,000 lives annually.4
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Collaboration and translation: Observations and recommendations
• A vibrant and collaborative research sector with the right
•
people, supporting infrastructure and funding is vital to
generate innovative ideas. The increasing scale and complexity
of scientific challenges – and our (relatively) modest resources
– means we need to continue to partner strongly and learn from
•
others – across countries, subjects and sectors.
• Queensland has a relatively strong and growing international
collaborative base in academic research, but we must continue
to keep an eye on emerging scientific powerhouses – like China
and India – and increase our partnering with them.
• Queensland’s scientific output - as measured by publications - has •
nearly doubled in the past 10 years to just under 13,000 articles and
items in 2012. Nonetheless, our share of Australia’s scientific output
is still only 16.6 per cent. We could, for example, aim to grow our
output to 20 per cent of the national total in the coming decade and
•
beyond.
• The overall quality of our scientific output – as measured by
citations – is comparable to the national average and other
international publication powerhouses. However, there is
always room for improvement.
• As judged by publication volume, our research strengths and
focus are in the biological and medical research realms. We
should build on areas of existing strength in these fields but
continue to identify new life sciences niche areas for
development, bearing in mind their potential impact on the
major health challenges facing Queensland.
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As the most decentralised state in Australia, we should work to
ensure that our research and innovation capacity in all sectors
is developed right across the state and not purely focused on
South East Queensland.
Effective translation of the knowledge developed by our
research endeavours – for both economic and social benefit – is
vital. Several lines of evidence, such as patent filings, suggest
much of Queensland’s research is lost in translation. We must
increase our focus on realising and applying academic research
findings.
With the substantial investment made in health and biomedical
research in the state over the past decade, developing a vibrant
parallel commercial life sciences sector is a priority and a test of
our ability to translate the government investment in science.
Business and university R&D spending priorities are very
different. While it is not expected, and probably not desirable,
for these sectors to be fully aligned, some adjustment would
likely aid translation of research and its economic impact.

• Collaboration between businesses and universities could and
should be much stronger in Queensland, and researcher
appears to be highly concentrated in the university sector.
Mechanisms for promoting entrepreneurship amongst
researchers and increasing their mobility across sectors should
be a priority.

Health of Queensland Science, Office of the Queensland Chief Scientist

