st have reduced the capacity of the Ex-
geytive Commitiee 1o act czhhumabélmliy
As il was, it digd more that some rank and
file members were prepared 10 permit,
and the inevilable resignations followed.
The Staff Assoclation could no longer
represent a consensus view for such a view
no longer oxisted.

In anirontcal posteript (o the atfair and
as if 1o prove to the rest of Aunstralia that

the Uni\'«:'%it\' of Queensland was traly
part of 1the Qumusz 1wl Wonderland snd
fully integrated, the Senate would subse-
quently appoint a commities of its own
members to enguire into the cause and
course of the pro al the degre
ceremony of 10 bMay, 1983, Alice he
would have found the g rverse lopic of
having such an inguiry conducted by
Senale members entirely consistent with

overnment funding of scientific research

the tea parties, games, and rials that were
eping on areund her.

References:
fo Weekend  Ausiraliun, 374 November,
Fatd,

2. Courier Mail, 10 November, 1984,

30 Sunday Madl, 25 November, 1984,

Tie Hon, Barey Q. Jones

Minister for Science

Minister assisiing the Minister for Industry,
Technology and Commerce

Parliament of Australia

The subject which was proposed (o me:
‘Crovernment  Funding of  Scientific
Research’, and the series of talks the
University's  Chemical Society  has
orgamised on the topic, indicate @ growing
interest and participation of the scientific
community in Australia’s political iife.!

One obvious result of this higher profile
of the scientific communily was an im-
provement in the performance of sclence
in this year’s Federal Budget. Sclence
lared relatively well in the Budget, con-
sidering  the government’s over-riding
concern to reduce the deficit, Science
rapked 14th out of 28 departments in
terms of the increase in funding allocated
in the 1985786 Budgel, compared wiih
260 in the 1984-85 Budget. It ranks 1ith
in total Budget outlays, behind such
crowd  pleasers  as  Social  Security,
Defence, Dducation and  Community
Welfare. As | said at the National Science
Forum in August, ‘T can say with con-
fidence that science is no longer in
political Death Valley’,

But the heightened public and political
awareness aboul science and technology
(S&1y, and the heightened  sclentific
awareness of public and political alfairs,
have broader and more imporiant
implications. The journal Mature, o its
recent survey of science in Australia,
observed that S&T are now issues or-
dinary people take seriously. ‘Nowhere
else, except possibly in India now and the
Soviet Linion i the 19305, has the
exploitation of S&T been as proper a sub-
ject of polite conversation as it has
hecome in Australia’, Nefwre said. 1 am
not convinced that this is quite the case —
but there has ceetainly been a dramatic
shift towards the integration of S&T into
Australia’s social, economic and political
cultures.

(e measure of this is the greater media
interest in the subject. Earlier this vear
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only one metropolitan paper, 7he Aus-
trafion, had a full-Uime science reporter,
Now The Sydrey Morning Herald and
The Age have specialist science writers
and The Australion Financial Review,
which strongly reflected the business sec-
tor’s derisory ignorance of 3&7T, will soon
launch a weekly science secrion.

The past several vears have been unset-
tled and unsettling in this field: govern-

ment criticised sclentists and industry over -

the state of Australian technology; scien-
tists aftacked industry and government;
and industry blamed government and
scientists. Now, however, we are moving
towards — dare | say — accord and con-
sensus on the subject.

Australian science could be poised at
the brink of the most important and most
productive period in ity history, The ma-
jor one is that industry, especially manu-
facturing industry, has not yel demon-
strated any real commitment (o ilwe'cusina
its research and development {R&D) of
fort.  was appalied to read the other \,\:Lil\
the results of a survey conumissioned by
P A Technology which showed (hat the
majority of Australian senior executives
in manufacturing industry saw little need
to do more than a minimal amount of
R&D.

1f this is the case, then it reveals in Aus-
tralian business a level of lgnorance,
shortsightedness, and complacency that is
almost bevond beliel, OF course there are
many exceptions; the problem is that
they are just that — exceptions. As the
Prime Minister said in his opening speeeh
to the Wational Technology Conference in
1983, the task before us is to make S&7T
work for Australia,

It is clear that as the lnks between
science, technology and economic growth
become closer and more ingxtricable, and
competition between nations more in-
tense, all industrial countries are moving

to ensure the national benefits of the
seience they perform, This 18 nowherg
clearer than in the United States, the
world’s leading scientific nation, where
there has been growing concern in recent
vears about the flow of scientific and
technical information and know-how to
the USSR and to Japan, the concern be-
ing on strategic grounds in the former
case and economic in the latrer.

The simnple truth of the matter is that
Australia can no longer afford a situation
where, in the words of the historian Hugh
Stretton, ‘Australian science finds s
practical application in Australian agsi-
culture, but in British, American or
Japanese industry’.

Science, | regret to say, is not part of
our political culture and in some ways s
sheer complexity repels  politicians,
bureaucrats, journalists, and  business-
men, [t has been a hard slog 1o raise con-
sciousness in areas like biotechnolegy, ad-
vanced materials, microciectronics and
similar areas, with little efTective support,
it must be said, from the academic com-
murity.

In their Report on Australian Science
Policies, the QBECD Examiners (April
1985) noted (para 10-13) ‘the intense
discussion in Australia of the role of tech-
nology in national life” since the Hawke
Covernment assumed office and the need
to continue if,

The Pxaminers commented:

We were struck by what seeined (o be o
widespread Australion view of technrology
as in some sease external to national fife,
This is in pari, no doubt, a consequence of
Ausirglic’s Ristorical idiosyncracies. A
high proportion of the technrigues used in
Auwstralian  indusiry  (alihough noi in
agriculture) are indeed imported from
pverseus, mostly by foreign-owned com-
panies, Australia has a tradition of import-
ing technical and professional workers,

rather than for as well as}) edveeting them
Jromehildhood. The couniery’s institutions
Jorlghour/muanagemient relafions are siceh
thai new fechnical procedures are fre-
quently seen gs being bmposed  Cfrom
putside " on focal fuctories or affices, often
with minimal consultation . |

The process of technological develop-
ment ... IS seed as discontinuouws; the
transition from research (o design of o
product or service, or from design (o sale,
sepms sometimes (o bivolve the collision
af mutually uncomprehending  culiures

The somewhat remote Australion al-
titude ro techinology seemed fo us (o fead
to a consisten! undervaluation (and to
some extent also a musinterpretation) of
rational technological achievements and
possibilities,

The Examiners” Report was valuable,
but it has beent inadequately discussed and
some  of its  recommendations have
already been ignored.

But if the broad function of science in
Australia is to work for Ausiralia, not all
research has the same precise function.
Let me turn now (o the different types of
scientific research, why they are carried
out, and the parts plaved by the three key
groups in the process of research: the
scientific  community, industry  and
ZOVermmenti,

The objectives of science
Australia’s overall level of funding and
performance  of  basic and  applied
research, and the level of R&D perfor-
mance and funded by the public sector,
are broadly similar to those of other
middle-ranked OECD countries. In con-
irast, the level of experimental develop-
ment, and the level of R&D which is fund-

cod by the private sector is very low in com-
parison 1o these countries,

Nany of the problems concerning the
rereeived relevance and effectiveness of
public in\'c%mﬁcni‘ in Rédd are the result of
b dack of teehnological orienta-
tion, and ol R&D capability, in Aus-

alian indusiry, A major objective of
research policy for Ausiralia over the next
LN VORI s!aoul 1 be to increase the level of
supp{m and puiolmmw’ of R&DY by in-
genous INdusiry

he dmmcrcm‘d pursuit of (ruth {5 an
end inn itself (& social and cultural vajue)
and also a means Lo the achievement of
socially  desired  ends  (e.g.  cconomic
development or military capability). A
vital and dynamic capability in basic
research is needed to provide the reservoir
of knowledge and skills to underpin ap-
plied research and experimental develop-
L.

The rationale underlving public invest-
ment 1 R&ED in Australia is that such in-
vestment is needed:
= 1o adentify, understand, and transfer

technology from overseas: and
? (o undertake research and develop new

technologies in response to domestic
economic and social needs,

All major industrialised nadons accept
the need for a BR&D capability, There are
three  breoad  objectives  behind  this
invelvement; cconomic, social and
cultural. Al are important, but the {irst is
the most discussed, reflecting a general
beliel that the fevel of R&D significantly
infhuences the national economy and that
its absence leads {0 economic stagnation,

National economic goals include the
geperation of wealth and employment.
This is achicved through using resources
mare efficiently, increasing cxport earn-

s and replacing unports while using |
section than at present. The
can ondy be achieved with a satisfactory
fevel of technological innovation and
performance, and research Is an essential
basis for innovation,

il

Wihile indy has the respo-
sibility Tor carrving s earch,
there is a general acceptance amongst in-
dustrial nalions that seme povernmeni
involvement is also necessary bocause of
the tendency of mdustry 1o nvest in R&D
at a level below that considered 1o be in
the best national interest.

Longer term research, especially,
often bevond the role and capacity of the
private sector. The benefits cannot casily
be captured by individual companie&
because of the non-proprictary nature of
the research. The time-frames are often
too long and the risks too high, while the
fragmented structure of many industries
means individual companies have neither
the resources nor the expertise 1o carry
out research themselves. Furthermore,
this research caters for the future, ad-
dressing industries and markets which do
not yet exist.

The national responsibility and interest
s perhiaps more clear-cul with the second
objective | mentioned: the social objec-
tive, Here rescarch is an essential element
of government responstbilities to the com-
musty in areas such as public health, pro-
tection of the envircmment and so on.

The third objective is cultural, where a
nation justifies research on intellectual
grounds. It contributes to the country’s
international status and is imporiant in
the education and training ol scientists, In
the long term, the results of this research
may contribute (o more direct social and
gconomic benefis.,
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OF course, not all research programs
wiil fit neatly Wto one or other of these
categories. Research into  climate and
her, or soil and water degradation,
mple, will have both economic and
social obj

foctives,

setentific research is also categorised
according 1o its objectives in another way:
that is fundamental, strategic and tactical.
Fundamental research is directed primari-
Iy towards adding to the pool of human
knowledge rather than 1o particular
applications. It is concerned with the in-
ner logic of science or ‘science {or science
sake’ and corresponds with the cultural
objective in the above classification.

Strategic research is mission — or
applications — oriented, with a long
timescale and a broad application,

Tactical research is problem-oriented,
involving the application of established
scientific knowledge and methods to the
selution of practical problems. Both the
strategic and  tactical categories of
rescarch can be applicd (o economic or
social objectives.

Fundamental and strategic research are
often grouped into the one category of
basic research and called pure basic and
stralegic basic rescarch. This has led to a
misconceplion amongst some commen-
tators in the recent debate about S&T bas-
ed on equating all basic research with pure
or fundamental research.

The process of innovation

It is widely accepted that basic research
plays a vital role in the process of tech-
nological innovation. According to the
so-called lineqr mode!l of innovation the
development of a commercial product or
process is a alinear sequence of cvents,
starting with basic research and continu-
ing through applied research to experi-
mental development and finally
marketing. This has fostered the “science
push’ model of innovation which claims
that  pumping resources into  basic
research inexorably leads to innovation
and commercial development,

it is now accepted that this rather
simplistic view of innovation is not sup-
poited by the evidence, Australia, like the
UK, is a strong performer of basic
research, but disappointing in the in-
dustrial sector. Japan, in contrast, is less
impressive in basic research; its indugtrial
performance however is well-known, (The
Japanese recently boasted that the majori-
ty of their products were based on tech-
nelogy invented in the UK: this is flatter-
ing perhaps 1o UK scientists, but not to
{JK industralists.}

The linear moedel has eredibitity only
on a ghobal scale. As Jan Kolm has said,
Gsolated research findings in small na-
tions do not coalesce into technologies,
but feed the international science pool on
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which the major international companies
draw’. Australia’s science feeds world
sclence from which international tech-
nology grows and from which Australia
then imports know-how and products.

Many research scientists believe that
govermment has no legitimate policy role
to direct expenditure on basic research.
(Professor Bede Morris of the ANU said
on a recent Science Show that the approp-
viate function of granting bodies is to
hand over funds to the best researchers,
and tell them to enjoy themseives.) A
small country such as Australia simpiy
cannot afford to place all its emphasis on
this serendipity approach to research.

[t is generally the proponents of the
serendipity approach who claim that the
level of funding for basic research is far
too low. In fact higher education research
expenditure has expanded significantly
during the last decade, increasing by 20%
in real terms over the period 1976-81. The
level of expenditure per effective full-time
academic researcher showed a modest in-
crease in real terms from $54,800 to
$62,000 (constant 1979-80 prices)
{Johnston 1985; ‘Why Scientists Don't
Get More Money™). If we add together the
Special Research Centres and Key Centres
for Teaching and Research, all provided
through CTEC, the total amount
aliocated has increased from $29 million
in 1977 to $79 million proposed for 1985,
This is an increase of 40% in real terms.
Over the same period, the general recur-
rent funds provided to universities and
colleges have remained approximately
constant in real terms.

In addition new granting schemes have
heen initiated — for exampie NERDDC
(National Energy Research Pevelopment
and Demonstration Councily Grants and
Marine Research Grants — and the funds
available to others boosted — for example
NH&EMRC (National Health & Medical
Research Council).

Sinece 1976, a black year for research
funding, there has been a substaniial
decline in the proportion of research
expenditure provided by ‘free funds’ to
researchers through ARGS, though even
that scheme has increased substantially —
20% in real terms — during the period
1084.86, Programs such as the National
Research Fellowships and Biotechnology
Fellowships have been developed to try to
direct the national research effort moere
effectively to secure social and econoniic
objectives, The National Research
Fellowships Scheme will provide an extra
fifty feliowships in 1986, bringing the
total to 130, 40% of which are for fun-
damenial research. These increases
demonstrate the government’s wish to
faster research of the highest quality both
in basic research, supported through
ARGS and the Special Research Centres,

and in rescarch which is oriented to
specific social and economic objectives,

However scientists need o realise that
the ‘science push’ argumenis which have
featured centrally in the debatse about
research expenditure are no longer ac-
cepted without guestion. As Professor
Ron Johnston has said:

They [scientists] will need to accept the
Importance of demand policies, and seek
io gssist and shape them in g way which
does not stifle creativity, but wllows
research to be shaped more by the context
of opporiunities and needs. And they will
need to take highly visible steps to in-
crease the level of accourntability and
value of thelr own research. (Johnsion
71985).

Science in Australia

I believe the public and political debate
about S&T in Australia has also been
clouded by several other, related miscon-
ceptions:
® some governmeni economists tend to

lump together all research with

economic objectives under the general

label of ‘industrial R&D’

» related to this, the suggestion that
government performs and funds
research as a ‘second-best’ substitute
for private sector R&D

¢ alternatively, a view that CSIRO™s role,
and to a lesser extent that of the univer-
sities, Is to provide a free problem-
solving service for individual firms — a
tax-paid ‘dial-a-bo{fin’ service, if you
like.

These difficulties of the debate have
been compounded by the fact that there
are no objective measures for determining
gither the optmum total level of R&D
that a country should perforim, or the op-
timum level of government contribution
to R&DD, or the optimum ratio of funda-
mental to strategic to tactical research.

international comparisons do provide
some measure of a country’s relative
commiiment to R&D, but have to be
rreated cautiously because of differing
economic, soctal and cultural conditions.

This s clearly shown by the differing an-

proaches being taken by particular coun-

tries to strengthen their R&D effort. Thus
the United States, Sweden and Japan,

which have a very strong indusirial R&D

base, are moving government support

rowards fundamental research, leaving
strategic and applied to industry,

Canada, the UK and the Netherlands,
on the other hand, are shifting in the op-
posite direction, with government pro-
viding increasing support for research
with more immediate, tactical objectives.

Nevertheless, there are a number of
clear observations that can be made {rom
a comparison between  Australia and
other developed nations:

+ Australia’s total R&D effort is low and
fFalling, while that of the industrial
front-runners is high and rising.

e Australian  government support for
R&D is broadly comparable with that
of other medium-sized developed coun-
tries, but business support for R&D is
amongst the lowest of all industrial
COuUntrics.

+ Related to this, the guality and quantity
of Australian research is high, but its
performance in applying this research
in industry is dreadful.

Australia has a long tradition of ‘trun-
cated development’ in  technologically
based indusiries, a superficial form of
industrialisation where foreign factors of
production {capital, technology and
management) largely substitute for local
ones. The very high degree of forcign
ownership in  industry constitutes a
formidable disincentive to developing in-
digenous applied research or design skills.
Both are seen as strategic activities, car-
ried out at the place ;where strategy is
determined — head office, Subsidiaries
generally do not carry out all the func-
tions from original research to developing
an international marketing strategy. (ICI
and Philips stand out as exceptions.)
Many smaller firms prefer acquiring an
exclusive domestic franchise in mature
products developed overseas: as the licen-
sor updates, so does the licensee. The
need for local thinking s sharply reduced.

The philosophy of ‘truncuated develop-
ment’, promoted by Sir Rebert Menzies
and Sir John McEwen, but not under that
name, was politically popular and en-
joved  bipartisan support. It actually
worked very well for us in the 1950s and
1960s when we sold our staples at high
prices and bought back technology. Since
the 1970s, with dramatic changes in the
balance of world trade, ‘truncated
development” has been disastrous for
Australia. Qur proportion of world trade
in ETMS {‘elaborately transformed
manufactures’) actually fell between 1978
and 1982, Of the 24 OECD pations, we
rank 21st in the per capita value of tech-
nologically based expor(s, a mere one-
seventh of the GECD average, and only
one-thirtysecond of the leader (Switzer-
land). The only good news is that we still
outrank Greece, Iceland and Turkey. The
fact that we are failing in the fastest grow-
ing area of world trade should occasion
no  surprise: we  have actually pro-
grammed ourselves not to succeed.

Let me illustrate the point. The raw
materiais in my Japanese digital watch
{bought in 1978) are almost certainly Aus-
tralian —— iron ore, silica and silicon, lead,
copper and other traces. Their value is
hard to calculate exactly, but certainly less
than 10 cents. The watch was worth

almost a thousand times the value of the
raw materials.

Yolve, Saab-Scania, SKF, L.M.
Ericsson, Hasseiblad, Adlas Copeo, and
Electrolux are all household names in
Australia, originating in a country 13,000
kilometres away with barely half our
population. It cannot be said that Hilis
Hoists, Yiolet Crumbles, Vegemite or the
Holden have made a comparable impact
in Sweden. In October the Royal
Swedish Academy of Engineering was
holding a series of seminars in Melbourne
and Sydney to tell us how to do it: 1im-
agine it will be some time before cur In-
stitute of Engineers is in & position to
reciprocate.

The P A Technology survey asserts
that the Australian average level of
private applied research, expressed as a
percentage of revenue, is only 60% of the
average expenditure of the other countries
surveyed.

Partly as a result of the debate over the
past few years, and in particular the past
vear, there is an emerging consensus on
what Australia should be deing in the area
of S&T to improve its economic com-
petitiveness and its standard of living.
There is widespread, or at least growing,
agreement between the scientific com-
munity, government and industry on the
following points:

» Australia necds to at least maintain its
government-funded R&D and substan-
tially increase industry R&D, The draft
National Technology Strategy suggests
increasing private sector Gross Ex-
penditure on R&D from the present
level of 0.2% to 1% of Gross Domestic
Product.

¢ Australia needs to increase the benefits
from the research dollar by improving
the guality and application of research.
This will mean improved management
of staff and resources, and more effec-
tive communications, Haison and
collaboration between the performers
of research, especially the universities,
CSIRO and manufacturing industry:
that is my definition of ‘relevance’.

e Universitics will do the bulk of funda-
mental research but their expertise
would be made more available to help
industry  with its  problems. Their
rescarch would be done more effec-
tively, both in terms of its internal
orgamsation and its closer links,
through collaboration, 1o the strategic
research of CSIRO and the tactical
research of industry.

e industry should substantially increase
its R&D base, in order 1o reap the
benefits of both its own research. In-
dustry research will primarily be tac-
tical, but it will also contribute funding
to the research in CSIRO and univer-
sities.

Pablic sector science
The public sector performs about BO%e

of Australia’s R&D. Research in Aus-

tralia’s 19 universities accounts for about

30% of the total R&D effort. About 70%,

of this research is carried out in the

natural  sciences, MW in the social
sciences and humanities.

The broad role of universities is the
acquisition, preservation and transmis-
sion of knowledge. More specifically their
tasks include:

# the advancement of knowledge for its
own sake, with the freedom of choice to
pursue questions which may be unfash-
ionable or out of favour with govern-
ment or community opinions at the
time

# the training of the next generation of
researchers whose skills will be required
in both strategic and tactical, as well as
future fundamental, research.
Obviously if a university system loscs
its best people, national impact conid
be felt for generations.

To take the first point — the univer-
sities” fundamental rescarch role.
Academics have become very concerned
recently over what they sec as pressure by
the government to do work of more
refevance to industry, and hence a threat
toe their tradition of free enquriy., They
viewed as ominous a statement by the
Minister for Industry, Technology and
Commerce, Senator Button, (¢ the Na-
ticnal Meeting of Concern on S&T in
Canberra in April:

e [ firmly believe that a country’s scien-
tific gffort should include u proportion
of basic research of the highest quality.
To endorse basic research, however, is
not necessarily to say that it has fo be ol
the same level as at present, nor that
every basic research endeavour or area
presently in progress is unquestionable.
Thus Professor Adrienne Clarke of the

University of Melbourne in an address at

ANZAAS in August:

If our strength in basic reseqrch were
wegkened, we would become severely
undercapilalised with respect to fundg-
mental knowledge, we would erode our
position as q civilised ration and fose our
membership of the club of nations who
share knowledge and the capacity 1o ac-
cess this knowledgee. We would launch the
rext generation of Australians poorfy
equipped to deal with a world of rapidiy
changing values and technologies.

I do not disagree with what she says, ex-

cept perhaps the implication that strategic

research does not fulfil similar objectives,

The difference between the two is often

only apparent in the reasons for carrying

cut that research. But nor do 1 see any
great discrepancy between Senator But-
ton’s position on university rescarch and
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the view which Professor Clarke pul in
he ser, which generally speaking advo-
cates stronger links between universities
and U5IRO and business so that greater
benefits can flow from Australia’s Tunda-
mental research.

There are some semantic hang-ups to be
uithooked in the debate on research.
Some bureaucrats and politicians go while
and rigid at the idea of ‘curiosity led
research’ which they see as complete self-
inculgence, following whims and will-o-
the-wisps at public expense, whereas 1 seg
it as evidence of commendable determina-
tion to pursue knowledee of the universe
as far as it can go. ! rake up the point
made by John Gribbin in his In Search of
Schrodinger’s Car {19843 that the branch
of physics that has given us the transistor
radio, the Sony Walkman, digital wat-
ches, pocket calculators, micro computers
and programmable walshing machines
has been based on what used (o be regard-
ed as the most esoteric and remote of
inteffectual  pursuits — quanium
mechanics.

My particular hang-up has been with
the phrase ‘relevant research’, Relevant to
what? and in what time-rame? As 1 said
in my tabling speech for CSIROs 1983-84
Annual Report (9 May 1985, Hansard pp
19634y

Iris often insisted that CS5IROs
research musi be relevant, but refevance
has g disconcerting habit of changing
from vear 1o vear. The priorities of 1980
racey look absurd by (985, The prop-
ositions that in 1983 we could carry oul
only research which could be applied fo
J985 % indusiries is « guarantee of failure.
Hhen do we begin thinking about 19907
Must we walt for anather five vears? [f we
do, we will be doomed. There was a tell-
ing itustration of this point on & Muarch
1985 when Sir Roderick Carnegie assisted
the Minister for Industry, Technology
el Comimerce  (Senator  Button) 1o
Jaasich SIROTECH Lid, CSIROs new
rechnalopy  transfer company.  Rod
Carnegie said that we wust pui #1ore em-
phasis on refevant research, and the illus-
froiion he pove was botechnology. But
when did Biotechnology jump the hurdle
{0 hecome relevani? Yery recently. Even
fwo o or three years ago biotechnology
would have been regarded — although
not by e — as a classic example of pure
research, on the frontiers of knowledge. it
is essentic! (hat industey Hfeits currently
deplorable  performance and make a
serious effort in applied research.

it is important to note that much
university research  already has, and
always had, an applied orientation, par-
ticwdarly in the engineering, agricultural
and medical faculties. This is even the
ase with the Australian Research Granis
Scheme, the premier body for funding
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basic research. The document, ‘A Case
for the ARGS for 1985, notes that ‘itis in
the very nature of basic research that an
appreclable proportion of this research
activity must be allowed 1o progesd
without any constramts from “influences
external 1o the igner logic of science
isel”" 7. Yet fater on, the document states
that in 1981 40% of ARGS projects con-
tributed  Cdirectly  to specific  socio-
economic ohjectives’ and a further 25%
nad ‘identifizble indircet but potential
application 1o specifiable national objec-
tives or national needs’,

In fact, there is nothing new about
government  concern  to improve the
coordination  and  priovity-setting  of
university research in Australia, The crea-
tion of granting schemes for medical,
energy and agricultural research are all ex-
amples of this trend towards more selec-
tive distribution of research funds.

Australia s not alone in this. The
Netherlands  recently  introduced  new
measures 1o target university research
funds maore cffectively,, As well as the
rraditional svstem, based on student
numbers, the new  system  identifies
research for special support according 1o
the criteria of quality of research and, in
some cases, the relevance of the research
to natioral social and economic objec-
tives. By 1987, half of all university
research is expected (o be funded in this
way. S0 it would seem that ‘relevance’ —
so long as it is relevance at a distance ~- is
not as inimical to the universities” trad-
itional role as some of the recent debate
might suggest,

it 1s probably true thal universities are
already doing more with industry thao the
economic ratipnalists in Canberra are in-
clined to believe, Last vear for cxample,
industry and commerce gave over $14
million o uatversities Tor research, with
atimost $17 million more coming from
non-government  medical  foundations,
overseas bodies and grants from  the
general  community. The universities’
independent consulting companies carned
about §7 million. But the figures are still
very tiny, barely 2% of the total cost of
running universities,

More developmenis in the field of uni-
versitv/industry collaboration are plann-
ed. The Ausiralian Vice Chanceliors’
Committee and the Business Council of
Aaustralia have established a joint working
party on university/business cooperation
to consider such matters as:

e how 10 promote more effective
consultation between the two groups,
Lo improve a two-way flow of informa-
tion berween them on R&D reguire-
ments;

# the quality and gquantity for graduates
and the adequacy of degrees in prepar-

ing people for work in industry and

COMMEerce,

L understand options the joint working
party  are  considering  include:  the
appointment of business liaison officers
ar universities; reciprocal appoiniments to
appropriate university committees  and
company boards; the retention of
academic consultants by private corpora-
tions; and cellaborative awards in science
and engineering which will cncourage
post-graduate students o do industrial
research under joint supgrvision.

1 see the past trend towards universities
doing more strategic research continuing.
In essence the Federal Government is
seeking to do no more than urge univer-
sities (o be more effective at what they are
alreacy doing. Let them redouble their
efforts.

Both the recent OECD Examiners’
Report on Australian science and the
draft National Technology Strategy place
heavy emphasis on the need (o upgrade
educational  standards, particularly in
scientific and technological subjects.

Thus the draft National Techuology
Strategy concludes:

Participation rates in both secondary
and tertiary education should be increas-
ed, particularly in rechnology related sub-
Jects and especially amongsi women. The
probiem is as much one of fow or uncer-
tain demand for technology skills and
unfavourable siudent perceptions as il s
one of educarion supply, Education needs
{0 be recurrent rather than front-ended,
and industry needs to take greater respos-
sthilivy for tratning and retraining.

The OECD report states:

Sciertific discovery and public wnder-
standing of scientific issues are amonyg the
HOSH imporiant amenities that rich coun-
tries can afford. Technical understanding
is critical to virtually every aspect of
modern life. People need rechnica! educa-
Hom as voters and as citizens. Many of the
most iaportant decisions made in demo-
cracies — abowt disarmament, for exam-
ple, or aboul nuclear power — require
technical  undersianding.  People  need
techmical  education @5 consumers of
miodern goods and services. They need it
as workers in the private and public sec-
tors, and in order (o be prepared for new
kinds of work in the future.

Only about a third of our 17 vear
olds are still at school, compared with
almost 90% of Japanese 17 year olds. The
proportion of our labour force entrants
with degrees or diplomas doubled 1o 7%
betweenn 1930 and 1980, but in Japan
there was a 40-fold increase from 1% to
39%s, The average skill base in Australiais
thus growing only slowly, at a time when
that of much of the world in general, and
the Pacific rim in particular, is increasing
rapidly, The participation in  higher

education amongst 17 to 24 vear olds is
also low by international standards, and
has declined since 1976, Total enrolments
in bachelor courses in the natural and ap-
plied sciences, engineering and technology
have fallen substantially relative 1o total
bachelor enrolments.

The situation for women is particularly
bleak. Only 4% of tertiary education
students in engineering and technology
are women in Australia. In Sweden, by
contrast, some 15% of students in
technical universities are women and at
the Massachusetts Institute of Technology
women account for 17% of engineering
students. Clearly there is a need for
students, especially women, to be better
informed about career prospects in S&T
and for curriculumns, especially in secon-
dary school, to relate science to everyday
life and work.

One feature of modern society, with its
rapid rate of technological change, is the
need for recurrent training. As the OECD
report notes, the skills of a 30 year old
electronics engineer, for example, pro-
bably become obsolete every four years or
so, He or she will need to be retrained,
gither on the job or at university or
technical college, A priority in the educa-
tion field is for more active cooperation
hetween the higher education sector,
government laboratories such as CSIRO,
and industry in the training and retraining
of scientists, technologists and technical
staff.

CSIRO, Australia’s largest scientific
research organisation, carries out about a
quarter of the country’s R&D, measured
in terms of expenditure. 1t is the primary
source of strategic research, to which it
devotes about 60% of its effort. Tactical
research makes up a (urther 30%, and
fundamental 10%. The division of its
research towards economic, social and
cultural objectives is about 85: 10 5.

As with the universities, 1 do not see
any fundamental changes to CSIRGQ’s role
as necessary, rather what is needed is a
concerted effort to increase its effective-
ness in that role. While there has been a
push to have it do more research of im-
mediate relevance to industry, better-
informed commentators recognise that
CSIRO’s strength is and should remain
longer-term vescarch broadly applicable
to national needs and problems.

There wiil be, however, some shift
towards doing more short-term tactical
research  for manufacturing  industry,
both to bridge the gap between the Organ-
ization’s strategic research findings and
the industry’s own poor capacity to take
up these findings and to make it more
familiar with the industry’s problems.

CSIRO is already doing this. The
Oreanization  has  responded (o the
challenge it faces in offering manufac-

turing the same sort of contributions it
has made to agriculture and mining. This
vear, and building on earlier initiatives
such as changes to promotion guidelines
which give greater recognition to con-
tributions to industry and the community,
we have seen:

» launching CSIRO's technology transfer
and commercial assessment company,
Sirotech Limited. Sirotech has alrcady
scored some notable successes, with
several more in the offing;

e establishing a CSIRO Gifice of Space
Science and Applications — COS5A —
which has already coordinated a
number of ventures bringing scientists
and industry together in this field.

introducing of a corporate planning

systemm to decentralise rescarch plan-

ning and to ensure that potential users
are consulted in defining rescarch
objectives;

e appoiniing a director of information
and public communication, the launch
of a series ol booklets on CSIRO's
research, the issuing of new staff guide-
lines on public comment and other in-
itiatives to improve communication
with industry and the community,

# gefting up a manufacturing industry

collaborative research scheme (o pro-

mote research carricd out with manu-
facturing companies;

creating a Division of Information
Technelogy and an Organization-wide
collaborative program to strength its
work in computer-based information
technologies.

Industry science

There is no doubt that industry is the
weak link in the chain, the laggard. It per-
forms less than 20% of Australia’s R&D.
Without its active and enthusiastic
couperation, all the initiatives of univer-
sities and CSIRO and other public
research institutions will fall far short of
achieving their intended objectives.

How far should manufacturing in-
dustry be blamed for its poor perfor-
mance in R&D? The policy of industrial
protection was appropriate for its time,
but it long outlived its appropriateness.
To a large extent, today's industry i3 a
captive of its history, industrially and
politically. Many of the industry’s present
chief executives climbed the corporate
ladder during this era. Technological
innovation and R&D are not part of their
way of thinking. And, as Paul Keating
pul it with his customary acuteness, there
is still a ‘redpeck’ element in manage-
ment.

Hugh Stretton puts the blame firmiy on
business and government. Industrial
protection, he said, has been a good prin-
ciple badly practised. In his contribution

to Australio, The Doeedalus Symposiue,
published in the US by the American
Academy of Arts and Sciences (and here
by Angus & Robertson), Streton notes
that Ausiralia has produced respectable
numbers of excellent painters, writers,
musicians, sclentists, scholars, doctors,
lawyers, engineers, accountants and other
professionals, and world champions at
many sports and games. *Only ar two ac-
tivities — business and government do
Australians seem to be incurably
mediocre’, he says.

He notes that in their book Elites in
Australia, John Higley and his associates
classed as entrepreneurs only four of 81
board chairmen and chief executives of
the 54 largest corporations in Australia.
And of the 100 richest Australians with
personal fortunes above $15 million listed
by Business Review Weekly in its first
survey (Nov, 12-18 1983), he says: ‘Very
few have invented anything or done much
technical R&D; scarcely any have made
significant use of Australian science. The
brainiest one who showed the greatest
technical ingenuity got rich by inventing a
computerised betting system.” [n lairness,
it must be said that by the third (1985)
survey, a significant proporticn of the 253
individuals (200 entries) were at least in-
vesting in high technology.

Stretton continues that a more objec-
tive view of the contrast between Aus-
tralians’ excellence in arts and science
with their mediocrity in business and
government is apparent in the fact that
Australians make up 0.3% of the world’s
population, write 2% of the world's scien-
tific papers, win 1.3% of the postwar
Nobel Prizes, make 0.7% of the world’s
patent applications, develop 0.2% of
patents to production, and produce G.1%
of the world’s high technology output.

‘Many Australian business owners and
managers’, be says, ‘are very ignorant and
anti-intellectual, uneducated in anything
except perhaps accounting. What stops
them from understanding their scientific
opportunities also stops them from know-
ing the above figures or understanding
their implications. Many firmiy Dbelieve
and never tire of declaring that business-
men are Australia’s dynamic and produc-
tive clement while academics — at best
cultural ornaments and at worst drones
and parasites — are a luxury the country
can il afford. Accordingly, the conser-
vative businessmen’s government of
1975-83 began to reduce the universities’
resources year by year, while in the name
of supply-side economics increasing
various business subsidies and tax exemp-
tions. Australian business absorbed the
aids and exemptions, and year by year
continued {o reduce its already small ex-
penditure on R&D. Thus, the OECD
country with the most extreme disparity
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hetween its avademic and business perfor-
mance is the least able to undersiand the
facts or costs of that disparity, or to apply
corrective policies,”

Stretton may be judging us too harshly.
For example, some dispute that the treat-
ment of universities was as bad as he
indicates.

Yet the P A Technology survey [ have
already briefly mentioned does support
the view. that Australian business still
holds to an alarming anachronistic view
of S&T. It was their second survey of
senior executives from manufacturing,
engineering and processing companies in
Australia, the United States, West Ger-
many, Britain and Japan. Let me list
some of their conclusions and findings:

s the 1985 survey does not seem {o show
any improvement on the 1984 survey
which revealed Australian executives
did not know how to apply technology
to make their companies more com-
petitive. Companies still grossly under-
estimate the strategic importance of
technological investment and resources
by comparison with their competitors
overseas.

e 53% of Australian executives inter-
viewed have an optimistic attitude to
growth, to the markets and to tech-
nology, yet they expect this growth and
optimism to continue with minimal in-
put of financial and human resources
into R&ED,

» MNone of the Australian executives inter-
viewed believed an increased expen-
diture on R&D was a strategic factor in
pursuing growth through technology.
In comparison, 27% of overscas ex-
ecutives  interviewed indicated that
boosted R&D  expenditure was the
primary response.

On a slightly more positive note, while
Australian executives did not see R&D as
a high priority in achieving overall
growth, 50% did expect to spend more on
R&D.

At least there is onc promising sign
there. And [ believe there have been
others recently, particularly in the opi-
nions expressed and actions taken by
business groups such as the Business
Council of Australia and the Metal
Trades Industries Association.

The Australian position stands in stark
contrast to the US situation. BRusiness
Week reported in July that R&D expen-
diture by the 820 companies in its R&D
scoreboard — which range, as it says,
from ‘the battered industrial giants of the
Rust Bow!l to the high tech darlings of
Siflcon Valley’ — shot up by 14% last
year, the biggest gain since R&D spending
began a steady climb in the late 1970s.

The biggest spenders were [BM which
foosted R&D spending by 25% 10 US$3.2
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billion and General Motors, up 8% to
$3.1 billion - sbout 10 times CSIRO's
total budget, Other big spenders include
ATET (52.4 billion), Ford Motors {(31.9
billion), DuPont ($1.1 billion) and
General Blectric (51,0 billion).

The Government is doing all it can to
establish the right policy environment, in
terms of providing both a favourable
general economic climate and an approp-
riate industry policy. In doing this we ref-
ject the ideological extremes of leaving
everything to market forces, or of massive
government intervention and direction.

One of the most challenging tasks we
face is to achieve greater cc-ordination
between policy instruments available to
government at all levels. State purchasing
preference schemes, state offsets policies
and a wide range of inconsistent regula-
tions are among the probiems, Even at the
Federal Government level there is the dif-
ficulty of co-ordinating the direction and
activities of an array of government
departments and agencies which have an
infiuence on industry policy development.

Of particular importance to science in
Australia 1s the 150% tax deduction on
R&D investment introduced this year, We
are optimistic that this will not only
reverse the decline in R&D performed by
the private sector but also increase its fun-
ding of research in public sector research
institutions.

But the tax incentive will not work if in-
dustry feels little need to spend on R&D.
In the final analysis, we have to under-
stand that the task is a shared one —
between  vou, the sclentists, we the
government, and industry. We have to
break down the culiural barriers and
institutional rigidities that separate us, to
free up the flow of ideas and people, par-
ticularly between research institutions and
between them and industry.

As 1 said in my opening remarks, there
is & growing recognition of this need and a
willingness to do something about it. But
it is still very slow. The sleepers are taking
some time to wake. There romains the
hard work of translating this recognition
and willingness into concerted and con-
crete action, to make the most of the
tremendous human and natural resources
this country possesses.

Final words

I have discussed the role of science in
terms of its economig, secial and cultural
objectives — mainly economic: that is,
technological innovation and the genera-
tion of wealth. In these terms, the func-
tion of science is to do research and to
educate and frain others, towards these
objectives. This has been my focus
because it has been the focus of public
debate and political decision making.

But science has another function, a

moral one, That is to ensure that the com-
munity is made aware of the directions
and the results of seience: its promises and
limitations, its benefits and risks. Scien-
tists are by no means the only people
gualified to comment on these matters,
but their intimate invelvement in scien-
tific developments makes them well plac-
ed to consider the implicarions of those
developments. CSIRO is to be commend-
ed for encouraging s staff, in its new
guidelines on public comment, to talk not
only about their work, but also to con-
tribute to public debate on scientific and
technological issues relevant o their
expertise.

Professor Gerald Holton, of Harvard,
discussed this issue in an article in the
Times Literary Supplement 2 November
1984) headed ‘Do scientists need a phil-
osophy?’ He noted that, at least amongst
physical scientists, ‘the immense forward
thrust today is necither enlightened nor
diverted by epistemological debates of the
kind that engaged so much energy and
attention in the past, through the first hall
of this century.’

While Einstein and his fellow students
read Plato, Spinoza, Hume and Mill, the
Nobel Prize winning physicist Shelden
Glashow and his fellow students read
Velikovsky and L. Ron Hubbard. Holion
suggests  that today's scientists have
redirected this ‘energy of explicit philoso-
phising’ into ancther branch of
philosophy, namely ethics,

"To a degree unimaginable a few
decades ago,” he says, ‘sclentists are
discovering that there is a morality which
the enterprise of science demands of itself
— even if such concerns are as yel ex-
pressed only by a small fraction ol the
total community. Indeed with abowt one-
third of the world’s scientists and engi-
neers working divectly or indirectly on
military matters while the arms race pro-
ceads unchecked, this transfer of atten-
tion from epistemalogical to ethical prob-
lems may be too little and too late. At this
ominous junction of science and history,
as we watch the growing reign of the irra-
tional in workl affairs, the debates of
former times to give precision to scientific
rationality seems curiously antiquated.
Perhaps this redirection of philosophical
concerns signals a growing awareness that
the process of scientific innovation is not
in danger — but that humanity is.”

Thus, in a very real way, the more ef-
fective harnessing of science to revitalise
industry and generate wealth — the
source of so much debate in Australia to-
day - 15 only a start - and the easy part.

Motes

1. This paper is a slightly modilied version of
the i6th Lady Masson Memorial Lectureship
delivered at the Chemistry School, the Univer-
sity of Melbourne on 1 October, 1985,

University fees

Senator L. J. Puplick

Liberal Senator for New South Wales
Parliament of Australla

The tertiary fees debate! continues to be
an open-cnded one shaped by require-
ments to balance the issues of social equi-
ty, individual capacity to pay, the
desirability of widening aceess to tertiary
education and the right of the public to
expect thefr tax dollars to be properly
spent.

The Whitlam Government abolished
fees on 1 January 1974, at the time
estimating that the cost would be in the
arder of $27m for university fees and $7m
for technical college fees.? Tt is interesting
to note that the total outlavs by the
Commonwealth on tertiary education in
1972-73 was $262.8m, but in 1973-74 ter-
tiary education expenditure was $524.3m,
an increase of some 100% over the
previous year, This increase in direct
Commonwealth expenditure was offset by
an equivalent reduction in Common-
wealth grants to the States in that year,

Let us vompare those figures with the
amount now spent on tertiary education
by the Federal Government, The 1985-86
estimate is $2,517.2m. This represents an
increase in money terms of some 380%
over the past 12 years. However the real
increase in tertiary education spending
from 1975 to 1985 is negligible (6.3% in-
crease in real terms over the period)’,

As part of its attempts to wind back
fevels of Government expenditure, the
Fraser Covernment atiempted to re-
introduce fees for second degrees, but the
measure failed in the Senate in November
1981,

The report of the Commitiee of Review
of Student Finances noted in March 1983;

The selective introduction of fees in this
way igrnores the need for a strengthening
of research aciivities, and the need (0 en-
courage new skills and upgrading in a
time of rapid technological and economic
change. Fees would impose even greater
hardshipp upon  postigraduate  siudents
withou! awards and act as a further
disincentive to disadvaniaged groups.®

This view of course raises two guite
distinct questions, the first related to post-
graduate degrees, where 1 think the argu-
ment s well founded; and the second to
the impact of fees on the socioeconomic
mix of tertiary students, where | think the
argument fails,

The histery of fees is an interesting one
from the Federal Government’s perspec-

tive, The Commonwealth, prior to the Se-
cond World War, had no funding role in
the university sector, however the wartime
shortage of graduates led the Government
to assume some financial support for the
universities and some students. Living
aliowances and tuition fees were introduc-
ed in 1943.°

This arrangement continued until the
introduction of means tested scholarships
in 1931, This Commonwealth Scholarship
scheme was expanded in 1966 and by 1973
40,760 university students and 10,567
CAE students were receiving scholar-
ships.® There was, I believe, a general ac-
ceptance that the Commonwealth
Schefarship Scheme worked in a very
satisfactory fashion and indeed for most
of its existence it was further com-
piemenied by a widespread existence of
other scholarship schemes. One of the
most regrettable consequences of the deci-
sion of the Whitlam Government to
abolish fees was to provoke the collapse
of other scholarship schemes such as
those provided at Education Department
Teachers’ Colleges, or by other State
Government Departments such  as
Agriculture, or by the private sector
which offered various tied scholarships.

The economics of fees

Students on campuses around the coun-
try have expressed their opposition to the
concept of the re-introduction of tuition
fees.” This is not surprising as no-one likes
the idea of paying for something that is
presently ““free’’. Some students have
responded in surveys that the re-intro-
duction of fees would cause many to post-
pone or cease their studies.® It was argued
by Malcolm Fraser when the Whitlam
Government abolished fees that the fees
system encouraged students to work hard
and pass examinations and that the aboli-
tion of fees would require the universities
to scrutinize standards even more.” This
argument has been counterbalanced by
others claiming that it is the parents who
would be paying the fees for a large pro-
portion of students so there is little incen-
tive for the students to perform except out
of obligation. '

It is important to ask whether the aboli-
tion of fees in fact had any impact upon
the socioeconomic mix of students in
higher education and whether it in any

way achieved its stated objective of bene-
fiting the ‘socially disadvantaged’. A
survey undertaken by the University of
Melbourne and published recently in The
Bulletin seems to indicate that there has
been very little change in the social com-
position of the students attending that
university;

Taking figures for 1962, when tertiary
Jees were charged, the enrolment make-up
comprised 58 percent of studenis from the
high income bracket, 22 percent from the
middle and 20 percent from the lower in-
come grea, The academic year following
the removal of tertiary fees (1975} showed
a student body composed of 55 percent
from the upper income bracket, 18 per-
cent from the middle income section and
27 percent from the lower income area.
The 1980 survey showed that 35 percent
of students were from the upper income
area, 19 percent from the middle and 23
percen! from the lower incame bracket, !

This evidence shows that when com-
pared with the distribution of the work-
force as a whole, the children of upper in-
come families have a much better chance
of attending university than their counter-
parts in lower income families, regardless
of whether fees were being charged or
not,

There have been other studies on the
consequences of the abolition or possible
re-introcdhuction of fees, D.S, Anderson et
al produced a comprehensive report on
the social composition of students since
the abolition of fees. Their conclusion
was that at best, the abolition of fees has
had some effect on the accessibility of
higher education, but at worst, it could be
seen as a further benefit to the
economically advantaged at the expense
of the average taxpayer.'*

More recently Anderson has claimed
that his research has been misused and
that the ‘effect of the abolition of fees.
would take six or seven years to become
clear’.1® He believes that the work he did
in 1979-80 had shown that there was some
movement towards greater ‘equity’ in ter-
tiary education.

Don Smart and others in a recent paper
‘The Hawke Government and Edugation’
have concluded that the essential return to
‘pragmatic’ education policies, including
the possible re-introduction of fees along
the lines suggested by Senator Walsh with
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