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Electrical engineers develop rapid 3-D sizing technique 

The computer measures up
 
R rsrARCHERS IN the Department of 

Electrical Engineering have developed 
a computer visio n syste m which co uld lead 
to mo re rel iable screening for curvature of 
th e spine . 

Senior lecturer D r Kim Ng and Mr Ri ck 
lcxander, a PhD candidate. sa y t he sy stem. 

which rapidly produces and measures images 
of o bje cts in three-dimensions and is gener
a lly chea pe r th an its rivals. could be used 
wid ely in medicine and industry. 

Th e new sys te m d isplays back disfigur
a t io n as a three-dimensi on al im age on a 
video monitor and measures its severit y. It 
can al so be used in computer-assi sted de sign 
and robot visio n. 

Ng became interested in applying it to th e 
detect io n of scoliosis (sideways curvature of 
the sp ine) when he heard that the S ingapore 
Government had begun a program to screen 
all school children for early s ig ns of the 
cond ition. 

A projector attached to the computer 
throws a pattern of 64 horizontal stripes 
onto the back and the resulting image is 
recorded by a video camera. 

On a completely nat su rfa ce. the stripes 
would be st ra ight. But because the back is 
curved. so are the stripes. and the computer 

n use the difference between the straight 
and the curved images to construe..'t a three
d imensional model of the back. 

The com p ute r can cal culate the distance 
from th e ca mera 10 any specified point 
a lo ng a s tripe by means o f triangu lation. 
using t hc angl e and d ist ance between the 
ca mera and t he project or ina manner 
sim ila r to su rvey ing. 

But in o rde r to do this accurately. the 
computer must be able to det ermine in 
wh ich stripe the point is located: hence th e 
stripes must be labelled. It is not a lways a 
m atter of co u nt ing d own the s t ripes from 
th e lop . as most backs will be covere d by less 
than 64 stripes a nd the top andor bottom 
stripes may be mi ssin g. 

T o label (he st ripes. t he projector tla shes a 
se ries of six different patterns where some of 
th e stripes a re illuminated and th e others 
darkened. For each of the 64stripes. there is 
a unique sequence of light a nd dark which 
the computer ca n detect from the vid eo 
image. . 

For example . the top s tripe is coded dark
dark-dark-dark-da rk-da rk and the 64th. 
Iigh t-I igh t-Iight-Iigh t-light-I igb t. 

The projector creates the striped patterns 
using a liquid crystal light valve. Liquid 
crystal devices can form patterns by darken
ing small sections in response to electrical 
signals. They are most commonly used in 
d igit al watches and calculators. 

Alexander sai d the usc of the liqu id cr ystal 
light va lve significantly reduced thc co st of 

• A conto ur map superimposed on a model of the human back 
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• A computer image of a telephone cover 
constructed from data points measured by 
the new system 

the new system. "In the past. lasers. electro
o pt ic crystal shutt ers and photo slides have 
been used instead of liquid crystal ." he sa id . 

The coding enables th e co m p ute r to iden
tify any stripe photographed by the camera. 
Each st ripe then is convert ed into a se r ies of . 
64 points. each point corresponding to a 
particular point on the ba ck. The d istance to 
a specific point on the back from the camera 
then can be calculated by triangulation. 

From these data the computer builds up 
an image of the back and displays it on the 
monitor screen. "The d isplay is made up of 
about 2000 data points. in the fo rm either o f 
a shaded. smooth-surfaced reconstruction 
or a w ire-frame outline of the back." he said. 

Further. a series of color contours of 
points equid istant fro m the camera (or any 
other reference plane) then ca n be super
imposed onto the orig inal video image. 
They form a picture o f the back which looks 
s im ila r to a relief map. the contours repre
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senting differences of five millimetres. 
The contours representing those parts of 

t he back which are closest to the camera 
(raised most from the back) are colored red 
by the computer. And they gradually shade 
through yellow and green to blue, which 
shows areas receding from the camera . The 
colors can alert a doctor to any unusual 
humps or depressions on the patient's back 
which could be a sign of scoliosis. 

The researchers are developing other pro
grams which produce measurements de
scribing the extent ofdeformity of the back. 

"The system examines a volume of 50 em 
by 50 ern by 50 ern, but it can be adapted to 
screen any size by proper choice of projector 
and camera lenses," Alexander said. 

At present, mass screening generally is 
done visually. Any person who needs further 
examination then is referred to an ortho
paedic specialist for clinical examination. 
Where necessary. x-rays are taken to deter
mine the actual shape of the spine. 

"While visual screening techniques have 
been successful in the clinical situation. they 
are inconvenient for mass screening and rely 
heavily on the skill ofthe observer." Ngsaid . 

"It is a lengthy and costly process. Studies 
have shown that screening using reliable 
measurements of the back results in fewer 
normal children being referred for x-rays 
unnecessarily. Our system can provide such 
measurements reliably and within 20 
seconds," Ng said. 

There is an alternative system the 
Moire Fringe technique - which also gives 
a contourgraph of the back. but interpre
tation is expensive and slow. 

Ng said : "A n untrained person looking at 
this contourgraph will not be able to dis

• Dr Kim Ng (foreground) and Mr Rick Alexander with their 3-D measurement system. The 
projector (beneath tripod) throws stripes onto the torso, which is then recorded by the video 
camera at Alexander's left hand 
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• The 3-D measurement set up . The distance to data points a/oog any stripe can be calculated 
by knowing the equation of the plane of the stripe, the geometry of the camera and the 
projector. 

tinguish eas ily between a hump and a 
depression on the patient's back. For this 
reason a trained analyst usually interprets 
the data manually. Automatic but complex 
interpretation techniques are being de
veloped . 

"Because our system uses colors. it gives 
the same information at a glance. The 
intervals between contours also can be 
changed easily to obtain different resolution . 
That is to say a doctor could adapt our 
system to show differences in depth of one 
millimetre, rather than five." he said. 

Ng and Ale xander believe their syst em 
has many potential industrial applications. 
"For in stance. computeri sed three
dimensional measurement packages are used 
for ensuring that manufactured parts, which 
need to have pre cise measurements, have no 
faults. 

"Windscreens are a good example of this. 
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Our machine could quickly and cheaply co 
firm that each windscreen had been f'orrnec 
to the exact shape required ," Alexander 
said. 

"We already have a working system, built 
around a portable micro-computer. It is a 
prototype which can be modified for specific 
applications." 

The system also could be effective for 
three-dimensional computer-assisted design 
or in thc development of robot vision to 
make industrial robots more independent 
and mobile. and hence more flexible . 

Ng said : " If a robot could distinguish 
where an object were . and -itsshape and size, 
then there would be an increase in the 
number of tasks which robots could do. 

"Even if such vision were somewhat rudi
rnentary.t he robot could inspect objects for 
faults or make decisions as to whether it is 
putting a n object in the right place." he said. 

But in order to do this. a robot needs to be 
able to discriminate between what it has 
work with and what it ha s to avoid . / 
important part of this exercise is de
veloping a system whereby the computer 
can gauge an object's measurements in 
three-d ime nsions. 

The acquisition und er the Victorian 
Government's offsets policy of the Bur
roughs B71100 mainframe computer by 
Monash University has helped to support 
Ng and Alexander's project. The State 
Government has a similar Burroughs com
puter and. as part of the offsets deal, it has 
access to the Monash computer when its 
own computer becomes overloaded or fails . 

But the Government must pay for their 
Monash computer time. Money accumula ted 
under this arrangement is allocated to com
puter research projects which could benefit 
industry. The body mainta ining this liaison. 
the Computing Research and Development 
Fund, has three members; one from Monash. 
one from Burroughs and one from the 
Department of Industry. Technology and 
Resources. 

Valuable support also has been given by 
the Australian Computer Research Board . 

- LIZ RIVERS 
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Yabbies could work for Victoria
 
THETHOUSANDSOFminers who tunnelled 

for gold last century may be partly 
reponsible for a new Victorian industry. 
yabbie farming. 

Their activities not only riddled the 
Victorian countryside with holes, bUI also 
led to mercury contamination of creeks and 
waterholes. 

And, in an effort to assess the extent of 
that pollution, Monash zoologists Dr Sam 
Lake and Mr Anthony Sokal studied the 
ecology and biology of the Yabbie, Cherax 
destructor, to establish its suitability as a 
pollution indicator. 

Ms Pattama Sarnarat, a Master's student 
in the Graduate School of Environmental 
Science, picked up on and extended these 
studies into a thesis entitled, Potential for 
Yabbie farming in Victoria a land 
capability assessment . Samarat is from 

iailand where the related activity of shrimp 
arming already is big business. 

The study, supervised by Mrs Andrea 
Lindsay, assessed how to raise yabbies with 
the minimum of effort. It concluded that 
much of Victoria is unsuitable for economic, 
low maintenance yabbie farming because it 
is too cold to grow yabbies quickly. 

The report includes a map showing which 
areas of the state would be best for yabbie 
aquaculture. The highlands and much of the 
south are too cold for too much of the year. 

"This leaves the northern Mallee, a little 
of the North Central district and the less 
hilly parts of East Gippsland. These are the 
districts where a search for suitable locations 
is likely to be fruitful," Lindsay said. 

One way around the problem of low 
temperatures is to use waste heat from 
industry to warm dams. The State Electricity 
Commission of Victoria, on recommen
dation from Monash, is looking at using 
surplus heat to warm its Hazelwood 

.ndage, 
Sarnarat's thesis suggests that ya bbies 

generally are easier to raise than trout, 
which are already the centre of a successful 
aquaculture industry in Victoria . 

"Yabbies are a good aq uacultural animal 
because they will tolerate much harsher 
conditions than trout, as is shown by their 
wider natural distribution," Lindsay said . 

"If necessary, they will live in water which 
is turbid, still, salty, low in oxygen or 
slightly polluted with pesticides. Trout 
require clear, fresh water with a fairly high 
oxygen content." 

The yabbie's attractions as a gourmet 
food were documented as early as 1l{41, 
when J oh n Ed ward Eyre recorded the 
techniques used by Aboriginal women to 
catch the animals. 

In the 1960s, an enterprising group of 
West Australians began to farm the Marron, 
Cherax tenuimanus, a cousin of the Yabbie. 
It was exported to Europe, where freshwater 
crayfish has been a delicacy for centuries. 
Only in the past fcw years, however, has 
such an ind usuy looked like developing in 
t he eastern states to cater fo r the widening 
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tastes of restaurant patrons. 
When Samarat began her study nearly 

three years ago there were only two yabbie 
farms in Victoria, both of which were on 
sheep properties. But increasing demand for 
yabbies and hence potential profit from 
farming has stimulated an upsurge in 
inquiries · . even from people trying to find 
a use for their backyard swimming pools. 

Among the environmental factors likely 
to affect yabbie farming, Samarat pointed 
to temperature and land form as being the 
hardest to modify. She also assessed how 
yabbie farming would affect surrounding 
land , and which soil, vegetation, slope, 
winds, water depth and water temperature 
were best. 

Lindsay stressed that the study was a 
preliminary one, and that farmers would 
need to test Sarnarat's findings. "Our biggest 
problem is persuading farmers to contact us 
after trying these techniques, to explain 
their difficulties. Community co-operation 
is needed if the research is to produce 
practical techniques." " 

She said the next step would be to publish 
a book on yabbie farming which would put 
Sarnarat 's findings in an easily under
standable form. 

The Australian Water Resources Council 
have already published a book of Lake and 
Sakal's results called, Ecology ofthe Yabby. 
Cherax destructor. 

The two researchers found that the con
centration of mercury in the yabbie's 
abdomen muscle could indeed be used to 
monitor the extent of pollution. 

In addition , they looked at the distrib
ution, growth , population, ecology, diet and 
feeding behaviour ofyabbies. They captured, 

branded and recaptured at regular intervals 
members of yabbie populations in dams at 
Dookie (near Shepparton, about 180 km 
north of Melbourne) and Trentham (about 
100 km northwest of Melbourne). 

Lake said: "It is relatively easy to measure 
the mercury content in dam or creek sedi
ments but this won't give a reliable indication 
as to how much metal will be absorbed by 
aquatic organisms." 

But the concentration of metal in yabbie 
a bdomen muscle gives a very good indication 
of how much acts biologically, he said. 

Their research identified how food supply 
and water temperature control growth rates 
and showed how mating seasons vary with 
locality. 

"It would appear that Cherax destructor 
grows faster and larger in warmer waters, 
particularly in the early summer months 
when food, mainly detritus (decaying 
carrion, foliage and other organic matter), is 
plentiful. 

"There is a saying that you can catch a 
yabbie in any month which has an 'r ' in it, 
which makes sense because the months 
without an 'r' are the winter months when 
water temperatures are low," Lake said. 
During these colder periods, yabbies are 
inactive. 

Because males are larger and do not stop 
growing at sexual maturity, for yabbie 
production it would be worth biasing the 
sex ratio towards males, Lake said. 

The Australian Water Resources Council 
financed Lake and Sokal's research and the 
Department of Conservation, Forests and 
Lands comrnissioned/ Samarat to study 
yabbic aquaculture. 0 

• The common Australian Yabbie, Cherax destructor: a good aquaculturaJ animal 
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Study links droughts 
in three continents 

-BELOW: Dr Pat De Deckker and his team 
readying the sampler to take 

another sediment core 

A T EA M Of' geographers has esta blished 
that over the past century important 

river basins on three continents have had the 
same flood years and drought year s. 

The study shows strong climatic links 
between the Darling River catchment in 
Australia , the Nile River catchment in 
northeastern Africa and the Krishna River 
catchment in northern India. 

These results fit closely with recent 
research, which links the warming of sea 
water off Peru in December. known as the 
£1 Nino effect, with a weakening of the 
easterly central Pacifi c trade winds . Every 
time EI Nino conditions prevail ed, droughts 
occurred in the Darling, Nile and Krishna 
valleys . 

And the data also would seem to support 
the argument that desertification , while it 
might be exacerbated by human activity in 
local areas, is basically a climatic process. 

The study is part of a much wider research 
program, under the leadership of Professor 
Martin Williams of Monash and biologist 
Dr Don Adamson of Macquarie Univer sity, 
which aims to build up a picture of world 
climate over the past five million years. "We 
want to esta blish the pattern and tempo of 
environmental change to allow us to test 
models offuture climatic change,': Williams 
said. 

In the study the team looked at monthly 
flow records forall the important tributaries 
of each of the rivers from 1977 to 19n, and 
traced the progress of any flood peaks. 

This allowed selection of a key station on 
each river - Wilcannia for the Darling, 

4 

near Aswan for the Nile - at which the 
records gave a good average picture of the 
flood state of that river. a nd hence of the 
rainfall at its headwaters. 

Comparison of the data between the 
rivers showed that the years when the flows 
were well a bove aver age coin cided, as did 
those when the flows were well below 
normal. The correlation weakened in those 
years when the flows more clo sely a p
proached the average. such as during the 
1930 s (when no EI Nino event s were 
record ed). 

The El Nino event is ju st one link in a 
climatic chain which has widespread impact. 
Researchers as yet have uncovered no fir 
cause, but unravelling the chain of event 
may well allow drought and flood and even 
crop yield forecasting. 

EI Nino seems to be a consequence of a 
much wider climatic effect known as the 
Southern Oscillation , when the wet season 
trade winds do not come as far south as 
usual. 

Professor William s said : "In normal years, 
th e sta rt of the wet season in tropical 
Australia in No vemb er is heralded by severe 
convectional storms. Heating by the sun 
warms the ground air over Indonesia, which 
rises creating a low pressure system. 

But in certain years, he said , the pres sure 
in the area remains high and the sea surface 
temperature abnormally low . This is associ
ated with a failure of the easterly central 
Pacific trade winds, which normally guide a 
warm current down the east coast of Aus
tralia bringing rain. 

(The effect is so pronounced that Dr 
Neville Nicholls of the Bureau of Meteo 
rology in Melbourne recently published , 
paper in which he showed how the annual 
Sorghum yield in Queensland could be 
predicted from knowing the atmospheric 
pressure at Darwin at certain times of the 
year.) 

On the other side of the Pacific, without 
the easterly winds to take warm sur face 
water away from the Peruvian coast. the 
usual nutrient-rich upwelling of cold water 
is smothered, leading to the unusually warm 
water and winds around Christmas time, EI 
Nino (the Christ Ch ild). This in turn means 
poor anchovy fishing in Peru and flood s in 
California . 

But the links appear to extend far beyond, 
to the appearance or otherwise of the Indian 
monsoon, the track of central Pacific 
cyclones , and perhaps even the limits of 
polar icc. 

1l
o' Recentl y ma ny scienti sts ha ve argued a 
C 

human cause for the encr oachment of 
~ 
..... world's deserts on previously more fertile 
oz land . The argument is tha t the redu ction in 
-c 
;:: vegetation caused by overgrazing increases 
r
r= th e albedo or reflectivity of the ea rth's 
m 
:JJ surface which cools the so il a nd lea ds to less 
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rain which means reduced vegetation, and 
so on . 

But the group's research suggests that the 
cycle of droughts leading to desertification 
IS very much older than the problem of 
overgrazing and is link ed to th e Southern 
Oscillation. 

The group has just received from a 
colleague in China a copy of a book 
containing flood and drought records for 
that country since [470. It -is hoped to 
compare this dat a with records for the Nile 
which extend back far longer than 500 
years , and with tree-ring data collected by 
the Dutch in Indonesia , which goes back 
about 200 years. 

In another project, members of the group 
have been working under Dr Patrick De 
Deckker collecting core samples from the 
sediments at the bottom oftwo salty volcanic 
lakes 180 km southwest of Melbourne, near 
Colac in Victoria's Western District. 

De Deckker will use the information to 
try to reconstruct the local climate over the 
nast 10,000 years. 

The star of the show was a Mackereth 
sampler used to take cores of up to nine 
metres. After taking a core, the sampler 
explodes to the su rface with such force that 
it can become airborne "like a Polaris 

missile". 
<In fact, th e sampler 's inventor was 

knocked into the cold winter waters of an 
English lake when his boat was hit by a 
rising sampler. He later died ofpneumonia .) 

De Deckker has developed a te chnique 
whereby he can determine pa st lake salinity 
by analysing the shells of shrimp-like fossils . 
And lake salinity is directly dependent on 
water level and hence, clim ate. 

"We want to see if we can find any cyclic 
pattern which will help us predict future 
climate. and we also would like to determine 
how fast the rates of climatic changes are, 
whether they occur very quickly or more 
gradually.' 

"T here is evidence from Europe, for 
instance, that there.have been changes from 
temperate forest to tundra within 50 years. 
That sort of change would have a dramatic 
effect on agriculture." 

In lake cores from the Western District, 
De Deckker has already detected banded 
patterns that appear to parallel the annual 
growth rings on trees. 

The team also hopes to unravel the 
mystery of whether the drop in lake levels in 
the We stern District ov er the past century is 
man-induced or not. 

Two cores from each lake will be opened 

and halved lengthways using a thread as a 
cutter. The main features of each core 
sediment types, sediment structures, color 
types - will be described and recorded . The 
cores will then be compared both within and 
between lakes. 

Then sa m ples will be taken every 10 
centimentres for mineral and trace element 
analysis. This information can be used to 
infer much about th e temperature and 
chemical composition of the water. 

The bands or laminations are of great 
interest. These will be studied intensely to 
try to determine how they were formed. If 
they were laid down annually by organisms 
as De Deckker suspects, they could provide 
the key to a detailed annual record of 
climate. 

The age of sediments in the core will be 
determined using radio-carbon techniques. 

The overall research program under the 
direction of Professor Martin Williams is 
being financed by a grant of more than 
$300,000 from the Australian Research 
Grant Scheme. 0 
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• Laverton High School is in an industrial area on the basalt plains to the west of Melbourne. 

High school students learn how to learn
 
A bold educational experiment is taking place in a high school 

in Melbourne's industrial western suburbs. Teachers are trying 
to get their students to understand what they are doing at 

school. But it has not been easy. 
BOUT A MONTH into first term in 19~5, 

_ A after weeks of encouraging students to 
ask questions and to think about what they 
were doing, Laverton High School year 10 
geography teacher Damien Hynes wrote the 
following nonsense on the blackboard: 

Water 

The degree of rainfall for each half 
year , and the annual seasonal deficit, 
are the systems which determine which 
areas will receive rainfall and which 
won't . 
However, in planning where to plant 
crops, it is not enough to know the 
system, one must also take account of 
the different levels within each 
seasonal system. 
We must also know how much a/the 
soil will be lost by evaporation. 

"I waited until all students had copied the 
notes, and then asked if anyone had any 
questions - I asked this a number of times 
and, to my recollection, only one student 
per class had a question." 

Both teachers and students at Laverton 
High recall that class clearly; the teachers 
because it confirmed to them the limitations 
of conventional teaching methods, the 
students because they realised how much 
they accepted what teachers said unques
tioningly. 

It became a turning point in the two-year 
educational experiment known as the 
Project for Enhancing Effective Learning 
(PEEL). 

Based primarily on the work of co
convenor Dr John Baird of the Melbourne 
College of Advanced Education (now on 
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secondment to Monash), the object of PEE L 
is to encourage students to playa more 
active role in their own education. to help 
them learn how to learn. 

One of the largest trials of its kind. it has 
involved 17 teachers, about 250 students 
and several consultant academics from the 
Monash Faculty of Education and else
where. 

The project has produced a group of 
teachers who have entirely changed their 
approach to teaching, students who are at 
least more sceptical about what they learn 
and can talk with teachers about the learning 
process, and a book, Improving the Quality 
0/ Teaching and Learning, which is in hot 
demand among educationalists both in 
Australia and abroad. 

In fact, PEEL has aroused intense interest 
in England, Canada and Scand inavia, 
because it is an ambitious attempt to try to 
apply some of the most recent academic 
research in normal working classrooms. 

And much of that research destroys the 
fond illusions of teachers. said PEEL con
venor Mr Ian Mitchell who teaches chemistry 
and science at Laverton half-time, and 
spends the rest of his week lecturing in 
chemistry method at Monash University . 

"The evidence is that we teachers are 
fooling ourselves about how much our 
students are learning. Present teaching 
techniq ues put all the burden on the teacher, 
and the student is a passive consumer. 

"The goal ofstudents frequently is simply 
to get good test marks, not necessarily 10 

learn . They want to do better in tests, but 
deeper understanding of the work is not 
seen as a useful way of achieving this . They 
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see each lesson as a discrete isolated activity . 
and make no connection between that lesson 
and the last. and have no idea that there 
even ought to be such a connection." 

In fact, research at Monash into the 
impact of science education by Dr Dick 
Gunstone, Professor Dick White and Dr 
Margaret Brurnby showed that many science 
students at university had poor under
standing of what they had "learned" and 
could not seem to apply their knowledge. 

For instance, about 25 per cent of first 
year physics students showed little under
standing when asked elementary questions 
about gravity in everyday situations, such as 
the relative times it would take a heavy and a 
light ball to hit the ground when droppe1 
from the same height. ~ 

Studies such as these have led to tf 
concept of "children's science" the idea that 
students do not come to class empty-headed. 
but with very real prior views of science, 
their own explanations of how the world 
works. 

[an Mitchell said: "These views were 
totally unexpected and are unaffected by 
normal teaching. Students tend to take in 
the teacher's explanation. but they don't 
contrast it with the explanations they have 
already formed. In different contexts they 
simply retrieve the relevant views. In a test, 
they spout the teacher's view, in real life they 
go on using their own explanation." 

In 19~4. Ian Mitchell met Dr John Baird 
who was investigating how students learn. 
After talking to Baird. Mitchell realised that 
"children's science" wa s an important 
example of the general problem of poor 
learning technique. 

Since 19~ I, Baird had been working on a 
solution to this problem which revolved 
around making students more aware of how 
they learn. and getting them to playa much 
more active part in the learning process. 

He had tried out some of his ideas for six 
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months with one teacher in three classes. 
While there was clear evidence of change. 
the study demonstrated the difficulty of' 
changing the conventional ideas of both 
teachers and students. But to achieve lasting 
change he realised the need for at least two 
years with a class where a significant 
proportion of the teachers were promoting 
such active learning. 

And that's how PEEL began. Baird and 
Mitchell became co-convenors. with Baird 
providing the research impetus and Mitchell 
co-ordinating rhe application of ideas in the 
classroom. 

At a staff meeting at Laver ion High 
School towards the end of 191::4, Ian Mitchell 
stood up and talked for 20 minutes about his 
concerns with teaching. and asked for help 
with {he project. 

He struck a chord. Where he was hoping 
to interest three or four teachers, he found 
he had 15 volunteers . "I didn't have to 
generate the concerns about conventional 
learning, these teachers already had concerns 
'f their own. " 

On the surface. a class being taught using 
PEEL methods does not appear to be much 
different from a normal class - a little 
noisier perhaps, because more people are 
talking. 

The changes are subtle. For instance, 
students have more time to express their 
views. and teachers suspend judgement on 
whether they are right or wrong, The 
student's prior knowledge is accepted and 
respected . 

In a science class, for instance, students 
are encouraged to come up with their own 
ideas based on experience. and only then to 
compare and contrast them with the usual 
scientific explanation, perhaps even going 
so far as to devise tests to see which is right. 
The view is that they have more of a stake in 
knowledge they actively generate themselves. 

Students are allowed more opportunity 
to guide what is done in class, to talk about 
what concerns them, the idea being to aid 
:arn ing by making class much more relevant 
o their daily lives. 

And at all times students are encouraged 
and actually given time to think about the 
learning process, to monitor their progress 
and understanding of a topic, and even to 
criticise the teacher if necessary. This focus 
on the abstract issue of learning is rare in 
schools. 

But it has not been easy. Some students 
were very upset, and defended the old ways 
with a tenacity which was quite unexpected . 
PEEL demanded much more energy and 
input from them, and they could not see its 
relevance to passing tests. "l sec what your 
trying to do," said one student. "You're 
trying to get us to be more active, but I don) ' 
want to be." 

Ian M itchell said: "The teaching for most 
of the teachers was very. very stressful. If ~ 
something didn't work in class, you had to ~ 

turn up next day and face the class and try ' :z 
again. But you still had to get through the 8 
work . Often it seemed easier to go back to ~ 

what the kids wanted . U
:l 

"With few exceptions we had experienced 
Ii: 

z 

-, L Cru(1~) 

[ _s~~ 

ZQcl:onolz 
• A concept map, produced by a Year 9 
student for a PEEL English class . tinking the 
main ideas of the book Z for Zecnertet: 

day problems of teaching and were looking 
for somewhere to develop. The project had 
the effect of deskilling them, removing all of 
their experience." 

Many of the teachers were able to keep 
going only because of the support they got 
from their colleagues. Mitchell said the 
weekly meetings of all the teachers involved 
had been the real powerhouse of the project. 

One interesting facet was the cross
fertilisation between teachers of various 
disciplines, something that rarely occurs in 
the teaching profession. 

At the start of PEEL, Baird decided that 
the teachers and the students should be the 
primary researchers, trying to put theory 
into practice in the classrooms. 

He rejected a research design which 
involved numerical comparisons bet ween 
matched PEELand non-PEEL classes. Ina 
school situation you could not control the 

variation of other factors sufficiently, he 
said. They would be two different groups of 
kids with different teachers and it would be 
impossible to tell what part of any measured 
variation was due to PEEL alone. 

Michell said they rejected a research 
design which involved numerical compari
sons between matched PEEL and non
PEEL classes. In a school situation you 
could not control the variation of other 
factors sufficiently. he said, They would be 
two different groups of kids with different 
teachers and it would be impossible to tell 
what part of any measured variation was 
due to PEEL alone. 

The group decided simply to report case 
histories, trusting that similar experiences 
with different classes and concurring views 
of independent. outside observers would 
establish validity for their research . "The 
experiences of non-expert teachers working 
in the classroom were thought to be much 
more rea I, relevant and important to other 
interested teachers." 

Part of the data is a series of interviews 
John Baird recently conducted with PEEL 
and non-PEE L staff and students, The most 
interesting finding was the level of support 
for the project from the non-PEEL teachers 
at the school, 

The other staff could easily have found 
very threatening the prospect o'f teaching 
students who questioned more. But Baird 
found very few negative comments, Quite 
the reverse - some of the other staff have 
been trying out PEEL techniques for them
selves, and others would like to become 
involved more closely with the project. 

Mitchell said there had been no decision 
as to what form the PEEL project would 
take next year, but that it quite clearly had 
changed those teachers involved irrevocably. 

At present, the group is putting together a 
second book on their experiences. 

For further information and copies of the 
book, contact Professor Dick White on 
54121162. D 

teachers, who had solved a lot of the day to • Dr John Baird (right) talks with Mr Ian Mitchell in the Monash Education Building 
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Interferon study yields dividends
 
Interferon, a decade ago the great hope again st cancer and viral 

diseases, has not fulfilled its promise. But recent work in the 
Centre for Molecular Biology and Medicine might explain why, 

and could be the key to unlocking useful interferon therapy. 

R ESEA RCH ERS fRO M th e Ce nt re for 
M Olecular Biology a nd Med icine ha ve 

ren ewed hopes o f using inte r fe ro ns to tr eat 
Hepati tis Band o ther se rio us vira l d iseas es. 

The group. led by Professo r To ny Linnan e. 
has d et ect ed nat ural relea se of int er fer on at 
the site of infect io n in th e liver s of Hepatitis B 
sufferers , d espite absence of interferon in 
the blood . 

The interfer ons a re a family of naturally 
occu r ring proteins which ha ve been sho w n 
to co nfe r resi st ance to vira l infection , to 
regulate the body 's immune sys te m and to 
inhibit cell gr owth. 

In th e past it generall y wa s assumed that. 
like hormones. inte rfero ns d ep ended on 
being circulated by th e blood for their 
a ct ion . Hence th eir absence fr om the blood 
was taken to mean that they wer e not bein g 
produced or used in the body . 

But the group's results s ugges t that in th e 
ca se o f Hepatiti s B (and possibly generally) 
interferon is del ivered directly by cells to 
sites of viral infection . and would not 
necessarily be picked up in the blood . 

Although in te rfe ro ns ha ve been known 
for 25 years. s tu dy o f th em ha s b een 
hampered by the fact th at they occur in such 
minute amounts . I n the late 70s there wa s 
g rea t exciteme nt when it became possible to 
gen etically engineer ba cteria to produce 
interferons. potent iall y mak ing them more 
widely available for research and clinical use . 

At that time th ey we re see n as a po ssible 
new wonder tr eatment for vira l illnesses, 
particularly the increasing number of cancers 
att ributed to viruses. 

But until now. exce pt in the case of a few 
ra re di sea ses , that confid en ce in the general 
clinical usefulness of interferons ha s not 
be en fulfill ed . Inj ecti on s of interferon. 
despite having a protective effect against 
viral infecti on, do not ha ve the expect ed 
impa ct on es ta blished viral infec tio ns . 

The research team's results would account 
not only for the la ck of int erferon in the 
blood , but also it s failu re to wo rk by 
inj ecti on. Further, they a lso would sugges t 
t hat t reatment wh er e int e rferon co uld be 
delivered directly might well be worth trying 
in the case of vi ra l di seas es. 

"I nte rferon ha s its best effect in a number 
of inst ances where it is p ossibl e to del iver it 
directl y to the site of infection ," Linnane 
sa id . 

For instance, he said int erferon had been 
used very successfully to treat Karposi 's 
sa rco ma, the cancerous sk in growth wh ich 
is a late sym pto m of AI DS (acquired immune 
deficien cy sy nd ro me). It al so is sh owing 
promise in the treat ment of th e rare blood 
cancer known as hairy-celled leukaemia . 

But th ese are recent examples of success 
in a climate of waning enthusia sm fo r inter
feron since th e initial overblown publ icity. 
The real problem has been that the wh ole 

• Professor To ny Linnane (centre right) with senior research associates, Dr Phi llip Nag ley 
(ce ntre left) and Ass ociate Professors Sangkok Marzuki (left) and Bruce Lukins (right) 

• The Centre's logo 

int erferon sys te m - th e su bs ta nce itself. i 
effect on the body and the way it is employee 
- turned out to be much more complex 
than most scie ntists imagined. 

Bio ch emist s so far have isolated 16 inter
ferons in three different groups, and Linnane 
says he would not be su rp rised if th ere were 
on e o r two more. Each di splays a differ ent 
set of properties, and ha s to be investigat ed 
sepa ra te ly and in conjunction with others. 

Linnane said: "At th e C entre we believed 
at da y one, as now, that int erferon has 
enormous potential. But it was a mistake to 
beli eve that potential would be realised 
overnight. 

"T he large multinational research teams 
hav e spe nt about $200 million study ing int er
feron . We ha ve spe nt a few million. Yet 
despite that, and our gro u p's rel atively small 
s ize in world terms, we a re compet itive . The 
research pathways many other groups fol
low ed were wrong. They wasted their 
money." . 

After genet icall y engineering yea st ar 
bacteria to pr oduce a va r iety of interferons. 
rese archers at the centre have concentrated 
their efforts around simplifying the system 
in order to stud y it. 

They have co nstruc ted a means of inserting 
any gen e int o yea st and then stimulating t he 
yeast to make that gene 's protein product. 
So now th ey can build and produce simplified 
a rtificia l int erferons in sufficient quantities 
for research. This allows research into th e 
act ion o f th e important part s of th e int er
feron molecules. 

The Hepatiti s B breakthr ough wa s 
achieved through th e producti on of anti 
bodi es w hich a ttach s peci fica lly to int er 
feron s. These antibodies th en can be sta ined. 
a llo wi ng th e interferons to whi ch they att ac h 
to be located . eve n in minute q ua nt ities. 

Hepatitis B is a d isea se whi ch affect s 
hundred s of milli on s of people ever y yea r 
worldwid e. It is particularly pr eval ent in 
Asia . Many wh o contract the d isea se sim ply 
ex pe r ience a fever . Others bec om e extremely 
ill. 

M o st people recover complet el y, but 
about o ne vic t im in 10 never reco vers. For 
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th em. Hep atiti s B d evel op s into a life
sho rte ning chronic d isease whic h a ttac ks th e 
liver. It becomes e ither c hronic per s istent, 
recu rring int e rmittentl y, o r c hro nic act ive, 
co ntin uo usly gr indi ng aw ay a t th e liver. 

Researc hers a t t he ce nt re tested s ma ll 
sect io ns of liver fro m 30 c hro nic ac t ive 
pat ien ts usin g the a nt ibo dy staining tech 
niqu e. Not on ly was in te rfer on present a t 
the site of infecti o n, but ce lls w hic h ha ve 
been im plic a ted in inte rfe ro n producti on 
a nd act ion fibro blasts. pol yrnorphs a nd 
lymph ocytes - wer e a lso th er e. 

In fact. t he producti o n o f inte rfer o n 
see med to be di rec t ly relat ed to th e rep ro
d ucti on o f viru ses . If th ere were no a ct ive 
viral rep roduct io n. th er e was no interferon . 

The Ce nt re fo r Mole cula r Biolo gy and 
Medic ine was est a bli sh ed in 191D. Pro fessor 
Lin nane says tha t its ai m wa s t o br ing 
togeth er a "criti ca l mass" of scie ntis ts to 
wo rk at t he fro nt ier s o f resea rc h in bio
ch emistry, us ing t he la tes t techniques o f 
molecu lar biol ogy, inc ludi ng ge net ic e ng i

,:r ing (reco m bina nt D NA technol o gy). 
Research in thi s a rea a llo ws fo r a parti cu

larly power ful ble nd of pure a nd a pp lied 
wo rk . Tec h niq ues develo ped to unrav el the 
ca uses a nd tr ea tm ent o f di sease are eq ua lly 
a p plica b le to t he development a nd use of 
biot echnol ogy in ind us try. 

For insta nce , the deve lo pmen t o f th e 
a b ility to co nst ruct gen es, insert them into 
yeas t a nd ha ve th at yeast prod uce th eir 
pr ot ein product s ca n be used not onl y to 
prod uce a rt ific ia l inte rfe ro ns, but ph arma
ceutica ls a nd ot he r p roducts fo r indus tr y. 

Because of thi s, Linnane a lso sa w a n 
o ppo rt u n ity to in vol ve Australi an indust ry 
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• One of the im portant techniques of modern molecular biology - separatmg chemicals into 
bands by electropho resis 

in in vestment in bio tec h no logica l resea rc h. 
In recogni ti on of thi s, th e bu sin ess co m
munit y has partic ipated wit h th e univers ity 
in th e cent re fro m its beg inning. The fi rst 
c ha irma n of th e b oard - wh ich pr o vid es 
th e ce nt re w it h co m mercial exp erti se a nd 
financial di recti on - was the late Si r C ha rles 
McG rath, and its present ch a irman is Si r 
Br ian Ingli s (the former chai rma n o f Fo rd 
Au stralia). 

The ce nt re already has begun to produce 
co m merc ia lly viable product s, t he m ost o ut
sta nd ing of which is a di agn osti c kit for 

d igesti ve tr act ca ncer. It co uld he worth ten s 
of mil lion s o f d o llar s a nn ua lly. and a t 
pr esent is at th e lat e test ing stage. 

Recently, in o rde r to take adva nta ge o f 
the h:d er al Gove rn me nt's 150 per ce nt ta x 
ded ucti on for research in industry, th e ce nt re 
ha s se t up a bu siness in vestment pac ka ge. 
A n in formation mem orandum whic h pro
vides information on th e ce nt re and us 
investment pa ckage is ava ila ble on a re
st ricted ba sis. 

Fo r fu n her informati on , co nta ct Professo r 
Linnane on 54 1 3747. 0 
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Scientists discoverhuge 
underground circuit 

Scientists working with an electromagnetic technique for 
geological mapping have found what may be part of a giant 

electrical circuit girdling the earth. Their discovery has 
immediate consequences for geological surveys. 

~I YSICI STS FROM t he Dep artmentG EO P 

of Earth Sciences and the Bureau of 
Mineral Resources have discovered part of 
a hug e underground circuit near Broken 
Hill. which contains electric current s of 
more than a million amps. 

The currents are spread too thinl y for 
power production. but their exi stence helps 
account for problems experienced generally 
in interpreting the magnet ic data used to 
produce geological maps. 

The circuit was found using a sensor 
which detects fluctuating electric fields in 
the earth's crust. These ar e created in 
response to electrical events such as th und er
storms and the movement of dissolved salts 
in artesian water. 

Data from the senso r allowed Dr Jim 
Cull of the department and Dr David 
Tucker of the bure au to plot sub-surface 
regions where there is little or no resistance 
to the movement of electric charge. in other 
words where the ground behaves like an 
electric wire . In fact. they found they were 
tracing the paths of underground acquifiers 
which conduct electricity because they con
tain dissolved salts. 

Cull sa id: "We suspect these currents may 
be part of a global circuit. and they may be 
responsible for secondary biological effects. 
Th e magnetic sign ature generated by the 

current could be used to indicate suitable 
ground for exploration - particularly for 
oil." 

At present . Cull is dev eloping a new 
sen sor to see if he can find and follow the 
circuit in northern Victoria. 

For the past two decades. geoph ysicists 
have been mapping sub-surface geology 
using data from various kinds of magneto
meters - in struments which mt'asure 
ma gnetic fields . 

The principle is reasonably simple. Th e 
earth possesses a general north-south 
magnetic field as a consequence of the 
movement of its liquid core . That magnetic 
field dominates the simple directional 
compass. 

But locally. the field is modified by th e 
rocks of the earth's crust accordi ng to' their 
magnetic susceptibility. So. measuring the 
changes in magnetic field across a land scape 
should provide information about the under
lying rocks. 

In theory. each rock-t ype has its own 
magnetic signature . In practice. interpre
tation of these signatures is very tricky. 
"Airborne magnetometers provide primary 
geophysical measurements. but interpre
tation is a bii of an art form. You always 
have to ground-truth the information," Cull 
said . 

• Dr Jim Cull of Earth Sciences sits at a terminal on whicn raw magneto-tel/uric dat a can be 
d isplayed as a contour map after recording and processing by the equipment ill the lJackground 
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There arc several complications. which is 
why magnetic data. while important for 
scanning the geology of large areas. is not 
used in the oil indu str y to work out detailed 
rock st ruct ure , Seismic surveying. which is 
ver y expe nsive, can distinguish much more 
precisely betwe en rock-types at different 
levels. 

One of the problems with magnetic data 
is that any rocks which contain the mineral 
magnetite possess their own magnetism 
which ma y modify the earth's main field in 
addition to the ir magnetic susceptibility. 

When such magnetic rock s form . their 
magnet ic fields will a lign with the earth 's 
main pole. But over tim e. geol ogical move
ment and movement of the eart h' s magnetic 
field itself. will destroy a ny such regular 
alignment . so that the local effect on the 
earth's field is unpredictable and irregular. 

Second . magnetic dat a represent a su rn
mat ion of whatever rock is lying beneath. 
That can become very complex , if not 
impossible, to int erpret, particularly when 
rock types are layered. I t also lead s 
ambiguity, as the same measurements COUIU 

occur in more than one way. 
Third. t he airborne data arc not very 

precise. Mea surements can be hundreds of 
metres astray, and that is significant if you 
are digging down to find an ore body . 

So interpretation of data from magneto
meters usually begins with tracing specific 
magnetic signatures out from rocky outcrops 
where the geology is known . And it often 
centres around recognising discontinuities 
and "a noma lies" - data out of keeping with 
the general rock types of the area. 

Such an anomaly exists in magnetic dat a 
from the Menindee Trough. a sedime nta ry 
bastn to the ea st of Broken Hill in an area of 
interest to geologists trying to find a repla ce-
ment for the Silver City's rapidly depleting 
are bodies. 

Over the trough there is a large magnetic 
field . which is difficult to explain . It seems to 
imply an upwelling of magnetic rock in 
area known to be a trough, where sedirner 
which are not very magnetic. run deep. 

Cull and Dr David Tucker from the 
Bureau of M incral Resources decided to 
investigate the area using magneto-tellurics, 
a technique which has been known for 
decades. but has never been developed fully 
because of lack of interest from the mining 
industry. 

Anybody who has learned about electric 
motors. generators or bells . knows there is a 
magnetic field associ ated with elect ric 
current. and that magnetism has an associ
ated electric field . 

Whereas a magnetometer measures only 
the constant magnetism of underlying rock s, 
magneto-tellurics is concerned with com
bined measurements of electricity and 
magnetism. 

In fact . the total magnetic field can be 
split into two components which can be 
measured se par ate ly: th e 'first associated 
with the earth's cor e which is effectively 
unchanging, and the second, a rapidly fluctu
at ing field generat ed by th e movement 01 
c harged pa rt icles in the a tmosphere (th un
derstorms), space (the so lar wind) and the 
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ground itsel f (geoch em ical ac tiv ity) . 
A ch anging ma gnet ic field ca n be meas

u red by th e amount o f current ind uce d in 
t ight ly wound co ils of wi re, a nd a fluctuating 
elect ric field by th e a mo unt of cu rre nt 
induced in the co ntacts o f a wir e placed at 
right angles (see diagram). T his informa tio n 
is fed into a computer whi ch calcula tes a 
rati o between the tw o , an d th at is re late d to 
the resist ivity o f th e und erl y ing ro ck , its 
a bility to co nd uct e lect ricity . 

Th e beauty of mea suring cha nging fie lds 
is th at eac h frequen cy resp onds to mat eri al 
a t different depths. By a na lysing th e data 
mathematicall y, th e computer can ex t rac t 
info rma t ion a t different freq uencies , p ro
d uc ing a picture o f the roc k struc ture a t 
depths of up to 100 km below th e su rface. 

C ull is o ne o f the few geop hys icists in 
Au stral ia wh o has work ed ex te nsively on 
magnet o -l ellur ies . .. Ma g ne t o - t e ll u r ics 
rese m bles seis mic su rveyi ng in t ha t it ca n 
pen etrate to ro ck at d epth, 'seeing through' 
inte rve ning materia l, but wh ere a seis m ic 

rv ey co u ld cos t milli ons o f d oll a rs, 
~g ne t o- te ll u rics costs a few th ou sand . 
"No w th at th e bottom ha s dropped o ut o f 

th e oil market , th e o il compani es a re mu ch 
more disposed to look at thi s techniq ue for 
sc ree ning, as a gro und se lectio n tool. 

"In Am erica it is being used to resea rc h 
for geot he rma l activity. It 's very good at 
find ing hot sa lty wat er. And it is a lso very 
good at determ ining th e thi ckn ess o f sed i
ment s." 

It was magn eto-tell ur ic measurements 
which ca me up with th e a nswer as to th e 
magneti c a no ma ly in th e Menind ee Basin. 

C ull a nd Tu c ker found th at at ce rtai n 
points in the ba sin, the resistivit y was a lmos t 
zero . T he ground was behav ing like a n 
electr ic wire buried below the su rface . 

As th ey traced th e patterns o f resist ivity, 
they began to recogn ise what was happen ing. 
T hey were plotting th e paths of underground 
aq uife rs, st rea ms of wat er co nstan t over 

' ')Iogiea l t ime carrying dissolved sa lts. 

r cy represe nted a conductor through whic h 
th e cur re nts st irnulat ed by electrica l acti vity 
in the so il and th e a t mos phe re became 
focu ssed . 

And th at co nd uc tor pr oduced an ass oc i
a te d magn eti c fie ld resp on sibl e for th e 
a no ma ly. 

C ull said it was im porta nt to plot where 
s uc h cu r rents run , in o rder to int erp ret 
ma gnet ic data ac curately. He sai d he th ought 
it was likely that t he circ uit wo uld run from 
sed ime nta ry basin to sed ime nta ry ba sin 
becoming diffuse in bet ween , and that it 
could conn ect t he co n t ine nts ru nni ng 
throu gh the ocea ns. 

At pre sen t. he is w o rk ing o n a new se nso r 
to tr ack th e cur re nt throu gh th e Northe rn 
Vict orian Ba sin , a nd to p rov ide more de
tail ed info rmat io n o n th e location o f o re 
bearing rocks around Brok en H ill. 

He a lso hop es to develop a magne to
telluri c se nso r for the mining indust ry. ~At 

th e mom ent , a nyt hing more th an I k rn 
down is o n th e fr inges o f eco no mic viability, 
so th e se nso r mu st be m odifi ed to sca n th ose 
depths in d etail." 0 
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RECORDING TRUCK 

• The experimentet set-up for record ing magneto-telluric data 

• Digging a trench in the Men indee Basin to bury a coil for recording fluctuating magnetic ttetds 
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Dr Colin Rubenstein of Politics is interested in science policy as an example of public 
administration. He paid his first visit to Israel in 1969 when he was returning home lrom 

graduate work at Columbia University In New York City. As a nation that has had to solve 
many of the problems now lacing Australia, Rubenstein argues that Israel could be a more(nfIDfIDlID~fID) useful model lor our science and technology policy than the more traditional ones of 

Canada and the smaller countries of Europe. 

Israel finds the way to high tech
 
, If you are looking for somewhere to 

compare science policy with Australia, the 
usual choice is Canada, which has a some
what similar heritage and prospect , or one 
of the smaller European countries, like 
Holland or Sweden. 

The point is that , unlike Canada or 
Europe, Israel has made the transformation 
Australia need s to go through , In 1969, il 
had an appallingly weak private sector, 
poorly developed entrepreneurship and 
marketing, and wa s more bureaucratic than 
Australia ever was . 

· I h h If he si fNow In a country ess t an ate size a 
, . . . 

Tasmania, With a population of less than 
four million, there are more than 100 well 

h d I ' I h f d b 300esta blis. e ug 1 tee rrms, a n a out 
I· hi h h tothers un d er way. Israe 1 rg tee expor s 

bri , $1 9 billi hi are expected to nng In . I Ion t IS . . .. 
year and Increase by five times 10 real terms 
in the next decade. 

, 
Israel and Australia share many common 

scientific interests : arid zone research, 
generating wat.er, solar energY' ,agr.lculture, 
tropical medicine, telecommunications and 
biotechnology. 

The two countries have a common 
British J Germanic intellectual tradition, 
which stresses the importance of the univer
sity, the professor and pure research. 

The other side of that coin is weakness in 
applied research and development - second 
class status for technology, engineering and 
applied science. What it leads to is a terrific 
record of invention and a very poor record 
of innovation . 

The fundamental difference was that by 
1969, the Israelis were extremely aware of 
the problems of this imbalance and felt was 
necessary to do something about it. They 
had few alternatives as Israel is a resource-
thin country, and was never a quarry. 

There were the defence considerals~ 
at Ions. I he lsraeli State had been under 
seige s ince 1948. The imperati ve of a 
response placed a high demand on research-
based applications and development in 
security and defence-related areas. 

The Government resp?nded in the same 
way that. all Go vern~enl s do. In 1969they 
had an mqurry , Wh,lCh produced a report 
under Mr Kachalski . The un~sual thing IS 
!hat , t he key recommendations of that 
mquiry were Imple.mented',and have. played 
an Important role In Israel s dramatic surge 
in sci ence and technology ever since. .

Perhaps the most Important cha nge wa s 
the esta blis h ment of an Office of Chief 
... . . 

SCientist In SIX operating Government . 
departments. for example industry andd . 1 
commerce, an agncu ture . Th h' f . " . . th e c ie scienust IS a sernor person 10 e 
d t bl th M " 

epartrnen ac.counta. e to e mister. 
They are prominent SCie ntists, Government 
appointees with their own staff and a brief 
to identify and stimulate research and 
development projects in their portfolios. 
And they are provided with funds to spend 
on projects and are responsible for following 
them through. 

The research is not necessarily done by 
the Government. The chief scientists can 
make grants and contributions of up to half 

the cost of a private sector research project. 
They have stimulated consortia in a vast 
variety of hybrid organisational frameworks. 
And there is a linking role and degree of 
co-ordination provided by a national council 
for research and development. 

Nothing works like success . Out of 
projects which were often defence-related 
like the development of the Westwind , a 
small commercial plane which sells for 
about half the price of its competitors - the 
country very quickly built up expertise in 

IAI A, t r. 
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• Scale drawings of the Westwind Astra. the latest model of Israel Aircraft Industries' highly 
successful line of executive jets 
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solar energy, agricultural a nd medical tech
nology. electronics, telecommunications and 
avionics. 

Despite the absence of the national 
imperative of defence, Australia can learn 
something from all this experience to help 
overcome its post-industrial economic weak
ness . Although defence-related industries - 
with their rigorous quality control, su b
contracting and civ ilian spin-offs - have 
been a major way most countries have 
developed technology, they are not a must. 

In the past Australia has concentrated too 
much on policy for science, rather than 
science in POliCY. 

The real problem, however. ha s been the 
lack of incentive for applied research. This is 
a deeply intrenched problem and its solution 
involves Changing attitudes in universities a ' 
well as industry. 

Universities, which tend to be staffed witn 
academics who don't want to dirty their 
hands in the real.world, are as culpable as 
big business. Graduate training reproduces 
professors, rather than educating flexible 
problem solvers. 

On ihe economic front, tariffs to protect 
Australian industry, which has no domestic 
market of scale, have produced feather
bedding. And , until recently, the banking 
system in particular has been inward-looking 
and parochial, not prepared to provide 
venture capital. 

Much more money has to go into contract 
research. The move, that may do more good 
than anything else, is ! he new 150 per cent 
tax deduction lor research. 

And the MIC (Management Inve stment 
Company) scheme whereby companies 
approved by Government arc given tax 
breaks to be a vehicle through which 
inve stors can provid e venture capital is 
al so a step in the right direction. 

Perhaps Australia would do well to 
upgrade its scientific co-operation and inter
change with Isra el. , 
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