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RESEARCHERS IN Monash University's 
Department of Pathology and Im
munology. Alfred Hospital. have taken 
delivery of a laser-activated cell sorting 
machine - the most modern of its type in 
the world - which they believe will open 
up new avenues for disease management 
and cancer detection . 

It will assist With the speedier cross
matching of donors and potential recipients 
for org an transplants. 

The researchers plan to use the machine 
to study subtle changes in the fluorescence 
-f lymphoid cells. the body's main defences 

dgainst disease. when they are exposed to 
disease agents, as for example cancerous 
cells 

The department has already built up an in
ternational reputation for its pioneering work 
on the fluorescent tagg ing of antibodies. 

According to the department's chairman, 
Professor Richy Nairn, the research team 
has found experimental evidence to show 
that subtle changes in white blood cells 
stained with fluorescent dyes. can indicate 
that they have come in contact with disease 
agents. or in the case of an organ transplant. 
" foreign" cells . 

Details of this research were presented to 
an international svrnposrurn on fluorescent 
tra cing in Vienna last year. 

The machine with which they will extend 
their research on fluorescent lymphocytes is 
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Cell sorter expands
 
disease detection
 

Laboratory Manager. Mr Colin Cusdin (I) and the chairman of the Department of Pathology and 
tmmunotoqv, Professor Richy Nairn. make eoiustments to the new Fluorescence Activated Cell 

Sorter recently installed in the department. The machine Is the most modern of its type in the 
world. Photo: Rick Croker. 

a marvel of modern technology. 
Its purchase wa s made possible by the 

generosity of len private benefactors who 
donated a total of $150.000 for it s purchase 
and installation. 

Called a Fluorescence Activated Cell 
Sorter - FACS -11. and made by the Becton 
Dickinson Electronics Laboratories of Califor
nia . the machine uses a laser beam and 
sophisticated electronic apparatus to count 
and analyse cells in various categories. by 
size. and fluorescence colour and intensity. 
These qualities induce a charge on selected 
cell s to permit them to be phvsrcallv sorted 
and collected In separate containers. 

The FACS -11 has the capacity to sort 
5000 cells a second and presents any 
desired analysis almost instantaneously by 
way of graph . dig ital readout and printout. 
and also by information storage in cassettes 
for later study. 

The machine was installed by the depart
ment's Laboratory Manager. Mr Colin 
Cusdin, who was invited to California in 
January to farmtiarise himself with its opera
tion. 

It works by directing a stream of cells . in a 
" sheath" fluid . through an extremely fine 
jewel orifice. This stream is illuminated by the 
laser which excites fluorescence in the " tag
ged " cells and "measures" their size by light 
scatter. The cells are separated into in
dividual droplets by nozzle vibrations. 

The fluorescent light and scattered light 
are detected. and the resu lting electric 
signal s are used to charge the stream exactly 
when droplets containing cells are forming. 

The droplets. which hold their charge as they 
separate from the stream . then pass through 
a constant electric field whereby they are 
deflected. according to their charge. into col 
lecting vessels. The uncharged droplets con
tinue on their original course and are also col
lected. 

The only other FACS -l1 machine in 
Au stral ia is operated by the Walter and Eliza 
Hall Institute of Medical Research. 

Says Nairn: "T he main difference between 
the FACS-ll and earlier devices. which 
worked on cell size alone. is that it has the 
extra tacrutv to pick up the fluorescence of 
stained cells, whether by direct fluorochrome 
starrunq or by fluorescent antibodies. This 
gives great fleXIbility. 

" Fluorescence has always been a difficult 
subje ct for automatic instrumentation . It is 
fickle and unstable . and the dyes which cause 
the fluorescence fade when exposed to br ight 
light Thrs problem has been overcome by us
mg the laser . which exposes cells to intense 
light for only 1/5000th of a second: ' 

Nairn says lymphoid cells. found in the 
spleen. lymph nodes. bone marrow. thymus 
gland and the blood. are structurall y similar 
but carry out different functions. and fall into 
distinguishable classes. The FACS was 
designed largely to "sort" these cell classes . 

" W e carried out experiments to see if the 
machin e could be applied to new. but paral
lel. use to study changes In the fluorescence 
of cells themselves which had been labelled 
w ith fluorescent dyes . 

Continued overleaf 
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Engineers improve 
flood forecasti ng 
CIVIL ENGINEERS at Monash have 
developed a new, more accurate, techni
que for flood estimation and forecasting 
which can be used for both urban and rural 
areas. 

The technique has already been incor
porated IOtO a general purpose computer 
program so that public authorities can make 
use of it . 

Professor Eric Laurenson , who worked 
on development of the technique , says it 
should lead to better design of flood mitiga
ti on and drainage works. 

And because engineers will have more ac 
curate data on which to base design deci
sions, they should also be able to avoid cost ly 
over-desiqn of som e projects, Laurenson 
says, 

Collaborating wrth Lauren son in the 
re search are two other Monash civil 
engineers, Associate Professor Tom Mc
Mahon and senior lecturer, Dr Russell Mein. 

According to Laur enson, the technique 
replaces previous methods of flood estima
tion and fore casting which he describes as 
be rnq " fairly primitive." 

Says l.aurenson " Relat ing rainfall to 
streamflow IS the primary area we are in
vestig ating 

" Ou r research involves developing a 
mathematical model of how a cat chment 
area modifies the pattern of rainfall to 
produce streamflow at any particular point in 
a stream or river. 

" The conventional method of doing thi s 
treats the catchment as a Single ' lump' or en 
tity, with rainfall as one input and streamflow 
as one output. 

" Our approach was to break the catch
ment area into bits and look at the variation 
of rain falls, infiltration losses (the amount of 
w ater soaked up by the ground) across the 
ca tchment and storage processes. 

"As well as modelling the rainfall and 

catchment effects in much more detail, our 
approach models them more faithfully, with 
fewer approximations being made , whereas 
the older methods made some approxima
tions not borne out in reality." 

Laurenson says that to create the model, 
rainfall and streamflow records for the catch
ment are analysed , with the catchment being 
broken into sub-areas, based on tributary 
streams. 

Then the infiltration losses are simulated, 
as is the manner 10 which runoff passes 
through the storage on the catchment. 

Because water on the ground is actually in 
'temporary' storage in th e catchment. along 
With water in its streams, it is possible to say. 
In a general sense, that the rainfall, minus in
filtration losses , is passing through storage 
on the catchment 

Says Laurenson : " The effects of these 
processes are modelled by mathematical 
equations th at represent what is physically 
happening on the catchment. 

" W e then put the measured rainfall into 
the model and compare the output from th 
model With the actu al recorded riverflow. 

" If the results don't fit the reco rded 
riverflow. we change th e parameters of the 
mod el sligh tly - it's something like tuning a 
radro to obtain the best reception _. until we 
get the right results 

Continued (rom Page 1 

Recognising 'the "frown on the face of a cell' 
" W e thought we could recognize changes 

In the fluores cent label when the 
lymphocytes came in contact with 'enemy 
targets' , and that we could use this to trace 
the target. whether it was a microbe, cancer 
cell or foreign cells from a transplant 

'T he reaction which occurs in organ 
transplants , for instance, could be recognized 
very quickly If we could measure changes In 

fluore scence when donor lymphocytes meet 
their target -cells from the recipient. 

" If we could pick up change in cell 
fluorescence - ' the frown on the face ' of the 
lymphocyte when it confronts its enemy. 
then we would have another disease
detecting system. " 

Says Nairn : " W e now believe it is possi 
ble , by labelling lymphocytes with fluorescent 
dyes directly, to carry out this task." 

He explains that dyes fluoresce differently 
depending on changes in their physical en
vironrnent. 

'The fluorescent molecule fluoresces only 
because it has a particular shape. If the shape 
of the molecule is altered in some way, the 

fluorescing intensity will change. 

"We believe we can now recognize this 
'f row n on the lymphocyte's face ' by detecting 
alterations in fluorescent emissions caused 
when the molecules at the surface of a 
fluorescent-labelled cell are modified by their 
reactioo with target cells." 

According to Nairn , tests based on this 
idea will be of immense benefit In matching a 
donated organ and potential recipients 

" At the moment. compatibility ' profile' 
tests take three to four days and give an in
complete picture. 
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" If we could carry out an immediate cross
matching of the don or and potential 
recrpients. donated organs such as the 
kidneys would go to the person who would 
benefit most. 

" The matching would be carried out by 
starrunq the lymphocytes of the donor With 
fluorescent dyes and comparing reactivit ies 
With those of potential reciprents. and using 
the cell sorter to tell us which potential 
recrpient 's cells caused the least shift in reac
trvrtv as [udqed by change in fluorescent 
behaviour of the lymphocytes. By running 
millions of cells in comparison tests in 
minutes, essential Information is very quickly 
obtained," 

New method for 
diagnosing cancer 

The research team also sees the new 
technique as a diagnostic method for 
microbial mfections. and they believe it can 
be applied to cancer diagnosis. 

Says Nairn : " This would entail seeing how 
lymphocytes from a person suffenng from 
cancer would react with known cancerous 
matenal or how suspected cancerous 
material would react with lymphocytes 
known to be specifically immune. 

"For example, if it is thought that a patient 
has bladder cancer, and you have a store of 
lymphocytes which react against bladder 
cancer cells , then perhaps simply exposing a 
specimen of the patient's urine to these 
lymphocytes would cause them to 'switch 
on ' a different type of fluorescence which we 
could mon itor on the cell sorter." 
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He says the research team , which Includes 
Dr. Harrv Ward, an irnmunocherrust and 
senior lecturer In the department. lecturer , 
Dr. Jennifer Rolland, Ph.D students Gary 
Halliday, Maureen Pallett and Glenn Hock
ing, and laboratory assistant. Miss Robyn 
Jenkins, has earned out preliminary work, in
volvmg tedious " manual" measurements of 
fluorescent reactions, over the last three 
year s which has va lidated the technique of 
"fluorescent ce ll probes". 

Says Nairn 'The cell sorter IS a vital ne" 
diagnosti c tool that allo ws us to carry out tt 
same tasks as our manual experiments but 
about 10,000 trmes faster, and with just 
about the same increase in accuracy and ob
jecnvitv.' 

The private benefactors were H. & L. 
Hecht Trust (The Perpetual Executors and 
Trustees ASSOCiation). the Ian Potter Founda
tion . The George Alexander Foundation {The 
Ian Potter Foundation} : the Percy Baxter 
Charitable Tru st (The Perpetual Executors 
and Trustees Association); the William 
Buckland Foundation {Trustees and Ex
ecutors Co.. Ltd l: the Sidney Myer Chanty 
Trust; J & R. McGauran Trust Fund (National 
Trustees Executors and Agency Co., of 
Australasia Ltd I; Clive and Vera Ramaciotti 
Foundations (Perpetual Trustee Co.. Ltd.]: the 
Felton Bequests' Committee ITrustees Ex
ecutors and Agency Co.. Ltd.) and the Helen 
Schutt Trust (Wilson, Bishop, Bowes and 
Craig) 

The project has also received invaluable 
support and encouragement from Sir Gustav 
Nossal, Director, Walter and Eliza Hall In
stitute of Medical Research and from the 
Anti -Cancer Council of Vrctoria . 
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" This adjustment of parameters IS based 
on experience of what is happening in the 
catchment - we are not just juggling figures 
- until the model correctly simulates the 
measured nverflow. 

"The parameters which vary are the in
filtration losses , time delays between rainfall 
and runoff and what is called 'nonlineararitv' 
- the variation of time dela y with the size of 
the flood 

" W e have found that the time delay 
between rainfall and runoff is less for large 
floods than for small ones, but that this effect 
IS less on urban catchments than on rural 
ones. 

Laurenson explains that the main factor 
influencing infiltration losses is how wet the 
catchment is when rain begins to fall , , . its 
'antecedent precipitation', 

If the catchment is already saturated 
-unoff may begin immediately rain starts to 

II But if the catchment is dry, it may take 
50 mm of rainfall - more in unusual cases 
- before runoff occurs, 

Other factors. such as soil type , vegeta
lion, and whether the catchment is cultivated 
or forested or not. also influence infiltration, 
These factors do not have to be individually 
assessed in the field - - they can all be incor
porated into the infiltration parameter which 
is derived from measured rainfall and 
measured runoff, 

Laurenson says "After calibrating the 
model for a particular catchment. we don 't 
simply assume that it will work in every set of 
circumstances' we test the model under a 
variety of measured rainfalls and streamflows 
that w ere not used in its calibration , 

" If the model works with these floods, 
which have not influenced the calibration in 
any way, we can be reasonably confident 
that It will continue to yield the correct 
results. 

" Analysis of model results from a range of 
gauged catchments has yielded empirical for
mulas that enable the model to be used for 
ungauged catchments also, " 

Laurenson says; "The accuracy of flood 

Professor Eric t.eurenson (above) believes the new computer technique for flood estlmetton and 
forecasting developed at Monash will improve the design of drainage and lIood mitigation systems 

in both rural and urban areas . This photograph was taken in the Mile Creek drainage channel 
saminteterea by the Dandenong Valley Authority, 

estimation for ungauged catchments is 
notoriously low. but. with a good model, ex
perience will gradually lead to improved ac
curacy 

t.aurenson. who has taken a special in
terest rn developinq the flood est imating and 
forecastmg model over the last five years , 
says the Monash technique is an improve
ment on current methods of flood 
forecasting 

"Tw o factors - breaking the catchment 
into different elements and making al
lowances Ior nonlineararity _ ., lift the stan
dards of design flood estimation and 
forecasting, 

"As a result of the research program we 
are now able to give more appropriate 
relative emphasis to factors like slope, 
vegetation , soil type , and antecedent 
precipitation . For example, stream slope. 
previously thought to be of major impor
tance, is so only on urban catchments and is 
of minor importance on rural ones ." 

t.aurenson bel-eves the ultimate result of 
the Monash research will be to enable 
engmeers to design flood works with a much 
more precise knowledge of what might hap
pen in a given flood Situation. 

He explains: "The computer model will al
low us to desiqn for a given risk . It enables us 
to estimate the flood of a given risk much 
more accurately than we could in the past 

" In doing that. we avoid both the dangers 
of under-design and the unnecessary ex
pense of over-design of flood works - we 
seek safety with sconomv. 

" These are important considerations 
because millions of dollars are spent on flood 
mitigation works. ranging from minor road 
culverts to major levee banks and drainage 
schemes. each year. Floods are also life 
threatening and can cause serious economic 
disruption." 

Laurenson says the Monash team has at 
tempted to ensure that the technique does 

not remain a mere 'academic toy ' by incor
poratmq it in the general purpose computer 
program where It can be used convenientlv 
by practising eng ineers 

He says "One of the problems w ith 
engineering research is that researchers 
develop new techniques but practitioners fre
quently don 't use them because no one 
bothers to bridge the gap between the 
researcher and the practismq engineer. 

" Bridging that gap is called 'technology 
transfer' and we have tried to do it through 
the general purpose computer proqrarn. con
tinumq educatron workshops, and our part
time coursew ork Master's degree program," 

Laurenson says there is snll much more 
research to be carried out, particularly in the 
area of estimating and modelling infiltration 
losse s, 

'T here has been a great deal of research 
on infiltration but little technology transfer, 
This research has either been theoretical or 
carried out under idealised laboratory condi
tions, How to apply the results of such 
research to the practical problems of a catch
ment area is not yet known, " 

For Laurenson, introduction of the techni
que marks the second time he has been in
volved in a revolution in the engineering ap
preach to flood estimation and forecasting in 
Australia . 

More than 20 years ago, at the beginning 
of his career, he introduced new techniques 
Ior flood estimating and forecasting . 
developed in the United States, to the Snowy 
Mountains Scheme. 

Prior to that he says, estimating and 
forecasting floods was 'extraordinarily 
primitive '. 

The computer-based Monash technique, 
flexible enough tD be applied to small urban 
catchments of half a square km or rural 
catchments of 10.000 square krn. has 
removed more of the uncertainty of the es
timating and forecasting problem. 
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HAS THERE been a decline in the quality 
and flexibility of secondary education? Is 
there a need for a core curriculum? Are 
entrance requirements for tert iary institu 
tions unfair and unreal? 

These are just some of the question s 
which are raised by a major study being car
ried ou t at Monash. Called the Second ary
Tert iary Education Planning (STEP) project. 
the study began in the Careers and A ppoint 
men ts Off ice at Monash five years ago. 

One im port ant part of it involves cont inu
ing research in to the subject com binations 
taken by stu dents in the last th ree years of 
secondary educati on. In oth er par ts of t he 
study th e movements of students through 
the HSC exam ination into tertiary educat ion 
and the w ork forc e are mon it ored . 

Much of the research has been carried out 
by Mr Barry Walsh, a Monash careers 
counsellor. w ith Mr Warren Mann, who w as 
Careers and Appointments Officer at Monash 
until his retir ement earlier this year. They 
have had help and co-operation from a 
number of different sources. including the 
Vic tor ian Education Department's Plann ing 
Services Div ision . the Commonwealth Publ ic 
Service Board. Professor W. D. Barrie of the 
Nati onal Population Inquiry. th e Victor ian 
U nivers i t ies and Schools Examin at ions 
Board. the VIctorian Uni vers ities Admissions 
Comm ittee, the Schools Com mi ssion and In
d ividua l academ ics and educ ationists . The 
Computer Centre at Monash assisted w ith 
the cornpilanon and analysis of the data . 

According to Walsh. the STEP project 
gr ew out of an awa reness of what he calls " a 
signal lack of data " such as is needed for co
ordinated planning at the secondary and ter
tia ry levels of education and for under
standin g the relationship between edu cati on 
and emp loyment. 

Data to build 
information system 

He says that the basic aim of STEP is to 
use exist ing data. and to co llect new data 
where nece ssary. to build up a computer
based information system to monitor the 
flow of people through scientific and non 
scientif ic courses in th e Victorian educat ion 
system and into employment. 

" W e wanted to carry out an analys is of 
tren ds In cour se choices and educa t ional 
preference s w hich would contribute to the 
managemen t info rmat ion requi red in handl 
ing such major issues as produ ctiv ity and the 
need to avo id serious imbalances between 
educat ion. train ing and employment. 

" W hat we have done IS to esta bl ish a set 
of 'f1ow stati sti cs' by wh ich change is 
monitored and from wh ich. at least in the 
short term. trends can be predi cted . 

" W e have found. fo r example. that STEP 
data can be used t o predict HSC subjec t 
combinati ons with an accura cy of two or 
three per cent." 

W alsh explains that while STEP is con 
cern ed w ith Victorian data , there is sound 
reason to be lieve that its results provide an 
Indi cat ion of Australian trends. He is hopeful 
that thrs will st imu late parallel w ork in oth er 
states. 
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• raises 
• queries 

According to Wal sh. two events spur red 
th e seekin g of the type of data obtained in 
the STEP study. 

One was an Inqui ry into science and 
techn ology In Au stralia carried out by the 
Organi sation for Econom ic Co-operation and 
Development (OECD) in 1974, and the other 
was the release of the populanon for ecasts 
by Professor Berrie's National Population In
quirv In th e same year. 

" W hen w e appeared before the OECD in 
qu iry: ' he says "we w ere asked qu estions w e 
co uld not answe r because w e did not have 
the relevant informat ion However. w e saw 
how desirable It w as that such informa tion 
should be avai lab le." 

, 

Mr Warren Mann (above), the former Careers and 
App ointments Officer a t Monash , helped for
mutste the STEP Projec t. 

"Then the Borrie Report w as relea sed. 
with ItS project ions of mu ch lower rates of 
popu lat ion growth In Au stralia than previous
ly had been assumed. 

" M ost educati on ists were taken by sur
pri se; few seemed to have seen the link 
bet w een demography and edu cation. But the 
Report earned a wa rning: fewer students 
w ould be present ing for second ary and ter 
tiary edu cation . and the effe ct would be felt 
sooner than was generally thought. 

" Now. of course. w e are beginning to see 
the fo rce of Professor Berrie's predi ctions. In 
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19 77, for instance. th e HS C pass population 
in VI ctoria dropped for th e first t ime 111 a 
generation. and It dropped agai n in 197B. 

" M ann and I then set out to answe r a 
complex and elusive set of questions w hi ch 
are fundamental to a proper understand mg of 
the transition from second ary to te rt iary 
educa tion and into the w ork for ce. 

" W e we re aware that few er students were 
takmq various mathematics. science and 
language subj ects . but w e had no way of 
knowm q how th is aff ected specifi c subject 
combinations. 

" Our data showed conclusivatv for the fi rst 
tim e that the numbers of students wi th the 
quali f icati ons needed for courses in engin eer
Ing and the physical sciences had dropped 
and wou ld continue to decline. 

"The trend aw ay from mathematic s and 
sciences wh ich began at the beginning of the 
seventies wa s difficult to understand and still 
has not been expl ained sat isfac torily. But it 
marked the begi nning of what has been 
termed the 'squeeze' on such courses as 
enqi neeri nq and physical sciences - th 
declining numbers of students presentir 
t hemselves at terti ary inst it utio ns to under
take these cou rses." 

Another phenom enon hIghl ighted by the 
study IS the marked disparity between males 
and females in the subject combinat ions 
chosen 

W alsh POint s out that whi le th e number of 
girls taking HSC exceed s the number of boys. 
and they pass at a higher rate . girls have 
op ted out of math s and science combi natio ns 
in much greate r proport ions than boys 

Boy, girl 
choice disparity 

" For example. though only about 15 per 
cent of boys at year II (Form V ) are taking 
combinatio ns w hich incl ude no mathematics. 
the pro po rtion is about 35 per cent for girls 
At y ear 12 the proporti on s without 
mathematics have grow n to about 40 p 
cent and 65 per cent respectively. 

" It is diff icult to believe that females arr ive 
at their HSC subject cornbrnat ions as a result 
of fre e deci sions based on the same 
educational reasons as boys. and th is would 
be an area fo r valuable further research . 

" It is clea r that for many the range of 
stud ies they can undertake at tert iary leve l is 
seriously limi ted by subject choices they have 
made at HSC and in ear lier years ." 

Emp hasising that it is not the onl y role of 
secondary educat ion to prov id e raw mat erial 
for tertia ry insti tut ions. W alsh expresses con 
cern that many young people. girl s partic ular 
ly but also boy s. are entering the w ork force 
w ith out qualifrcanons in any of the so-c alled 
'rrgorous' subjects. and may consequently 
find themselves at a disadvantage. 

" M any employers". he says . " take the 
view that young people entering the work 
force without passes in th ese subjects may 
not be able to handle complex or abstra ct 
tasks and are. generally. not suitably equip
ped for a future marked by technological 
change and a low -grow th economy " 

Continued on Page 5 
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Making our 
memory
 
work more
 
efficiently
 
TEACHERS OFTEN complain that their 
pupils handle the iso la t ed pieces of a

I. problem well enough, but can 't seem to 
put them all together. 

Now a lecturer in th e H igher Education 
Advisorv and Resear ch Unit at Monash, Dr 
Natal ie Kellett, has developed an hypothesis 
w hich explains why thi s is so. 

Kell ett was aw arded a Ph D. degree for 
her th esis on th e hyp othesis. which IS an at 

/" empt to rela te info rmation content. co ncep
tua l underst andin g and the d if fic ul ty of a 
learning task 

Initi al researc h fo r the study w as directed 
at frndin g out why secondary school st udents 
in Glasgow had tr oubl e understanding part s 
of an organ ic chemist ry course th eir tea chers 
co ns idered " easy". 

According to Kell ett , w ho be gan her 
acade rnrc career as a physicist and later 
moved into educat ion research , the study 
revealed that students are sometimes given 
too mu ch inf ormation on a problem, that this 
excess of Inf ormat ion overl oads thei r "work
109 m em ory", that teach ers per cei ve the 
prob lem dsfferentlv to their pupils, and that 
the average student takes mu ch longer to 
gain command of a concept than teachers 
reali se, 

HEARU researcher Dr Natalie Kellett present s a simple example of 'chunking ', The top fine of 
cepi tet fetters rep resen t ten sep arate 'chunks' of information i f we are called up on to mem orise 

ttiem. The bot tom lin e, whi ch has been efficien tly 'cnunkeo ', con tains only three pieces of 
information - a much sma lle r load lor the working memory. Photo: Herve Alleaume. 
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Kell ett exp lains that the work ing memory 
I S abl e to co m mand between five and nine 
" chunks" of information (seven plus o r minus 
two chunks ]. 

However , th e Information contained In the 
teache r' s Chunk m ay be more than th e sum 
of the info rm at ion co ntained in a student's 
seven or so chu nks 

Kell ett. who believes th e hypothesis has 
app lica t ions in a wide range of teaching 
Situati ons , says " Educators have to realise 
th at the re IS an inf ormation barrier " - a 

Cont inued from Page 4 

Questions of curriculum 
W alsh says that there is evidence that stu 

dents, parents and even perhaps some 
teach ers ma y not be conscious of the effect 
that subject cho ice may have on edu cational 
and em ploym ent futures, despite the wide 
drs tribu tion of course and career information 
to sch ools . 

He believes that one of th e main Questions 
ar ising out of the STEP data co ncerns the 
fund am entals of th e school curriculum 

J 
" The present Wide range of subject cho ice 

at HSC is apparently hav ing the effect that 
Increasing numbers of students are be ing 
limited In the range of tertiary courses 
available to them 

" A core curr icu lum, possibly including 
English, a mathematics (not the present 
General Mathematics) and perhaps a 
SCience, a hi story or a foreign language, 
m ight ove rco me the tendency of students to 
turn off from ' rigor ous' subjects. 

" The sw itch away from difficult subjects is 
apparent at year II and for some beg ins at 

probl ems are possible " 
Wa lsh believes that th ere are man y other 

que stions which require discussion and 
perhaps fu rther research . What are the ef 
fects of the loss of flexibility and Quality in the 
secondary system ? Is there too mu ch subject 
cho ice ? A re the prerequisites for some te r
tiary cou rses out of tou ch w ith the quahfica
tions of the stu de nts available? Is adequate 
mformation and cou nsell ing provided at the 
times when cri t ical subject choices are 
ma de? Ar e student aspirations and expecta
ti o ns reasonably aligned with com m uni t y 
needs and With available ternan places? 
What effect have th e methods of tea ching of 
m athernancs . for example, at the primary and 
ear ly secondary level had on the swmg away 
from th e physical sciences and engineering? 

The se and many other Questions for 
edu cation plann ers and SOCial scientists are 
Isol at ed by the STEP studies, and th e data 
provides a ric h mine for them to explore. 

STEP wi ll cont inue to provide data which 

Fe 
Q./ I/ r , 

~ J o 4... O F"~ . 

limitation on the amount of information the 
memory can handle at the one time. 

" Students operate under this constramt . 
and if the y do not understand, the y have to 
choose ways of cop ing - ways which are 
often counter-productive in terms of ever 
gainin g a conceptual understanding of the 
subjec t. 

" A teacher with thi s understanding is at an 
advantage because his seven or so chunks of 
inf ormation are in reality an aggregat ion of 
man y small er pieces. Hi s one chunk of infor
mation m ay equal ten chunks of a novice 's 
Information, and he can work sirnultaneouslv 
on a huge Quantity of information , although it 
make s up onl y seven or so Chunks for him". 

Kellett says t here are ways tea chers can 
hel p pupils look at problems thr ough ex
perienc ed eye s 

She says: " Teachers must think carefully 
about the st rategy th ey adopt. They mu st be 
mindful that some ' recipe' for so lv ing the 
problem may ov erload the working memory 
and the brain 's ca pacity to take in informa 
ti on 

" Students who are drilled in a ' recipe' 
sol u tio n lon g enough may get th e right 
an sw er, but the y will probably have little or 
no understand ing or concept of what they 
have done 

" T herefore, teachers in itially may have to 
use small Quantities of information in such a 
way that their pupils begin to perceive what 
the problem is about. 

"Thrs means tea ching a pupil to under
stand first. With a recognition of the fact that 

there wi ll be a longer time gap between 
sta rling to learn a topic and understanding it 

" Teachers may also endeavour to help 
the ir students to chunk information more ef
frcren tl v " 

year , 0 or even before. wrll be o f co n s id e ra b le interest to 

" M uc h m ore resear ch needs to be done educa t ion ists as w ell as to researchers in a 
before sa t isfac t ory so lut io ns to these va riety of drsctplines. Continued overl eaf 
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the need to use special films whi ch required 
very powerful lasers. Laser measurements 

Instead, Baker's adaptation uses readily 
availabl e film and a basic 35mm cam era 
equipped with standard lenses. He showedmade cheap, easy 
how an expensive and powerful laser, costmq 

HOW DO YOU measure movement when 
it is not apparent to the naked eye. and too 
small to be monitored by conventional 
measuring devices? 

Sci entists and workers in industry are 
regularly called upon to carry out such t asks. 
The problem is, however, th at man y of the 
tech nique s fo r measur ing sm all mo vements 
are pro tubit rvelv expensive because they re
qui re com plex equipm ent. espe cially w here 
the measurement of particle velocity in fluid 
flow is con cerned. 

Now, a y ou nq hon ours student in physics, 
Paul Baker. has modified one such techni 
qu e. ca lled ' laser speck le photography'. and 
show n how it can be made to w ork simply, 
eas ily, and w hat's more. inexpens iv ely 

Baker carri ed ou t the mo dification as part 
of an honours year research pr oject wruch 
w as supervised by a Read er in the depart
ment of phvsics. Dr Gordon Troup, and a 
senior lecturer In the department. Or Fred 
Ninja, Th e physi cs department 
photog rapher. Mr R, Bryant. also gave con 
si derable t echnical assi stance with the 
production of negatives for the project. 

"lIiiiiilIiiililiriillllll~~~· 
Physics honours st udent Paul Baker adj usts 
the camera used in the laser measurement 
techn ique. Photo : Herve Alleaume. 

A ccording to Baker, research Into applying 
speck le ph otography to the measurement of 
velocities III fluid flows has been hindered by 

close to $20.000. could be replaced in the 
technique with a low-powered helium neon 
laser. purcha sed for around $200 

Despite the b Ig reduction in co sts , Baker 
says his adaptation of the technique yields 
resu lts SImilar to o ther methods which re 
cuir e co mplex and exp ensive electr oni c and 
opncal equipment. 

Baker de scribes the technique as a " tool 
lookmq for an application." 

He has dem on strated how It can be used 
for monitorrng sma ll velo cities ranging from 
less th an two centim etres per second down 
to ten mi crons per second. (One m icron is 
equal to one-m illi onth of a metre) . 

One novel applica t io n Baker developed 
wa s to measure th e vel ocity of particles con
tam ed in fluid in the stem of a com mon form 
of water plant. 

He says that w hen scienti sts first observea 
the spec kled gr anula r pattern on the surface 
of material l it by laser beams, the y regarded 
It as a nui sance because it was a source of 
cnsturbance or " noise". 

Con tinued on Page 7 

Continued from Page 5 

'Chunking' efficiency enhances learning 
She explains that the point of the Glasgow 

stu dy which aroused mterest was a failure 
among students to understand " funct ional 
groups " in organic chemist ry. These are 
roughly defined as groups of atoms with in 
th e molecule which determine how the 
m olecu le w ill react in a given situation. 

" The experienced organic chemist im
m ediately sees these units In mu ch the sam e 
way as we would recopruse the name 'Sm it h' 
If It was flashed on a screen for a second or 
less. 

" How ever. the experienced teacher ma y 
have forgotten how difficult it was for him to 
learn the sam e topic while the good student 
who understands the topic easily may chunk 
mstinctrvelv.' 

Kellett says the study showed that it took 
st udents longer to understand a concept tha n 
their tea chers bel ieved. Teaching strategies 
which enhance conc eptual understanding 
may help shorten this time. • 

" In the case of functional groups, one way 
of assisting conceptual understanding would 
be to write the functional group in coloured 
cha lk, so that th e student sees the group as a 
unst or entity in mu ch the same ways as does 
an experienced organic chemist. 

" There is a link between understanding 
and per ception. Because children did not un 
derstand functional groups they had difficulty 
perceivrnq that the figures in the formula 
represented a 'separate' un it when written in 
the usual way. 

"By using different colors for groups, we 
are trying to 'w o rk' learning the oth er way, by 
seeing if we could alter a person 's percep
tion, almost mechan scallv. to enhance con 
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ceptua l unde rstanding. 
" The strategy may help students to see 

fun ctional grou ps as a un it. and it also has 
another important effect: it conserves the 
working memory . 

" Inc reasing conceptual understanding 
means, in fac t. that you can include more m
format ion in each chunk. so th at th e capacity 
of the workmq memory effe ctively increases 

" W ith a better understanding of the con
cept. a student should be able to develop a 
more organised or 'converging' strategy 
towards the solutron of a problem, 

" A child who lacks conceptual under
standrnq IS unl ikely to be abl e to comprehend 
any large body of facts. and if left to his own 
devic es. is likely to choose a completely ar 
bitrary method of solving the problem as he 
sees It ," 

This , say s Kellett. demonstrates the link 
between conceptual understanding and ef
fecti ve use of working memory. 

" M usicians. for instance. take in groups of 
complex notes -- - they chunk - without 
conscious effort . , they have reached the 
stage of conceptual mastery." 

In pra cti cal terms the hypothesis proposes 
that where there is a lack of conceptual un
derstanding, pupils may perform reasonably , 
while not necessar ily showing mastery, and 
not complain of difficulty III low information 
situations. 

But in hIgh information situations, where 
the number of chunks to be taken into the 
working memory exceeds capacity, perfor
mances drop dramatically and pupils com
plain of difficulty. 

This , she says . leads to that familiar corn
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plaint of teachers abou t " children be ing able 
to handle Isol ated pie ces of a problem , but 
not betnq able to put th em all together " 

Kellett believes the hypothesis has some 
imp ortant applications for understanding 
learning processes and for teaching pra ctice. 
It sho ws that pup il s w ith a low level of con
ceptua l understandinq are drsadvantaqed 
because they chunk inefficiently: they in 
crease their w orking memory load by treating 
redundant informati on as necessary; and a 
likel y to use inefficient or arbitrary strateqi 
w hen called upon to take in maximum infer
matron. 

These disadvantag es could be lessened by 
taking steps to increase chunkmg efficiency : 
providinq simple. eff ic ient strategies such as 
computat ional rules for use when pupils have 
to deal with large amounts of information: 
and redu cing th e amount of information 
where po ssible. 

In some cases , a redu ction in the total 
amount of informat ion to be considered can 
be achieved simply by exclud ing or delaying 
th e teaching of certain topics where the in
formation contained in them overloads work
ing memory. 

Kellett adds that the overloading of work
ing memory is possibly the most important 
factor Isolated by her research. 

Already. three research studies based on 
the hypothesis, and examining different areas 
of learning difficulties. have been initiated. 
The work is being supervised by Dr Alex 
Johnstone. a noted educationist who is 
Dire ctor of Science Education at Glasgow 
University. Johnstone also supervised Kel
lett's research. 
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Technique 
is sensitive 

" But ten years ago , the y realised that the 
speck le patte rn provided additional informa
tion about the surface of the object and so 
cou ld be utilised," he says, 

Baker expla ins that speckle patterns occur 
w he n laser b eams , which h av e one 
wavelength, hit a rough surface. Som e of th e 
light waves scattered back from the surface 
cancel each othe r out. givin g rise to " da rk" 
speckles, w hi le ot hers are superimposed on 
each other , makin g " bright" speckles, 

W hen th e ob ject moves, so too doe s the 
speck le pa tte rn To make use of thi s 
pheno menon for measuri ng purp oses, a 
photograh of th e speck le pattern is taken. A 
short time lat er, the same negative is re
exposed to th e shifted speck le pattern. 

Aher developmen t, the diffract ion pattern 
, th e negative is pro duced by shining a laser 
.am th rough a lens, then the negative, on to 

a screen Thi s revea ls bright and dark fringes 
due to th e cancell ing and add ing of light 
waves from parrs of bright and dark speckl es, 
correspond ing to the or iginal and shifte d 
speck le pa tt erns. 

The di stances be tween the fnnges tell 
how far apa rt th e pairs of speckles are, The 
disp laceme nt of the speckles on the negative 
are det erm ine d, and usmq an equat io n in 
vo lvmq such fact ors as the time interval 
be tween th e exposures, t he magnification of 
the camera lens. th e apert ure or "t-stoo" of 
the came ra and speckle size. the valocuv or 
movement of the surface of the obje ct can be 
calculated. 

Baker says th e tech niq ue is sensiti ve 
enough to reveal a di spla cement of ten to 15 
microns over an Interval of 1/1 OOth of a se
cond . 

" It is possibl e to d iscern displac em ent 
greate r th an two spec kle sizes. Speckle size 

oends on camera optics, but it can be as 
'-.._J as five mi crons." 

Says Baker : " The techniq ue has spec ial 
value wh ere th e surface of th e objec t being 
meas ured is rough , and at any contact 
method of measurement is d iffi cult. or not 
desi red. 

" W ith th e technique, you don 't have to 
ma ke co ntact with th e surface, just shine the 
laser bea m from a conve nient angle and 
shoot th e requi red exposures. By using a self 
deve lopi ng film w hich produces its own 
negat ive, it is po ssible to make a mea sure
ment wi th in five minutes . 

" It can be used for studying th e propaga 
tion of cracks in welded [omts, the deforma
tion of plast ic pip ing under high pressure and 
m eas u ring th e exp an sion of p re ssure 
cha mbers. 

" The techn ique has also been used to 
de tec t buckling and to mon itor w hat is hap 
pening w ithin clear mater ials like plastics and 
the velocities of fluids seeded with particles 
to scatter the laser light. 

" T he whole a rea of la ser speckle 
pho tog raphy is sti ll in its infancy, but it IS an 
area of technology which is blossoming ." 
Baker adds. 
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Ph.D s tudent Jo yce WIlkie (I) and senio r lecturer in the departm ent of earth sciences, Or Michael 
Etheridge colle ct ed rock samp les, l ike the one p ic tured, during f ield trip s to ancien t earthqu ake 

eroded fault zones in Australi a, Thei r research IS be ing suppo rted b y a g rant from the U.S, 
Geolog ical Survey, Photo: Herve Alleaume . 

Geologists probe old
 
earthquake stresses
 

MONASH GEOLOGISTS, using a theory 
'borrowed' from metallurgists. have found 
evidence of the stresses wh ich built up in 
'active ' fault lanes in rocks deep beneath 
ancient earthquake areas , 

The geologist s belie ve some of the stres
ses w ere of th e order of 150 rneqapascals . 
equa l to about 20 ,00 0 Ibs (nine tons) to the 
squ are inch , 

The geologists carrvmq out the research, 
wh ich IS being supp orted by a grant from the 
Unit ed States Geolo gical Survey, are Dr 
Michael Etheridge, a senior lecturer in the 
dep artment of earth sciences and Joyce 
Wilkie, a Ph D. student in the department. 

The stud y invo lves measuring the size of 
'grains' or crystals in rocks collected from 
'deeply erode d fault zones'. These are areas 
of rock. typically foun d in the central parts of 
cont inen ts, w hich. millions of years ago . w ere 
deep down In the eart h's crust 

The researchers say earth movements in 
the faul t zones, where the rocks were hot and 
ductil e, were t he 'pow erhouse' of earth
qu akes 

They say ' " The rocks in th e fault zones 
were malleabl e like heated metal , and when 
stressed during earth movements, deformed 
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In a stabl e manne r. unlike the rocks above , 
w hich were co lder and therefore more brittle, 

" W e had an Idea that rocks in the act ive 
zones behaved in much th e same way as 
metals when th ey are heated and w orked. 

" A great deal IS known from metallurgical 
theor y about the w ay metals behave und er 
these cond it ions, and there are mod els which 
relate to the stru ctures form ed when metal s 
are heat ed and worked 

" One of the se th eor ies suggests that grain 
or crys ta l size in metal is uniquely depend ent 
on the magnitude of th e deforming str ess. 

" This has Important implication s for in

vestigating earthquakes because It is difficult 
to under stand earth qu akes or their genera
ti on unti l you hav e a pic ture of the stresse s 
Involved. 

" Stres ses in present day eart hquakes are 
Imp ossible to mea sure dire ctly because of 
the depth at w hic h th ey occur, and the few 
w ays of ind irec tly assessing their magnitude 
provide a large spread of values wh ich do not 
seem to acco unt for the whole picture. 

" W e want to ascertain how large the 
stresses are , and their level before earth
quakes are tnggered 

Cont inue d overleaf 
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Ancient active zones hold key
 
" W hen rocks deep in the crust are heated 

and a str ess IS applied through earth move
ments. th e rocks are deformed and grains or 
crystals of rock are distorted and recrystal
lise. producing smaller grains. Metallurgical 
theory holds that the grain sizes achieved in 
this haatmq/stress process are in equilibrium 
with the stress applied. Therefore. a 
m easurement of grain sizes provides a means 
of calcu lating the st ress needed to create 
them " 

So far. the study has taken Etheridge and 
Wil ki e on major field t nps, inspecting ancient 
eroded zone s around Alice Springs and other 
areas of earthquake activity in the Snowy 
Mounta in s. th e Kiewa Valley and around 
Adel aide. where there is an active earthquake 
zone. 

To complete th e rock collect ion . the 
University of Adelaide gave the researchers 
samples of rocks from the Musgrave Ranges 
In northern South Australia. The area is 
believed to be one of the oldest and deepest 
eroded fault zones In Australia. 

Wilkie says the eroded zones comprise 
rocks ranging from 350 million years. to over 
1000 million years old in the case of the 
Musgrave Ranges. 

"These zones originally lay 20 to 30 
kilometres below huge mountain ranges. akin 
to today 's Himalayas and Andes:' Wilkie 
says. 

" The mountains have now mostly eroded 
away. leavin g the ancient active zones at the 
earth 's surface " 

To measure gram size . Wilkie makes a 
tran spar ent thin section o f the rock and ex
amines it und er a powerful microscope. Us
ing data from the measurements. a statistical 

Jupiter's 
rocky belt 
is no 

•surprise 
NEWS that the U,S . National 

Aeronautics and Space Administration 
Voyager I probe detected a ring of rocks 
orbiting the planet Jupiter should not sur
prise readers of Monash Review, 

The prediction that Jupiter was encircled 
by a rocky satellite belt was made in Monash 
Review 3-77 by Dr Andrew Prentice. a 
senior lecturer in mathematics at Monash. 

This prediction. and others. followed Pren
tice 's work on developing a theory about the 
beginnings of our solar system - how super

sonic movements of gas in a primordial gas 
cloud allowed the planets to spinoff into 
separate entitles. 

Prentice based his theory partly on the 
Ideas of the great French mathematician 
Laplace. whose theory had been largely 
debunked by modern scientists (until Pren
tice, that is). Prentice was convinced that 
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This magnified photograph shows a sample of 
quartzite from the Alice Springs area . The farge 
light elongated areas are the orig inal ou er tz 
grains, while sround them are smell new grains 
which have grown in response to s tress during 
earth movements. The new grains are about 30 
micron s across. 

base ISbuilt upon which the stresses Involved 
In creating the grains can be calculated . 

" Th e grain sizes vary from five to ten 
microns up to 300 to 400 microns" . (A 
micron is equal to one-millionth of a metre!. 

Etheridge will report details of the 
research findings to a U S. Geological Survey 
conference in Palm Springs in April. 

Right : Mathema/ i
clan Dr Andrew Pren
ti ce ; betow: Pren· 
ti ce's prediction 
from Monash Review 
3·77. 

" I am confident sci ent ist s will f ind 
another tw o satellite belts around Uranus 
and a rocky satellite belt. so tar un d is
covered. around Jupiter. as well as a new 
ring around Saturn. The belt of Jupiter will 
be disc overed to be at a distance of four 
times the rad ius of t he planet from i ts 
cent re, while that of Satu rn will be at three 
times the ra ius. 

modern astronomical findings vindicated 
Laplace. 

He then set about developing a new 
theory which he supported by detailed com
puter cal culations. This research was done 
partly In collaboration with a Ph , D. student 
at Monash, Kerry Hourigan. 

In what U.S. space scientists claim is the 
most surprising' result of the Voyager I 
probe. the faint satellite belt was found at a 

He says th e Geological Survey has spon 
sored w orldw ide research into earthquakes, 
their predi cti on and th e reduction of risks 
when the y occur. 

He say s " Suc h fa ctors as animal 
behavrour prior to earthquakes are also com
Ing under scrennfic scrutmv III th e U.S 
resear ch . 

" In Au str alia the re are few earthquakes, 
al thou g h th ere w as much more acti vity mil
lions of yea rs ago There are. however. some 
areas of minor activity. such as the south 
eastern poruon o f the Great Dividing Range. 
th e Adel aide are a and th e south-west of 
West ern Australi a 

" Earthquakes recorded here recently are 
relat ed to sm aller faul t movements and to 
lower stresses than those responsioie for ma 
lar earthquakes 

" W h ile Au stralia is not an active earth
quake zon e, th ere is mu ch to be learnt abou 
them from study ing the deeply eroded an
cient fault zon es " 

Etheridge says the only count ry which has 
succes sfully predi cted a large earthquake so 
far IS Chm a. which has thousands of amateur 
observers In the field , monitoring simple in
s t ru m e nts and ob serving fundamental 
ohvsical signs such as the depth of water in 
wel ls 

Eth eridge hopes to extend his research 
into the relationship between grain size and 
stress through build ing up a deeper under
standing of the rnecharusrn involved. 

He believes such research would help 
calib rate the grain size/stress equation more 
acc urate ly. allowing eart hquake investigators 
to have more conf idence in the stress values 
obtained. 

distance of two Jovian radii ... while Pren
tice predicted it would be four Jovian radii 
from the planet's centre. 

Prentice has now asked NASA to re-sce 
the Voyager data to ascertain if there 
another satellite belt at this radius. 

In Prentice 's theory, reported in Monash 
Review 3-77 , the planets were formed from 
gas ring s spinoff the origrnal gas cloud. By 
incorporat ing supersonic gas movements 
into the computer program, it can be shown 
how the primordial gas cloud shed its angular 
momentum through the detachment of the 

rings . 
The beauty of the theory. he adds. is ap

parent in that the planets. and in turn their 
satell ites, formed co-genetically with the 
parent body, accounting for the chemistry of 
each system almost perfectly. 

" The fact that the inner satellites and rings 
of Jupiter are rocky. like the inner planets of 
the solar system. is merely a reflection that it 
wa s far hotter during the final stages of the 
cloud's contraction ." 

Prentice is confident that future space 
probes will bear out his predictions for other 
planets in the solar system. These include 
two satellite belts around Uranus. while Nep
tune w i ll be ' the odd man out' . with none. 
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