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Editorial

Science Education in Malta - into the 21st Century

Welcome to the second issue of Xjenza. This issue is
dedicated solely to the Proceedings of the Malta Forum
for Science Teachers which was held between the 16-18
September, 1996. This Forum was organised by the
Malta Chamber of Scientists in collaboration with the
Faculty of Education and the Faculty of Science from the
University of Malta, and the Education Division. There
were three British Education Consultants invited to take
part in this Forum, namely Dr, Susan Tresman and Ms.
Elisabeth Whitelegg from the Open Universtiy, and Dr.
Jan Harding. These speakers were guests of the British
Council and | would like to take this opportunity to
thank the British Council for their sponsorship, without
which it would not have been possible to hold this event.

The problems facing science education in Malta need to
be articulated and solutions proposed now if we are
going to be heading into the 21st century with a defined
long range science policy which makes sense for Malta
and which is the object of a national consensu$. The aim
of the Science Forum was precisely that. Identifying the
problems involved in science education is the first and
most important step in this exercise.

The crucial problem to be addressed is “Why do so
very few students opt for the sciences in our country?
What is it that puts students off the sciences at such
at an carly age, which as things stand in Malta at the
present time, is the determining factor in the choice
of a career?”

Let’s start by looking at science in primary education,
or rather the lack of it. The importance of compulsory
science teaching at primary level cannot be
overlooked. Science should be made part of the core
curriculum for 7 to 18-year olds. If science is
introduced early enough then it will be possible to
introduce a culture of science in our youth, Teaching
science that is fun, that is related to everyday life,
that generates interest in students and thus imparts
lasting enthusiasm for the subject which would
encourage them to further their scientific studies
beyond post-secondary levels, is of utmost
importance.

One of the invited speakers, Dr. Susan Tresman from the
Open University, directs the programme of training for
teachers of primary science in the U.K. In the Workshop
she gave (refer to article on page 33), she talked about
the method used for compulsory primary science in the
U.K., about the curriculum that has been developed and
the way training of teachers for primary science is being

carried out. The Open University in the UK. is the
world’s leading distance-learning centre. We need to
follow up this established contact. Dr. Tresman showed
an interest in advising on changes required to be brought
about in Malta if primary science education is to be
developed. I am not saying that we should follow the
U.K. blindly but there already exists a programme which
has been developed after careful research and which can
be started immediately after the appropriate training in
teaching skills is given to the teachers. The curriculum
has also been developed. Perhaps as a starting point. in
order not to waste any more precious time. we should get
going and if any changes need to be done to make the
curriculum more relevant to our islands, then it can be
modified accordingly.

But let’s make a start. let’s not waste more time talking.
We have talked enough. Action is now what is required.
I believe we should seek opportunities for collaboration
with the QU to share the expertise they have developed.
Let primary school science be a starting-point. As Dr.
Tresman rightly emphasised in her talk in the final
plenary session of the Forum, funds are required to be
directed towards release time for teachers if the primary
science programme is going to work. Teachers need to be
given time to work on the programme, away from
contact and the pressures of the classroom. There also
needs to be a means of validation, perhaps a diploma
which needs to be financed as part of in-service teachers’
training. We have to encourage the right attitude towards
science so that science is established as part of the core
curriculum at primary level together with mathematics
and other subjects.

Introducing compulsory science, rather than compulsory
physics at secondary level only, will serve to improve
science literacy in the next generation. In the context of
compulsory science, should we be looking at an
integrated or rather a broadened and balanced science
subject or should we stick to the rigid divisions of
Chemistry, Biology and Physics? A possibility would be
for all students to do compulsory science at secondary
level, while Chemistry, Biology and Physics would be
studied by students who favour a science-related career.

The very wide curriculum content of science subjects
taught at secondary and post-secondary level in schools
is resulting in overloading and therefore cramming and
is making the learning of science in our schools very
difficult. This should not be the case. One should
perhaps be talking about altering as well as reducing the
curriculum content. There should be less teaching done
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in schools but it should be of better quality. n which the
thinking and creative skills of the students arc brought
out rather than their abilitv to cram (scc Mr. Pace’s
article on page 42).

This brings us to the mportant issuc of tcachers’
training. The introduction of an intcgrated science
subject. as has been introduced 1n other countrics. would
need a reculturing amongst teachers. One would change
from being a Chemistry or Biology or Physics teacher to
being a Science teacher. This would. of course. entail a
change 1n the way teachers arc bcing traimned and
requires careful thinking. The introduction of a
compulsory science subject at Intermediate-level for
entry mto University 1s definitely a step 1n the right
direction. but perhaps the way this 1s bemg implemented
1s not (rcfer to Prof. Vella's paper on page 44).

Science teachers need to be provided with adequate
resources and technical support to be able to carry out
their tecaching duties well.  All schools nced well-
equipped laboratories where pupils can perform hands-
on cxperiments in small groups from a very carly age.
More field-work nceds to be encouraged. Only in this
way can wc move away from science teaching purely
from text-books to science teaching that is alive and
relevant to the world around us. With this aim 1n mind.
there should be more pre-service and in-service tcacher
training of the right type.

[t could well be the language problem that is keeping
students from taking up science. The fact that science is
taught in English, using text-books that are written in
English, does not encourage students to opt for the
sciences when the standard of English is falling in our
schools. This perhaps calls for some rethinking to be
donc. Should there be special courses in scientific
English given to both teachers and pupils at secondary
level and beyond for better communication in English?
Since graduate teaching and scientific research is all in
English. would it not make more sense to improve the
standard of English in our schools, so that students can
cope better with any subject that requires a command of
the English language?

Another issue is that of gender. Why is it that so very
few girls are opting for a science carcer in Malta? Dr.
Jan Harding in her paper (sce page 20) mentions that

perhaps “humanising”™ the tcaching of science would
attract more girls to the subject. There is also the
problem of culture. We keep hearing the phrase “Science
1s not for girls It is far too difficult and technical for
them. Girls would do better opting for the Arts.” How
truc a statement is that? There is nothing to show, in
fact. that girls who opt for the scicnces are doing lcss
well than their male couterparts. Again this calls for a
rcculturing  amongst. perhaps. the carcer guidance
cxperis. parents and teachers themselves. so that girls are
cncouraged 1o opt for a career in science. Dr Whitclegg
in her article (see page 39) refers to “the traditional
unage of Physics which is one that is unappealing to
many girls.” It is this traditional image of science that
requires changing. if we want to encourage morc girls to
take up a science career.

The final point | would like to make concerns increasing
scicnce literacy amongst the people, that is popularising
science. Science Week, organised by the Malta Council
for Science and Technology in March, 1996, was
definitely a step in the right direction. The Malta Science
Reports in The Times, which are monthly features cdited
by Dr. Richard Muscat for the Chamber, are also helping
the lay people understand what scientists do in Malta.
Perhaps translating these articles into Maltese and
featuring them in a Maltese newspaper might be of usc
to those readers who are not comfortable with the
English language. Radio and television programmes on
science should also become a regular feature in Malta.
Adult science education could be a possibility. We arc
here talking of tackling the problem of science illiteracy
amongst Maltesc of all ages. In Britain, great strides are
being made in communicating science to stimulate
society’s comprehension and appreciation of science and
tcchnology through the “Public Understanding of
Science” initiative. The Malta Chamber of Scientists
could launch a similiar initiative in Malta, given the
appropriate funding and resources. If an cffort is madc
and speedily so, perhaps the picture that will emerge in,
say, 5-10 ycars’ time will be one of encouragement and
achievement.

ANGELA XUEREB
EDITOR
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Development, Science Literacy and Education

Alex E. Felice

President,

Malta Chamber of Scientists, P.O. Box 43, Valletta B.P.O.. } ulletta.

It may be fair comment to state that quite often. as in the
casc of hecalth services. many pecople have unrealistic
cxpectations from education and few can be said to be
completely or even partly satisfied. Yet. there seems to be
general agreement. both here and overscas, that there is a
nced for change. if not simply to improve the way scicnee
is taught in our schools.

There are many questions which could be raised. For
example: What do we teach? How do we tcach 1t7 At
what levels perhaps? Why do we teach science? What 1s
scicnce and what do scientists do? Should we as
laxpayers pay for science?

I shall attempt to address some of these questions from
my perspective as a working scientist. | shall argue that a
competitive and productive scicnce and technology scctor
1s cssential for progress in a small island state. 1 will do
this bv placing the issues connected with reform in
science cducation in the broader context of science,
society and development.

I do not for onc momcnt doubt that the scicnce we need
to do must be good scicnee. Therefore. we need to have a
socicly literate in the scicnces as much as we need to
have well cducated and trained research scientists and
cngincers. One of the main reasons for making such an
cmphasis at this stage of national dcvelopment is that
sciecnce must be considered an integral part of our
cconomic development. A scicnce intensive cconomy 1s
almost obligatory for a small island economy in order to
sustain future development internally, benefit from
external innovations, increase productivity and at the
same time  remain  competitive  without impinging
exceessively on our cnvironment.

As a profcssional organisation and a tcarned society, the
Malta Chamber of Scientists wants to present the case for
tong term reform in science education, one that is robust
bevond any quick fix, and one with the primary objective
of high quality science literacy for all citizens. We would
like to launch a debate betwcen all interested parties to
identify the limitations and the hurdles that our teachers
and our students face in our education system from
primary school to sixth form and to initiate the necessary
changes. | am certain that the Malta Chamber of
Scientists has a profound intercst in these issues and it
intends to participate as a catalyst in the reform
process.

Admttedly. Maltcse Socicty is not a scientifically literate
socicty nor has there been anv tradition. let alone a
strong onc. In science. It has been said that no record
exists of a wheeled vehicle having been used in
agriculture before the arrival of the Knights of Malta.
Although many technologies must have been introduced
i conncction with the shipvards which mav have
contributed to our carly steps in industnalisation. these
do not seem to have kept pacc with scientific and
technological progress elsewhere. Today. they have been
replaced. albeit on & Iimited scale. by newer technologics
in other scctors such as clectronics and information
sciences.  However. - other scctors.  such  as
biotechnology and new matcrials. arcas in which we
might have strategic advantages becausc we could scale
thcm down to our size. remain largely absent. It can be
scen that there 1s still too little scientific space in the
sphere of our cconomy o which our voung people could be
exposed and with which thev could be favourably impressed.

Howecver, therc exist a focw enterpriscs or institutions
which could be involved to a greater extent in the
popularisation of scicnee and i education. Admittedly.
the public scctor 1s exposed to little science beyond that
which 1s basic in health, cncrgy. environment and
agriculture and a few other arcas where scicntists might
be cmploved. Nevertheless. there arc  significant
opportunitics. for cxample. in aquaculture.
communications and water production. and which could be
more closcly involved with schools and higher education.

The private scctor is increasingly occupicd by service
providers which make intensive use of information
scicnce and computer technology. However, it remains.
as far as manufacturing is concerned, in necd of
considerable restructuring if it i1s to alter the present
position of local companies from being littlc more than
manufacturing subsidiarics of forcign corporations. In
order to succeed, they depend on lower wages and
mtensive aid in a variety of forms. It is rarc for them to
cmploy scientists. A few companies whose activitics arc
morc technologically intensive do cmploy a small
uumber of scientists in management, regulatory affairs
and quality assurance but they do not cngage them in any
significant amount of innovative rescarch  and
dcvelopment.

Thirdly, 1n the scctor of higher cducation and rescarch.
the scicnee facultics including medicine and cngincering
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still struggle with small numbers of experienced staff and
a few committed students. This, in turn, is further
compounded by the low spending on graduate education
training and research.

We do not know how the general public sees these issues
or even if it perceives them at all.

We might ask whether Mr and Mrs Public understand
that cconomic restructuring means a paradigm shift in
the industrial sector from the predominant type which we
have today, where there is little need for science, to an
increased presence of businesses that depend on a
continuous input from scientific research for their
financial success. I have in mind a type of innovative
research-based company which is a highly valued partner
in economic production as much as in education, training
and research. Such a company would provide the
horizons to which students, and I should say their
parents, can seek as suitably satisfying and remunerative
careers. These research-based science careers would
compete favourably with traditional professions such as
medicine or pharmacy, or newer ones in engineering or
computers. Such a company would indeed employ a large
number of qualified and experienced scientists.
Undoubtedly, an economy of this kind is vital to carry us
into the 21st century.

Many developed and rapidly developing countries can
boast of five to ten doctoral level research scientists and
engineers for every 1,000 in their workforce. These
statistics are not perfect, but, whichever way one tries to
read these figures we are far from having the critical
mass of fully qualified scientists. In the Chamber we
have registered 40 PhD scientists. This is far below the
comparable figures for countries such as those of the EU
and North America or the tiger economies of South East
Asia. The reasons may be found both in the economy as
referred to above and in the educational system.
Although we have substantial support for undergraduate
education leading to entry level first degrees, we are
probably unique 1n persisting in the grievous error of not
supporting graduate studies at masters and doctoral level.
[ think this is a fundamental mistake which needs to be
remedied immediately.

Maybe, we should give Mr and Mrs Public some credit
here for, at least, being consistent. The students do not
sce the availability of jobs in science and therefore they
do not study science.

Onc may further ask whether the Maltese taxpayer would
be willing to support national spending on research and
development comparable 1o the two percent of Gross
National Product which is, on average, spent in the EU,
North Amcrica and Sputh East Asia.

If onc tried to answer these questions, one would find
both positive and negative indicators. On the one hand,
we are cncouraged by the cnthusiastic response to the

science week organised earlier this year by the Malta
Council for Science and Technology. by the readership of
our own monthly Malta Science Report and by new
initiatives such as the new investment in a small number
of high technology companies at the Mosta Technopark,
the prospects of Hambros and the Malta Development
Fund and the new funding for research from the financial
protocol ‘that the government has signed with Italy. On
the other hand, the injudicious choices that many people
appear to make regarding lifestyle, health, leisure and
environment and the small number of applications from
students to enter science courses at the university remain
disappointing. In particular, the number of graduates
who pursue graduate level education in the Faculties of
Science, Medicine and Engieering is far too small.

It is justified to conclude that the social and economic
space occupied by science is small, that the level of
science literacy is poor, and that the two issues are
intertwined. Consequently, solutions must also be linked.
For instance, research programmes must be linked with
graduate education and with new business development
which depends heavily on science and technology. Thus,
we contribute by creating new positions for our graduates
and the high value science intensive economy.

There is no doubt that the problems are complex. They
bear on higher education and economic restructuring as
much as on the school system, with many interfaces
between the three. 1 have already addressed the links
between education and the economy. To a large extent,
the academic qualifications for entry into higher
education determine what the schools do. Furthermore,
school science teachers are the products of higher
education. The relationship may somehow be linked with
the hierarchy in the organisation of scientific knowledgc.
In fact, there may be useful parallels between the
hierarchical organisation of science and of education.

In science, one often moves up along a scale from a basic
level of general scientific knowledge, which may havc a
broad scope for lifestyle, work, leisure, etc, to a
progressively narrower and more focused sector within a
science discipline. The first, a basic general scientific
knowledge, would ideally be owned by every member of
society. While many educational experts would argue in
favour of “science teaching" within the core curriculum
of all schools, the subject matter itself may be limited to
ong of three lines of study in anticipation of further
education at first degree level at university or at an
undergraduate college. These are, firstly, the life sciences
which could lead to further specialisation in enabling life
science areas, or to entry into biomedicine, health and the
various biotechnology applications (agriculture, animal
husbandry, aquaculture, food, environment etc),
secondly, there are the physico-chemical sciences which
may lead to further specialisation in basic or enabling
physics and chemistry but may also serve as a suitable
entry into various engineering disciplines, such as energy
or materials scicnce, microfabrication, micro-electronics
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and others; and thirdly, that of information scicnce.
computer technology and mathematics.

Perhaps, given time. the new junior college of the
university may develop along these lines. becoming an
entry level undergraduate college.

Subsequent to this broad-based foundation in science
education, there is the sector of graduate education. This
is much morc focused and specialised. It would lead
cither to higher degrees tightly linked with research
programmes in front line or competitive basic or
enabling sciences, or to professional qualifications such
as the community may from time to time require.
Spending on this science education would be pegged to
objective parameters of national wealth.

Our school-leavers occupy the bottom of this pyramid. 1
think they ought to be the focus of any long term reforms
in science education which we envisage for our schools,

Our counterpart organisations in other countries have of
course preceeded us in promoting change of this kind

The changes already undertaken in the British school
science curriculum are discussed elswhere in this journal.
Another prominent movement for change is that of the
American Association for the Advancement of Science. Ir
is called Project 2061 or science literacy for all (in this'
case), Americans. Project 2061 has involved over 500
experts for the last 12 years and is now producing
benchmarks for curriculum development. The two share
much common ground: the need to diminish curriculum
loading, to soften boundaries between traditional subjects
and to match teaching with the ability of the students to
learn, In principle, we are urged to teach less and take
more time lo do it, so that it can be done better and
within the capabilities of our schoolchildren.

We would like to expect that those 16 to 18 year olds who
leave school with a Matsec certificate at ordinary or
advanced level have learnt at least enough science to be
able to make informed choices about many aspects of
career and lifestyle, both of which are increasingly
dominated by science and technology.

About 80% of our school leavers enter the workforce or

pursue vocational or technical schooling. This figure is

too high. Neither these, nor most of the 20% or so who ™
enter higher education will pursue any formal science

education beyond this time. We do not think that this is

sufficient to permit either a suitable level of scientific

literacy in the population at large or to permit students to

choose a career in science and technology.

By science literacy one understands that all students whao
leave school do so with a body of scientific knowledge
which will enable them to make informed choices about
health, diet and nutrition, exercise, scxual behaviour,
reproduction / family planning, sexually transmitted
disease, hereditary disorders / handicaps, environmental

issucs. wasle processing. energy production and even
politics. in other words. everyday things.

These issues are representative of a range of personal.
social, economic and political decisions that each one of
us has to make and for which a grasp of the increasingly
complex scientific basis is necessary.

School leavers need to have acquired a judicious
collection of knowledge from the worlds of life sciences,
physico-chemical sciences and information sciences.
Exactly what and how much will depend on the intrinsic
importance of each topic within the hierarchical structure
of scientific knowledge. as well as on the students' ability
to comprehend the scientific concepts at their various
stages of growth and development.

This concept of scientific literacy implies a need for
softer boundaries between traditional subjects as well as
new approaches to teacher training. It may be futile to
argue about which is the best route to graduate science
teachers. whether from a first degree in”science or in
pedagogy. What really matters is that the products are
capable of teaching science in an attractive manner. In
any case, the two paths may have to co-exist until a
definitive effective pattern is eventually established.

The need to give both students and teachers a greater
exposure to science in practice implies activities such as
science clerkships in public and private enterprises as
well as at the university. Other activities to consider are
those such as the science week or a school science fair.
Opportunities for scientific visits are present in government
laboratories such as the forensic laboratory or the health
service. In industry, physical science experiences may be
found in the engineering / electronics / energy businesses; in
life sciences, fermentors, beer, wine, food. medicinal
products, vaccine production, aquaculture of fish and
plants / algae. In the university, we tried this with
biotechnology. Some of the outcomes will be
demonstrated in one of the workshops.

We have to ask ourselves: “What can we do to bring the
often abstract notions of science to life in the experience
of both our teachers and our students?”

[t is important that the practical emphasises the scientific
method for it is this that distinguishes science from mere
philosophy. In the proper design of scientific experiments
one learns some skills which are useful also in
management, as well as skills applicable to routine,
mainly analytical laboratory work.

This brings us to the issues of curriculum content and
method of teaching but also to the consideration of
hurdles that may prevent our students from reaching the
desired levels of science literacy. In this regard it may be
important to ask whether there is a language problem.
The number of students failing English at ordinary level
appears to be high. Yet we expect most of our students to
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be taught and examined in a language that is not their
mother tongue. While this may not be a problem for the
few bright students at the top, it 1s not unlikely that a
large majority could gain an edge if thcy were to be
taught and examined in the language that they use daily.
Having said that, [ want to emphasise that this should not
in any way diminish the importance of learning to read.
write and communicate in good English. Undoubtedly,
the language of higher education has to remain English,
but [ think one could make a case for altering the
situation in our schools. There may be disagreement on
this issue and therefore it should be thoroughly studied
and debated.

In conclusion, 1 hope to have madc a case for the
pressing need for change in science education in order to
satisfv our country's needs for science literacy and to
facilitate social and economic development.

The issues arc undoubtedly complex and as a first step
the Malta Chamber of Scientists is inviting science
teachers to join it in promoting the debate by becoming
members. We need to know how we as scientists could
help science teachers in planning and implementing
reform. We would also urge all interested parties to join
cfforts 1n promoting well thought out and well managed
long term reforms.

Membership

Full membership of the Malta Chamber of Scientists is open to all individuals possessing a first
degree in a science related subject. Candidate membership is open to students reading for a science
related degree. Membership fees are due on the 1 June of each year.

Yearly membership fees:
are members).

Lm10 for full membership (Lm15 for a married couple both of whom

LmS5 for candidate members.

Benefits include: 1.

Subscription to Xjenza (LmS5.00 per annum for non-members)

2. Right to attend all monthly scientific meetings
3. Quarterly newsletter

Please mail or fax your details to the:
The Registrar,

The Malta Chamber of Scientists,

P.O. Box 45,
Valletta B.P.O,
Valletta.
Tel:/Fax: 343535
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The Problems of Science Education in Malta - A Brief Overview

Charles Mizzi

Director (Curriculum Management) - Education Division, Floriana.

I believe that the problems of Scicnce teaching in
Maltcsc Schools are the fallout of two main factors.
namely, the relatively recent historical development of
the introduction of a science component in the corc
curriculum, and. the byzantinc divisions among
"science”" teachers who through their  personal
background and training. owe "allegiance" to one branch
of science rather than to a holistic heritage of scientific
knowledge.

I propose to give. in this article. a bricf commentary on
these two facets. As it contains personal interpretations. |
do not mind being judged by the reader as having been
"subjective”, for that is exactly what I am going to be. |
would be more than happy if the article gives rise to an
exchange of views with interested parties whose
perception might be different.

The introduction of Science in the Maltese curriculum
When 1 entered the Lyceum in 1954, 1 was exposed to
two lessons of "Science" per week in the first two years
of my secondary education. (Needless to say, Science
had no place in the Prisnary curriculum). The syllabus in
Form I was made up of a skimpy overview of flora and
fauna. The syllabus covcred in Form 11 ensured that
during the first term, we covered thc fcaturcs of the
Bunsen burner - "a very efficient burner" which we never
saw.

In Form 111, I happened to choose Physics as an optional
subject. (Most students would bypass the study of science
thereafter. Their knowledge of carnivores, herbivores,
omnivores and Bunsen burners being deemed as a
sufficient scientific preparation for life). The Form III
textbook was a skimpy one covering solely "Heai
Energy." The Form IV syllabus covered rudiments of
Optics. In Form V, the rest of the GCE Physics Syllabus
was supposed to be covered in six months. No wonder so
many students detested Science, particularly Physics! No
wonder so many failed to pass their GCE in Physics!

One interesting evaluation of the situation prevailing at
the time, that I came across from a third party, was that
"syllabi at the time were of the right length so as to be
adequately covered in private lessons during the summer
months when Lyceum students had to sit for their
supplementary examinations, once they had failed their
annuals."

The reason for making such a song and dance about the

situation at the time. is that we may casily forget that
many who have occupicd command positions in the
intervening vears. had an inbuilt perception of the
validity of science education founded upon their
interpretation of their formative vears at school. Thus, as
an example. onc should not underestimatc the influence
that say a female hcad of school who had received her
cducation pre-1955 and has an inbuilt conviction that
she has got by very comfortably without any science
cducation, might have had on her students and their
pereeption.

In 1958, things started to change. Science cducation
became a scrious proposition and pursuit. Femalcs were
offercd the opportunity to take up sciencc as an option.
Science was no longer regarded as being fit solely for
males. GCE Ordinary Level syllabi were updated and
were no longer risibie. A sixth form coursc in the
scicnecs based at the {reshly opened secondary technical
school at Corradino was launched. leading to the (then)
recently sct up GCE Advanced Level examinations. Yet.
scicnce education was the province of only a small
minority of the student population - the "cranky ones" of
whom [ was one. From being onc out of an original six, [
have secn the numbers building up bit by bit. until vears
later. a critical mass of science cducators scotched thc
perception of a science education being solely f{it as an
option for a few freakish kids.

In 1976, a new development took place. A top-down
cdict established Physics as a core subject of the
sccondary curriculum. The innovation was not. to put it
mildly, introduced in the most felicitous of manners. Its
introduction as a corc component was concurrent with
the introduction of Arabic. Thc two subjects displaced
the teaching of one foreign language, geography and
history from the core curriculum. It was thus perceived
as a threat to a group of teachers with allegiance to these
subjects within the schools. Antipathy 1o the
"impositions" was rife and made rational judgement of
the situation rather difficult. The measure became
controversial with political overtones in a polarised
situation.

The two questions which were asked at the time were
“Why should Science be a compulsory subject on the
curriculum and not remain an option for those who are
willing to take the plunge?" and "If there has to be a
compulsory sciencc component in the curriculum, why
on earth should that component be exclusively Physics?"
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It is interesting to note that twenty years on, the first
question has receded into oblivion. Maltese society has
accepted that an all round Secondary -education
necessitates meaningful exposure to science in the
formative years. It is also worth noting that in the past
twenty years, the administration of the Island has
changed hands twice. Arabic has been dropped, but,
curiously, Physics has survived.

For the record, [ wish to report the authorities' point of
view regarding the issue of Physics as a compulsory
subject, at the time of its introduction. Physics was then
perceived as a vocational subject - a subject which would
entice students into the fields of engineering and
medicine. An engineering career required a good
foundation in Physics and Mathematics. A medical
career required a good foundation in Physics. Biology
and Chemistry. In line with the philosophy at the time
that career choice should be lefi to as late a stage as
possible, Physics was perceived as the common factor
between the two careers. Compulsory Physics would
entice students to science oriented carcers, leaving the
choice between engineering and medicine until the age
of sixteen. This perception may now have been
superseded with the introduction of the Matriculation
examination. On the other hand, considering the special
requircments of the various Faculties, it may not have
been superseded at all,

Perception is changing from a position of science being a
"vocational subject” to science being an integral part of a
general culture and education.

It may be the case that the time is ripe to address the
following three issues:

(i) Is Physics being taught in Maltese secondary schools
in a vibrant enough manner?

(i) Should the exposure to a science education be
broader than the constraints of an exclusive Physics
syllabus would allow?

(11i) Should a meaningful exposure to science start at
Primary school?

The fragmentation of Science in three distinct fields
Is there any such thing as “a teacher of SCIENCE”, in
contrast with a teacher of Physics, a teacher of Chemistry
or a tcacher of Biology? If we were to address the issues
raiscd in the last paragraph of the previous scction.
would the "teacher of combined science" find difficulty
in changing from being a teacher of a branch of science?
The question certainly begs investigation.

Irrespective of what might have been surmised from the
reading of the article this far, the author (as a tcacher)
was not a science teacher. He was a teacher of
Mathematics. In that discipline, it never occurred to him
that he should teach Arithmetic exclusively ... or
Algebra exclusively ... or Geometry exclusively.
Neither did it occur to anybody that an integrated
syllabus in Mathematics was a softer option than say a
syllabus in one of the branches of Mathematics.

Such does not seem to be the case in the science ficld.
There is a general perception that "Science" or
"Integrated Science" is far easier than "Physics",
"Chemistry" or "Biology"? Why is it that a subset is scen
as casier than the whole?

[ do feel that these are a few issues that have to bc
resolved before we decide on which course to adopt in
the futurc. Obviously. there are many other issues to be
considered, which 1 have not touched upon here as |
know that other contributors are dwelling upon them in
their contributions to this forum.

At present, the Ministry of Education is undertaking a
review of the National Minimum Curriculum (3 to 16 year
olds), which exercise it has delegated to the Department of
Curriculum Development of which I am the Director. The
exercise is going to be based on widespread consultation and
will last up to March 1998 - to enable initial implementation
of the new curriculum to take place in September 1998. It is
the apposite time for stakeholders in Education to participate
in this general and radical rethink by proffering their
contribution and participation.
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Raising Questions: the Why? Who? What? & How? of Science.
Why Should Science be part of the School Curriculum?

Jan Harding
Gender in Science and Technology (GASAT).

Science 1s a human endeavour through which we try to
make sense of the world. It can be a source of wonder
and delight, it can provide the basis for a greater
personal sense of competency in a world increasingly
dominated by science and technology and can lcad to
more sccure and abundant living,.

Science is also used instrumentally. as a basis, together
with associated technology, for national (or corporate)
wealth and development. This can lead to “choice for
usc” and to an é€lite, academic science for “scientists’ and
a limited science for trades, with gender differentiation
based on cultural expectations of males and females.

Science can also be used exploitatively. A new
pre-university physics syllabus in Queensland. Australia.
starts with prcamble; 'Physics enables us to control the
world'. In this we find the WHY of physics based 1n the
greater power it affords to humans, to control and
manipulate materials and events. This can lead to
exploitation of the natural environment, the world
becomes less safe, the powerful live more plentifully but
the disadvantaged may suffer greater deprivation.

The WHY we have in mind when we design science
curricula and present them for learning will inevitably
influence the mind-set of our students, It is essential that
we think through and can justify, morally and ethically,
the WHY of science.

WHO should participate in science education?

If science is a human endeavour, and so part of our
cultural heritage, we have no right to exclude anyone, by
expectation or by curricular manipulation, from the
delights and the greater sense of competence that its
study can bring,

If science leads to skilled and relatively well-paid
employment, again we have no right to exclude anyone
by expectation or curricular manipulation.

WHEN should science education begin?

Science should have a secure place in the primary
curriculum. Exploratory science fosters and develops the
natural curiosity of the child. It contributes to the
development, not only of skills useful in the study of science,
but also of language in communication and mathematical
skills of classification, ordering and pattern-making,

WHEN should science education end?

In a democratic socicty, where the culture is dominated
by science and technology. it is essential that its citizens
feel competent to contribute to decision-making about
their uses. This requires facilities for adults constantly to
update thetr understanding of scicnce and technology. |
have been working in the UK with COPUS (the
Committee on the Public Understanding of Science) and
the National Federation of Women’s Institutes to break
down barriers that separate most women from science.
On September 10th, 1996 the new structure of Regional
Science Coordinators and County Federation Scicnce
Representatives for Women’s Institutes was launched at
the British Association’s Annual Meeting,.

So-called cognitive tests from many parts of the world
suggest that there is no built-in cognitive differcnce
between males and females. This means that if therc is
gender bias to the male in the recruitment of scientists,
science will be deprived of talent and a national economy
will suffer. Moreover, a gendered socicty maps differcnt
characteristics and experiences on to females and malcs.
The characteristics of nurturance and  social
responsibility ascribed to women will be largely absent
from the pursuit of science.

The WHO of science as a human endeavour nceds the
whole range of human resources for its development. and
requires the response *SCIENCE FOR ALL (from the
cradle to the grave!)’

WHAT should go into the science curriculum?

The content of a science curriculum in compulsory
schooling depends on the objectives accepted for science
education. [ firmly belicve these to be 4-fold:

1. to lay foundations across all the scienccs on
which life-long-learning may build;

2. to provide the challenging and rcwarding
experiences of exploring the natural and
manufactured world that will lead to personal
commitment to continued learning;

3. to develop skills, to expand and extend
knowledge:

4. to reflect on the nature of science and its social
implications.

The processes of practising science (such as observation.
interpretation of data, data analysis, the design and
evaluation of an investigation and how these vary from
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on¢ scicnce 1o another) should form an important
clement in the curriculum.

The question of the knowledge component in the
foundations laid in schooling has to be negotiated. There
i1s a tendency for the content of science curricula to
expand at an alarming rate as knowledge cxtends.
‘Pruning’ has to take place within an understanding that
what is prescnted is not exhaustive. To make sense of the
world around us needs foundations in not only physics,
chemistry and biology. but also earth science and
astronomy. Real problems presented to the scientist
know no subject boundaries. This leads me to support a
broad and balanced science course for all throughout
compulsory schooling. Later, the student may specialise
with higher education or a trade in mind.

The WHAT of Science should recognise the vital role
science plays in the world of today.

HOW should science be presented for learning?

To establish personal commitment to science it is
important to demonstrate its relevance to the student's
current interests and concerns.

The literature contains many accounts of successful
learning in science. [ will illustrate using examples from
primary, secondary and post sccondary education.

A 7 year old boy was 2 years behind in reading, but a
perceptive teacher noticed he gravitated to the science
table and played with batteries. wires and bulbs. On
questioning him. it emerged that the boy’s father worked as
a technician with an electricity company. The teacher began
to lace simple instruction cards by the equipment. It became
mmportant for the boy to read them. In 3 months he had
caught up on rcading and science was his favourite activity.

The students in a mixed secondary class werc required to
keep a science diary within an integrated science course.

This enabled the teacher to identify the topics of main
interest for cach student. Individuals became recognised
as “cxperts’ 1 their own topics. If a question arose in
class it was referred to the “expert’ who researched it
with support from the teacher. Girls as well as boys were
listened to with respect by their peers.

A Level 1 BTEC physical science course (roughly
equivalent to GCSE “O’ level) recruited young women
returning to education with little science background.
Eighty per cent dropped out of the traditionally taught
class. A newly-appointed woman head of department
rcorganised the course around modules, each entered
through a question relating to health care (e.g. Does it
matter how high the drip-feed bottle is placed?).
Responsibility was passed to the next intake of students
to seek answers using references to the same standard
textbooks used before. Collaborative and mutually
supportive learning was encouraged. No students failed
the module, although personal circumstances caused two
students to withdraw from the course.

The Salter’s Chemistry Course of the 1980’s which was
based on the everyday experiences (extended by the
media) of young teenagers, has had phenomenal success.
It has been followed by an A level course and a Saltcr’s
Science Course based on the English National
Curriculum.

In the early 1980s also, assisted by graduate student
tcachers. I developed a “Chemistry from Issues’ course
which started from issues where our use of materials
(chemicals) hit the headlines. It generated considerable
interest among local teachers in whose schools the
students trialled the modules. (A workshop on this
approach was presented later in the Forum).

The HOW of science will determine the level of personal
commitment generated. It should start from where the
student is.
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Science Education in Malta: Raising Questions

Frank Ventura

Department of Mathematics, Science & Technical Education,

Faculty of Education, University of Malta.

Introduction

The beginning of modern science teaching in Malta can
be traced back to the late 1950s and early 1960s. At that
time, Chemistry and Biology were added as separate
subjects to the secondary school curriculum, which
already included Physics; a government sixth form and a
university Junior College were established to teach
Advanced level sciences; and the university science
departments were given a new life with new curricula
and the recruitment of expatriate staff. Over a few years,
the increase in the number of students studying science.
and the building and equipment of school laboratories
was so remarkable that, in 1964, Prof. P.C. Lewis
cominented that ‘The progress has been such that it is
doubtful whether the word “expansion” is sufficient to
describe it - “explosion” would perhaps be better’
(Lewis, 1964). This spectacular progress was not, simply
a local phenomenon. It reflected the world-wide interest
in science at the beginning of the space age, which
sparked off science curriculum development in the USA
and in the UK, and which influenced all subsequent
science curricula elsewhere.

It would be interesting to examine the causes and the
conditions that stimulated that great interest in science
locally but this is not the proper place to do so. Reference
can be made to three historical studies that have already
outlined the growth of science education in Malta and
sought explanations for its vicissitudes over the years
(Sciberras, 1991, Farrugia, 1994; Pace, 1994). The
reason for referring back to the 1960s is because 1 believe
that the decisions which were taken at that time and the
curricula which were drawn up, still determine to a large
extent what science is taught nowadays in schools, and
how it is taught and assessed.

A Basis for Renewal

Many educators now believe that the time is ripe for a
thorough review of science education at all levels
(Project 2000 + Steering Committee, 1994). 1 believe
that five reasons form the basis for the call for
curriculum renewal. These hinge on relatively recent
developments in the following interrclated arcas of
knowledge and the change in social and economic
conditions:

() a better understanding of what is meant by science
and the process of scientific inquiry
Very briefly, the research by Popper and co-workers in

the philosophy of scicnce has shown that science is not
simply the carrying out of experiments to arrive at laws
or theories, Neither is it just experimentation to prove
hypotheses. Scientific inquiry is a much more complex
undertaking in which social interactions between
scientists play an important role in the construction of
scientific knowledge (Chalmers, 1982). Consequently it
has been realised that the ‘hands on’ approach of the
early curricula is not sufficient. It should be coupled with
a "minds on’ approach and a greater attention to the role
of social interactions between the individuals involved in
the scientific inquiry, and particularly to the discussion
of ideas.

(b) the development of a new learning theory that
explains how children learn scientific concepts and
which has implications for effective science teaching
Theoretical work on concept formation, knowledge
structures and learning generally along with extensive
empirical work on children’s ideas has led to what is
known as the theory of constructivism (Bodner, 1986).
This theory attempts to explain how children develop
their own ideas about physical and biological phenomena
which are often in conflict with accepted scientific ideas
(Driver et al., 1994). It also explains why children’s
ideas are resistant to change and provides insights into
more effective methods of teaching. In particular, it
emphasises active participation by students in discussing
their ideas, doing experiments together, interpreting the
results, and reflecting on how their thinking changed as
a consequence of learning.

(c) a greater awareness of environmental issues and the
world-wide commitment to link education to sustainable
development

During the UN Conference on Environment and
Development (the Earth Summit) held in Rio de Janeiro
in 1992, many nations including Malta committed
themselves to the idea that education should be
reoricnted towards sustainable development. In
particular, the conference document, which was
described as a blueprint for global action as we move
towards the 21Ist century and aptly entitled Agenda 21,
suggested that one of the objectives of education and training
should be the integration of environment and development
concepts in all educational programmes (Quarrie, 1992). It
seems to me that it is the duty of science curriculum
developers to address issues concerning environment and
development in the light of this global commitment.
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(d) the impact of information technology on learning
and teaching science

There is little doubt that information tcchnology
promiscs to become a valuable tool for scicnce tcaching
and that it has alrcady been used sporadically by
mnovative teachers for the retrieval and presentation of
information. analysis of the results of practical work, and
links with laboratory equipment. However. [ am not
aware of current science curricula that integrate IT in a
systematic way. 1 believe that the new curricula should
capitalisc on the immense potential of information
technology and other new technologics without letting
them deflect our attention from the main task. which 1s
that of teaching science.

(e) the local economic and industrial scene is different
Srom that of the 1950s and 1960s but science is still
regarded as a priority for economic progresys

In the 1950s. industrialisation was needed to avoid
dependency on expenditure by the military establishment
in Malta and employment with the Services. At that
time. science and technology were scen as a national
priority and a programme of modernisation of curricula
and the development of human and physical resources
were undertaken in earnest. The outlook today is
different as we enter a post-industrial age. However, in a
recent speech during an “information day’ on European
Commission programmes, the Prime Minister of the day
stated that “Our future welfare and economic solvency
depends on an expanded programme of industrial
development and services based on advanced science and
technology”. For this reason, the role of science and
technology had again been given priority on the
government’s national agenda coupled with the
conviction that “unless the country continues to invest
heavily in this sector, it will not only lose the momentum
it has established in a variety of economic and social
fields, but will undergo a systematic process of
deterioration, leading to economic dependence” (Fenech
Adanmi. E.. 1996; Malta Council for Science and
Technology, n.d.). It is important that the commitment to
improve science and technology in schools spans both
sides of parliament. New science curricula must
therefore consider carefully the implications of the
national economic aims, and science at all educational
levels must use wisely the promised resources.

And now for some questions.

Who should learn science?

Is it still important to insist that all students between the
ages of 5 and 18 should study science? This is not a
frivolous question because our answers, which will
influence the aims of science teaching to different age
groups, can easily be adopted as the objectives of our
curricula. Usually, the arguments, brought in support of
the claim that all students should study science, fall
under the following headings, which are expanded upon
in Table 1: the needs of the individual, the needs of
society, and the needs of the environment and future

generations. The arguments are not universally accepted
and they have been seriously questioned, for examplc, by
Chapman (1991) who holds that there is no evidence that
cducation is directly related to economic performance,
and cven if it is related nobody really knows what the
curriculum for cconomic prosperity in a post-industrial.
information-technology-based  society  should  be.
Furthermore. the survival of the planet depends on issues
that demand an education in economics, politics and
sociology rather than science and technology. Given
these counter arguments, it would be worthwhile to
spend some time to assess our arguments for compulsory
science in order to make them morc persuasive.

The main reasons concern:

—

. The needs of the individual

e scientific skills to develop powers of obscrvation.
analysis and evaluation

e scientific knowledge to improve his/her quality of life

e scientific literacy to participate meaningfully in the

workings of a modern society

[

. The needs of society
science cducation for the preparation of scientists,
engineers and technical personnel
o scientific literacy for decision-makers and the general
workforce

[

. The needs of the environment
knowledge of the scientific principles that regulate
the local and the global environment to understand
the need of sustainable development
o understanding of the social, economic and cultural
impact of science on society and consequently on the
environment, in order to take action to support
sustainable modes of living

Table 1. Why Teach Science to all?

Following the general question about science for all, one
can consider the priority of our objectives according to
the students’ age and ability. Thus, what priority, if any,
should be given to the needs of the individual, society,
and the environment in the case of students in the
different age groups: 5 to 11 years (Primary), 11+ to 16
years (Secondary), 16+ to 18+ years (Post-Secondary)?
More importantly, for the 11+ to 16 year group
(Secondary), should we differentiate between students
who would like to follow a science-oriented career later
in life and others who do not? In other words, should we
ask students to select an option at the end of Form 2 or
Form 3 and then provide an intensive science course for
those who opt for a science-oriented track and a less
intensive one for the others who opt for a different track?
I know that many educators argue against the choice of
options when the students are only 13 or 14 years old
and favour a choice at age 16 (Sammut, 1996;
Darmanin, 1996; Consultative Committee on Education,
1995). The removal of that choice would constitute a
radical change in the secondary school curriculum and
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wc have to consider all its implications before a decision
is taken onc way or another.

What science should we teach?

A decision to teach science to all students of all ages
leads to two questions, at least. What science would be
suitable for each stage of education? What proportion of
teaching time should be devoted to science in the case of
cach group: primary, secondary and post-secondary?

The selection of content depends to a large extent on our
objectives. [t also depends on whether the content is
presented as separate chunks of science (an atomistic
approach) or as an integrated whole (an organic
approach) or as a mixture of both. Whichever approach
we take. modern science curricula are bound to be more
complex than earlier ones because they must take into
consideration several dimensions, three of which are
shown in Figure 1. One dimension rcfers to alternative
ways of presenting science, starting from separate
sciences, where scientific knowledge is considered as
consisting of self-contained packages of knowledge
labelled ‘biology’, ‘chemistry’, ‘physics’ and so on
without overlap between them. At the other end, science
is seen as an integrated body of knowledge with little
distinction between the traditional sciences. Another
dimension ranges from emphasis exclusively on content
(facts, concepts, principles, laws and theories) to
exclusive emphasis on scientific processes (dbservation,
experimentation, interpretation, communication,
problem-solving and related processes). A  third
dimension refers to the cognitive - affective axis.
Curricula with an emphasis on cognitive skills give
priority to developing skills in recall, understanding,
analysis, synthesis and evaluation. Other curricula
promote affective objectives, such as interest, enjoyment,
curiosity, responsibility, sharing, tolerance of other
people’s ideas, honesty, trust and other attitudes and
values.

Issues concerning gender should also enter the
discussion of the selection of content and the way it is
presented as this can attract more females to science at
post-secondary level and beyond (Ventura, 1992; Cauchi,
1996). Similarly, we should decide whether the history of
science should feature in the curriculum. And if so, we
ought to decide how, for whom and to what extent.

A related 1ssue is the general concern among many science
educators about the extensive syllabi which compel teachers
to force-feed their students with masses of notes. A reduction
of content would allow time for more educationally sound
methods of teaching. However, what are the implications of
reducing content for subsequent stages of school education
and for university courses?

How should we teach science?

The developments in learning theory mentioned earlier
allow us to arrive at a number of principles that can

Separation of

Sciences
4 Affective

¢'/

Content Process

Cognitive

v

Integration of
Sciences

@ = Current science curricula at Form 3, 4 and 5 level

Figure 1. Dimensions of Science Content.

inform us about effective teaching. A very useful concise
statement of these principles s found in Science for All
Americans: Project 2061, a publication of the American
Association for the Advancement of Science (1990)
which presents recommendations for science curriculum
development.

. Learning is not necessarily an outcome of teaching

2. What students learn is influenced by their existing
ideas

3. Progression in learning is usually from the concrete
to the abstract

4. People learn to do well what they practice doing
5. Effective learning by students requires feedback
6. Expectations affect learning

(Adapted from AAAS(1990) Science for All Americans: Project
2061)

Table 2. Principles of Learning.

These principles (listed in Table 2 and Table 3) arc
based on the understanding that students should
participate fully in all lessons by carrying out practical
activities and discussing their ideas freely, It is in this
respect that we have to consider the role of language and
whether we should establish a language policy for
science teaching. Any decision to teach science wholly in
English or in Maltese or in a mixture of both has
implications for textbooks and assessment, and it is
bound to have repercussions on the attainment of
students of different abilities and their preparation for
studying science at higher levels. Of course, the
availability of resources and technical support is another
pre-requisite for effective science teaching.
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—

Teaching should be consis ent with the nature of
scientific inquiry

Start with questions about Naturc

Engage students actively

Concentrate on the collection and usc of cvidence
Provide historical perspectives

Insist on clecar expression

Use a team approach

Do not separate knowing from finding out
Dc-emphasise  the memorisation of
vocabulary

® 6 6 6 4 o O o

technical

Science teaching should reflect scientific values
Welcome curiosity

Reward creativity

Encouragc a spirit of healthy questioning

Avoid dogmatism

Promote acsthetic responses

o 0 0 o o

Teaching should counteract learning anxieties
Build on success

Provide abundant experience in using tools

Support the roles of women and minoritics in science
Emphasisc group learning

* o o o W

4. Science teaching should extend beyond the school

5. Teaching should take its time
(Adapted from AAAS(1990) Science for All Americans: Project
2061

Table 3. Effective Science Teaching.

How should we prepare science teachers?

Science teacher education courses in Europe adopt cither
the scquential approach by which prospective teachers
first obtain a science degrec and then proceed for a
course In tcaching mecthods, or a parallel approach by
which they follow science and education courses
contemporancously (de Vries, 1994). Allow me to say
that in Malta we make little miracles because we offer
both approaches at the same time in the same Faculty
with the same members of staff. This puts us in the
advantagcous position of knowing the strengths and
weaknesses of both approaches, as well as the
academic and administrative advantages and
disadvantages of both. Over the years we have
adapted to the changes occurring in the university
and it scems that we are at a point where we need to
reconsider the structure of the BEd(Hons) course for
science teachers as the Faculty of Science has added
an extra year to its undergraduate course, which now
runs over four years and leads to a BSc(Hons) degree.
The main question that arises is ‘What is the proper
balance between content and methodology for
prospective science teachers?’

Continuing science teacher education is an equally
important issue. The Education Division runs in-service
courses for teachers in Jjuly and September for which
sometimes staff of the Faculty of Education are invited to

address tcachers. While these compulsory courses have
their merits. we should ask what alternative attractive
and effective methods of continuing education can be
offered and what opportunities can be devised so that
praclising teachers arc motivated to upgrade their
qualifications in science and their professional
knowledge of scicnce teaching.

How do we evaluate our science education?

Up to some years ago. our students’ performance in the
GCE O- and A-level examinations of foreign
examination boards could have been taken as a rough
measurc of the standard of our science teaching. The
standards of performance that the students nceded for a
pass were set externally and presumably independently
of our education system. This is no longer the case as the
standards for achieving passing grades in the Secondary
Education  Certificatc  (SEC) and Matriculation
Ccrtificate cxaminations are set locally with the
consequence that the general public is less likely to
accept the students’ performance in examinations as a
reliable indicator that the levels reached in science are
comparable to those of other countries. This situation
raiscs two questions concerning internal and external
standards. Firstly, how are we going to ensure that the
quality of science teaching is kept high? Secondly, what
measure can we use 1o compare our standards with those
of other countries? The answer to the first question
depends on our willingness to establish criteria for
good science teaching and form a team of evaluators
to assess and advise about current practice. An
answer to the second question is that we can
participate in the international surveys carried out
periodically by the reputable International Evaluation
Association (IEA). These- surveys, when carried out
according to accepted international criteria, can
provide a reliable measure of standards of
achievement in science (as well as in mathematics
and other subjects) of students of various age groups
(Comber and Keeves, 1973: IEA, 1988 Rosier and
Keeves, 1991).

Conclusion

In conclusion, reasons have been presented for the
rencwal of school science curricula. Rather than
accepting past responses to the challenges of curriculum
development concerning aims, content, teaching
methods. and cvaluation, a number of questions are
asked in order to stimulate a debate about some
important issues that have to be settled before new
curricula are proposed. Past experience, locally and
abroad, has shown that changes in the curriculum are
unlikely to succeed if teachers’ views are disregarded.
The forum for science teachers was an excellent
opportunity to make the teachers’ views known and to
start off the debate. Of course, one cannot expect to
arrive at a consensus during the three days of the
forum but the large attendance augured well. A
proper follow-up with wider participation is even
more important.



Ventura F.

19

References

American Association for the Advancement of Science
(1990) Science for All Americans. Project 2016
(rev. ed. 1994). Oxford University Press, New York
and Oxford.

Bodner GM (1986) Constructivism: A theory of
knowledge. Journal of Chemical Education, 63,
873-878.

Chalmers AF (1982) What is this thing called science?
(2nd ed.). Open University Press, Milton Keynes.
UK.

Chapman B (1991) The oversclling of science education in
the 1980s. School Science Review., 72, 47-63.

Cauchi MN (1996) Science and Medical Education in
Malta (mimeo) Dept. of Pathology, Medical School,

Malta.
Consultative ~ Committee on  Education  (1995)
Tomorrow's  Schools.  Developing  Effective

Learning Cultures. Ministry of Education. Malta.

Comber L.C and Keeves JP (1973) Science Education in
Nineteen Countries: An Impirical Study. Almquist
& Wiksell, Stockholm / John Wiley, New York,
USA.

Darmanin M (1996) Closing Options, Opening
Opportunities. In: Secondary Education in Malta:
Challenges and Opportunities (Ed F Ventura).
Malta Union of Teachers, Malta.

Driver R, Squires A, Rushworth P and Wood-Robinson
V (1994) Making Sense of Secondary Science:
Research into Children's Ideas. Routledge, London
and New York.

Farrugia E (1994) The Teaching of Biology in Malta.
Unpublished B.Ed.(Hons.) dissertation, Faculty of
Education, University of Malta, x + 123 pp.

Fenech-Adami E (1996) Science and technology on the

national agenda. The Malta [ndependent (25
August 1996), Malta.
International Evaluation Association (IEA) (1988)

Science Achievement in  Seventeen Countries.

Pergamon Press. Oxford. UK.

Lewis PC (1964) Science Education and the Royal
University of Malta. Malta Year Book 1964. St
Michael’s Collcge Publications. Malia, pp. 165-
171.

Malta Council for Science and Technology (n.d.) 4
Science and Technology Policy Document. MCST.
Malta.

Pace R (1994) The Teaching of Chemistry in Malta.
Unpublished B.Ed.(Hons.) dissertation, Faculty of
Education. University of Malta. xvi + 177 pp.

Project 2000+ Stecring Committee (1994) The Project
2000+ Declaration: The Way [forward. UNESCO,
Paris, France.

Quarrie J (1992) The Earth Summit 1992 The United
Nations  Conference on  Environment  and
Development. The Regency Press Corporation,
London, UK.

Rosier MJ and Keeves JP (1991) The [EA Study of
Science:  Science FEducation and Curricula in
Twenty-three Countries. Pergamon Press. Oxford.
UK.

Sammut JM (1996) Subject Choices and Career
Aspirations. In: Secondary Education in Malta:
Challenges and Opportunities (Ed F Ventura).
Malta Union of Teachers, Malta.

Sciberras PA (1991) The Development of Science Teaching
in Government Secondary Schools in Malta since
1946, Unpublished B.Ed.(Hons.) dissertation, Facuity
of Education, University of Malta. ix + 110 pp.

Ventura F (1992) Gender. science choice and
achievement: a Maltese perspective. International
Journal of Science Education. 14. 445-461.

de Vries MJ (1994) Science and Technology Teacher
Training: What Training for What Type of
Teaching? Report of the Symposium held in Paris
(France) 30 March-1 April. 1994. Council for
Cultural  Co-operation. Council of Europe,
Strasbourg, France.



20

Xjenza 1996; 1:2 20-22

Proceedings

Getting Science Out of its Masculine Strait Jacket

Jan Harding
Gender in Science and Technology (GASAT).

Summary. School science becomes masculinised through: the predominance of males working in science; the way
science is “packaged” for teaching and learning; classroom interactions which reinforce stereolyped expectalions
and the way science itself is conceived and practised. Each of these aspects is expanded in this paper and suggestions
made which may couteract masculinising effects and enable girls and women more comfortably to pursue careers in
science. These involve taking steps to make women scientists visible, to teach science in a social context and to
encourage problem solving, collaborative working and discussion,

Keywords: science, social-context, person-orientation, gender-stereotyping, strait-jacket.

What does it mean to say science is in a strait-jacket? A
strait-jacket implies confinement and loss of freedom. To
label it masculine implies that confinement arises from
science taking on masculine characteristics. What
evidencc 1s there that science is in a masculine
strait-jacket and what can we do to extract it?

As a result of a major four year action research project in
England (the GIST project: Girls into Science and
Technology). Kelly (1985) argued that secondary school
science becomes masculinised in four chief ways:

o Numbers

The scientists students meet. in texts. media, in person
and among teachers are usually men;

o Packaging

Examples used in text-books or by the teacher, are more
usually drawn from activities that boys, rather than girls,
engage in;

¢ Interactions

In a co-cducational class, boys claim laboratories and
workshops as their territory;

Students and teachers reinforce gender-stereotyped
behaviour;

o The Nature of Science

The way science is practised: its principles, concepts and
methodology are biased toward the male.

Let us look in more detail at each of these, for each
contributes to the confining of science within a
masculine framework.

The Predominance of Men

The position today, where there are many more men than
women  scientists, is a  product of  past
gender-stereotyping, which first deliberately excluded
women and later failed to remove obstacles to women,
such as gendered expectations of the appropriate roles
for men and women in the world.

But there are women working as scientists at all levels.
Wc neced to make them more visible. Text-book
publishers should ensure that men and women are

equally presented doing serious science, with as many
women as men identified in leadership positions and as
many men as women in support situations, such as
technician or secretarial/administrative roles. All careers
information  should show females and males
participating in each occupation featured.

The GIST Project invited women scientists and
technicians into the project schools to teach pieces of
science related to the work they were doing. But they
found that uniess attention was drawn especially to the
fact that they were women, many of thc students,
particularly boys, did not remember the presenter was a
woman. In another project in Wales, a woman airling
pilot and a woman chief steward were both remembered
by girls as air hostesses! Such is the strength of
stereotypes. To change them, we need both to make
women scientist/technologists visible and continue to
refer to them in these roles.

Packaging

An analysis of text-books, especially in the physical
sciences, show that while illustrations feature morc
males, in many, few people are included. Collings and
Smithers (1984) showed that boys have significantly
lower person-orientation than do girls, and the student
scientists of each gender score less on a
person-orientation scale than those choosing arts
subjects. By presenting science in an impersonal way we
may be attracting into it young people, mostly males,
who have little concern for people.

The situations or technologies used to explain topics in
science more often reflect the way boys arc connected to
the world (e.g. football, machinery, ballistics etc.). While

‘boys and girls do express different interests there are

aspects of science that both genders would like to know
more about (Whyte, 1986; Lic and Bryhni, 1983). These
common aspects may vary between cultures. Surveys
need to be carried out in Malta to discover components
of these common interests.
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On the other hand. the problem may lic in the
motivational or entry point. In the UK, electronics 1s one
of the lcast popular subjects with girls. We were
surprised, therefore, when we investigated young
people’s entries to a National Design Prize Competition.
to find a majority of girls and boys who entered were
using microprocessors in some form of control
technology situation. But the gender difference emerged
in the way they defined the problem they had worked on.
For the boys, the problem was a technical one, they were
improving a device; the girls, however, saw a social
problem (helping a young child to learn or a disabled
person to be more independent). Once the girls
recognised that clectronics could help them solve this
problem they had no difficulty working with it (Grant
and Harding, 1987).

A pre-university course in Victoria. Australia. requircs
physics to be learned ‘in context’. The structure of the
atom can be investigated either through the debate over
nuclear energy or through the atomic bomb. If students
choose the latter, the bricf runs like this: ‘yow are asked
by a group of non-science students, who plan 1o visit

Hiroshima, to fill them in on the development and use of

the atomic bomb’. The physics content of this course is
traditional but, in the first two years of its use (1992/93)
students have shown a substantial increase in A grades
gained. This is particularly marked for females
(Hildebrand, 1996). By relating science to people’s needs
and placing it in a social context we can remove many of
the masculine constraints on science.

The dominant behaviour of boys and the need to
breakdown stereotypes

The effect of the behaviour of boys on girls’ learning in
science classrooms is irrelevant in the single sex
environment of Maltese secondary schools, but
stereotyped expectations of both girls and boys may
operate in these settings. I understand that different
curricula are available for girls and boys in the ‘area
secondary’ and trade schools (Darmanin, 1992),
although all curricular areas are theoretically open to
both sexes. In common with other national governments,
Malta has signed the ‘Platform for Action’ agreed at the
1995 UN Fourth World Conference on Women. This
places special emphasis on widening girls technical and
vocational education and on educating boys in
home-crafts.

Early stereotyped experiences may strongly influence
relative achievement of girls and boys in a number of
topics of the science curriculum (Harding, 1996; Johnson
and Murphy, 1986). Electricity is one such topic - and
was chosen, for this reason, by Parker and Rennie
(1985), in an action research project in Western
Australia, which addressed three issues with grade 5
teachers: the development of skills and attitudes relating
to the teaching of electricity; the development of positive
teachers’ attitudes towards the participation of girls in
the physical sciences; and the development of skills in

creating and maintaining a non-sexist learning
cnvironment. This project enabled ten-year-old girls to
achieve parity with boys in the assessment of work in
clectricity.

In the co-educational context of Maltesc primary schools
also. teachers nced to dcvelop skills to create and
maintain a non-sexist learning environment. cspecially
when presenting science topics for learning,

The ‘ideology’ of science and implications for science
education

A common perception of science is that it consists of a
sct of immutable laws which are generalised and
abstracted from contexts. Too often science education
consists of the presentation of these laws for practical
demonstration and their use to solve paper-problems.
Objectivity 15 assumed to require separation of the
observer or experimenter from thc object or system
investigated. Emotions have no place in the pursuit of
science.

The effect of these perceptions on recruitment to science
was Investigated by Head (1980. 1985). He reviewed
studies of the personality of practicing scientists (all
male) carried out since the Second World War. He found
that scientists emerged as more authoritarian, more
cmotionally reticent. more imbued with the Puritan work
cthic and less person-orientated than their male peers.
His investigations of teenagers found that the boy
scientists were among the least mature of their age
group. whereas the girls choosing science, though fewer
in number, were among the most mature. He argued that
a girl had to have a certain maturity to make what was
then an unconventional choice, whereas science.
presented as law-bound. unemotional and reliable could
provide the less mature boy with the certainty that spelt
security.

How does this selective recruitment affect the
practice of science?

Both Keller (1985) and Harding (1986) argue that the
differential nurturing of males and females develops
different psychological. emotional and cognitive needs
(1f not abilities). Keller sees the male’s greater need to
dominate and control has led to the dominance of the
master moleccule concept in biochemistry and genetics.
This, she argues was a factor in the delayed recognition
of the work of Nobel Prize-winner, Barbara McClintock.
For McClintock, the most important principle was
variation and difference, not gencralisation and
abstraction. Neither did she strive to distance herself
from the systems she studied. She felt she was down in
the cells with the chromosomes. She had “a feeling for
the organism’ and would say ‘Let the material tell you
what to do’. In this way she was able to observe the
transposition of genetic material between chromosomes
when ideologically it could not happen.

Keller argues that the history of science demonstrates that
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science has been pursued, and knowledge generated, in
many different ways. By allowing science of the
‘Enlightenment’ to become the dominant way, with its
strongly masculine overtones. science 1s constrained in a
strait-jacket.

Could science be different if more -women were
involved? It is difficult to say. as most women who
remain in scierice have adapted to the system. But if we
modify the way we teach science we may enable more
women, and males with different psychological and
cognitive needs to pursue It.

Removing the strait-jacket

The following factors have been found to associate with
girls’ greater enjoyment and success in science:

e the placing of science in the social context;

e the avoidance of vocabulary, technical terms and
meanings that derive from a peculiarly shared masculine
experience:

¢ the integration of their experience of the world into
the learning process;

o the use of a framework that allows them to recognise
complexity and ambiguity:

e the opportunity to reflect, work collaboratively (and
therefore discuss) and to define a problem in their own
terms;

¢ the expectation that they will participate and achieve
success.

Ventura (1992) reported that Maltese girls were less
successful in “O’ level physics than were boys and that
Form 4 girls performed badly across all sciences in
secondary schools. Perhaps the masculine strait-jacket is
operating and presentation of the sciences at this level
does not take the above factors into consideration.
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Adolescent Girls’ Views On Science: A Maltese Study

Deborah Chetcuti
Department of Education, University of Malta, Msida.

Summary. This study was carried out in Malta in an area secondary school for girls. It is an ethnographic
investigation of the adolescent schoolgir! culture from the girls' own perspective. The paper focuses on the girls' ideas
and opinions on science, what they think about science, why they think science is more appropriate for boys than for

girls, and what interests them in science.

Keywords: adolescent girls, science interests.

Introduction

Girls view science, particularly physical science as
masculine (Klein, 1989). Despite the fact that girls view
science as predominantly -masculine, they are still
interested in and want to learn more about science. The
problem exists not in trying to find out why girls and
boys have different science interests or how to make
what is considered to be “masculine” science more

appealing to girls but rather to identify what in science
interests girls and to build on these interests. As Whyte
(1988) states “women have a particular contribution to»
make to science by virtue of their being women”.

Girls are more interested in the biological sciences than
in the physical sciences. They are interested in subject
matter related to health, nutrition and the human body
especially when the subject matter is placed in a context
related to daily life or to society. Girls are also excited by
science lessons which emphasise practical 'hands-on'
experiences (Peltz, 1990).

As a result of my early experience of teaching girls, aged
eleven to thirteen, in an area secondary school in Malta,
1 was interested to learn which topics in science the girls
wanted to cover and what they themselves really wanted
to learn. The main purpose of this study was, therefore,
to explore the students' own views, ideas and opinions
about the way in which they were learning science.

Methodology

In this study, the students were allowed to express their
own ideas and opinions, in line with what Davies (1982)
stated: “children have been written about from many
perspectives, and for a multitude of purposes but rarely
have they been asked to speak for themselves”. This
study was therefore intended to “lay stress on the study
of everyday life and on the actors' own interpretations
and definitions of the situation” (Delamont, 1978), and
thus an ethnographic style of research was selected.

The study was carried out in the school where 1 had

previously taught. As in Pollard (1985), I decided that “]
could positively use the shared experience and rapport
which | had built up previously to the advantage of the
research”. The five students enrolled for this study all
came from working class families and were described by
the headmistress as “students who do not shine in their
work”. Starting in September, 1 met these girls for about
an hour every day. The meetings were in the form of
informal group interviews, We would sit around one of
the laboratory benches and talk, and 1 would interject at
intervals with open-ended questions. Throughout the
interviews a relationship of trust and understanding was
established with the students. Within the ‘we-
relationship’ (Davies, 1982) which was developed, the
students actively sought to help me see things their way.
They felt that they could be open with me and for them,
... You were like a friend to us.... more than a friend. ...
you were like a sister not like a teacher...”.

All the conversations with the girls were recorded and
later transcribed. In the process of transcribing, some
patterns started to emerge. The transcripts were divided
according to the themes which were emerging, for
example, a section relating to science interest, one to
teachers, the school and so on. Following through each
section until a clear picture of what was happening
started to emerge, in turn resulted in a narrative of what
the girls had told me. A prepared plan of action and
preconceived ideas initially formulated changed as the
relationship with the students developed, and
consequently the way in which the data was interpreted.

Girls' Views About Science

When the students were asked to write down the first
thing that came to their mind when they heard the word
science, the following words emerged: animals,
chemicals, personal care of body, growing up, nature,
feeding of animals, what things are, environment,
laboratory, experiments, our life, medicine, how things
in the world work, discovery about things, our body,
what things have inside. These descriptions only relate to
the biological and chemical aspects of science. There was
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Why Physics Seems to Be Beyond Some Students’ Grasp

Susan Gatt
Faculty of Education, University of Malta, Msida.

It is quite common for many students to complain about
having to study physics. Some clearly state that it is not a
subject of their interest. and even more find
understanding physics to be bevond their capability.

The rate of failure in the subject is quite high. As can be
seen from the results in the SEC physics 1996 May
session, about half the students (47%) did not get the
required pass mark to procecd with their studies. In
addition, most of the grades were in the 4-5 region,
showing that performance was not of a high standard
(Table 1).

Grade No. of Candidates % candidates
passing passing
1 55 2
2 82 3
3 136 5
4 652 25
5 483 28
6 454 27
7 240 9
U 543 21
Table 1. Grades obtained in SEC Physics exam in May 1996

Session (MATSEC. 1996) No. of Candidates: 2645; No. of
candidates opting for paper 2A: 1097; No. of candidates opting for
paper 2B: 1548.

What is it that seems to hinder students’ performance in
physics? Science educators, teachers and politicians have
always shown concern for the problem with physics, and
a number of possible reasons have been put forward. The
major arguments involve the difficulty in understanding
concepts in the subject, teachers’ professionalism and
pupils’ ability.

¢ the nature of knowledge of physics: The
knowledge of physics tends to be objective,
involving considering mechanisms and physical
phenomena around us. However useful these things
may be to the commodity of our everyday life, they
do not seem to be of such great interest to young
teenagers, especially girls who tend to be more
interested in the social rather than the physical
aspect of our society (Head, 1980, 1985). On the
other hand, boys seem to be enthusiastic initially but
interest wanes at the end of secondary education.

¢ the level of concepts inveolved: Many of the

concepts involved in physics are abstract in nature
and not easy to understand. Relationships often
involve more than two variables and some ideas
cannot be visualised. Concepts like density and
acceleration involve a combination of three
variables, while magnetic fields and field lines are
difficult for students to conceive.

e teachers’ professionalism: One may easily blame
teachers for poor teaching ability as one major cause
of the problem. While this argument may hold in
some cases, it may be possible that even with the
best teachers the problem lies with the students.
There must, therefore, be other factors involved.

¢ students’ ability: Likewise, the understanding and
absorption of the concepts covered is cften attributed
to the students’ mental ability. Teachers very often
witness students trying to make sense of physics
with no success. If so, what level and what type of
mental ability is required, and what can we do to
help students?

The main argument of this article concerns the demand
of concepts found in physics and whether Maltese
students in secondary schools have the required mental
ability to grasp such concepts.

Cognitive development in adolescents

Most of the major work in cognitive development was
carried out by the famous psychologist Jean Piaget, who
developed the levels of cognitive development through
which students evolve during their childhood (Inhelder
and Piaget; 1958). The main levels of development of
interest at secondary level are the concrete operational
and formal operational stage.

Concrete Operational Stage

At this stage, thought is very much tied up with concrete
situations. Unless the pupils have the apparatus in front
of them, or a diagrammatic representation of the
situation, they will not be able to formulate thoughts
about it. In addition, at this level, children cannot
consider more than two variables at one time. So, as
Inhelder and Piaget (1958) first reported and Shayer and
Adey (1981) later described, students considering the
reason why some objects float and others sink, may
reason in terms of whether an object is light or heavy,
rather than use the concept of density.
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Formal Operational stage: At this level thought is
considered to be hypotheticodeductive. This means that
thought does not need a concrete situation to occur. but
rather the other way round. A developed formal operator. or
abstract thinker, will be capable of, not only to think out an
idea, but also to consider all the variables (more than two)
and devise a fair test to test out his/her hypothesis. In the
same example cited by Shayer and Adey (1981), students
will now be able to consider the combination of mass with
volume in density and to be able to devise an experiment,
controlling the variables, to test it out.

It is important to point out that the model is
developmental in that students have to go through the

concrete operational stage before reaching formal
operational thought. In addition, it is a slow process, and
development occurs gradually.

The Physics Syllabus

One need not have a background in psychology to realise
the curriculum demand of the subject. At this stage one
may pose the question of how cognitively demanding can
physics actually be? What is the minimum cognitive
level of development required to be able to understand
the basic concepts? The various sections of the physics
SEC syllabus are considered and their average level of
demand noted. Table 2 lists the minimum cognitive level
necessary to just follow the course as compared to that

Minimum level of cognitive development

Maximum level of cognitive

light as part of electromagnetic spectrum.

Topic required to follow development required to fully
understand
3A 3B
Structure of Matter & Abstract model used to explain behaviour of Understanding of gas laws -
Kinetic Theory gases imanipulation of pressure, volume &
gas expands due to greater vibration. temperature.
2B 3B
Heat can only be partly converted
Energy Work as using energy into useful energy.
Energy has many sources. Different energy needed to stop cars
of different velocity.
3A 3B
Waves Equation v=fA known as an algorithm Understanding difference between

longitudinal & transverse waves.
Relating velocity to wavelength &
frequency.

Charge & Current

2A
Bulbs light when connected to batteries
Bright bulb has more energy than dim bulb.

3B
Meaning of potential as work done
in transfer of energy between two

Same force acts more over a small arca than
a large one.

Electrici .
v points.
2A 3A
Pressure Force = Pressure. Can understand that pressure in

liquids depends on height, not on
cross-sectional area.

Linear Motion

2A
Intuitive notion of speed.
Speed & position of departure not
differentiated.

3A
Acceleration qualitatively
understood as rate of change of
velocity.

Magnetism & Electro-

2B
Can understand that like poles repel, unlike

3B
Understand nature of fields ; effect

magnetism poles attract. of motion & current in magnetic
field, motor, generator.
2B 3A
Optics Light travels in straight lines Can use lens laws (ray diagrams)
Angle of incidence = Angle of reflection. but as algorithms.
3A 3B
Electronics Gates : known as algorithms.

Understand the use of gates in
practice ; alarms etc.

Table 2. Minimum and Maximum levels of cognitive development required to follow Physics SEC course. (adapted from Shayer &
Adey,1981) (2A - Early Concrete operational; 3A - Early formal operational; 2B - Late concrete operational, 3B - Late formal operational)
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necessary for fully understanding physical ideas and their
implications. If one would like students to understand
physics, formal operational thought 1s required in most
cases. as 1s indicated in Table 2. Physics includes many
concepts which are abstract in nature. Often mental models
arc used 1o cxplain phenomena. A topic like kinetic
theory involves the use of a mental model to represent
particulate structure and is all abstract in nature. No wonder
it is onc of those topics many students fail to grasp. Other
mstances of abstract notions like magnetic fields, electric
charge, cuiting of flux etc.. form the basis of physics
throughout, and unless students have the mental ability to
mampulate such ideas, their level of understanding will be
limited to simple one way relationships and mechanical
manipulations of formulas. Students may still manage to get
through the SEC exam but a very limited insight would have
been achieved.

This leads to the question of whether Mallese secondary
school students have developed a basic level of abstract
thinking to understand physics and if not, is it one of the
reasons for their difficulty with the subject? Several pilot
studies have been carried out (Andrews, 1979; Attard, 1989,
Busuttil, 1981), but although similar trends have been
obtained in the UK, all three studies seem to indicate that
Maltese students lag behind in development. However, the
samples considered each time were small and non-
representative, and have to be interpreted with caution. The
results of the research considered here include a greater
student population and thus may give a clearer picture of the
situation in general,

The sample used for this study consisted of 814 Form IV
students from Junior Lyceum schools, of whom 458 were
girls and 356 were boys. The test used was the Science
Reasoning Task, the pendulum having an internal
consistency 0.83 (Shayer and Adey; 1981). The instrument
was devised and tested by Shayer and Adey (1979) and used
in a study involving about twenty five thousand students in
the UK The pendulum task was chosen as it differentiates
between late concrete and formal operators, and was
therefore suitable for our sample. The test consisted of
twelve items, was held in class, and involved a class
demonstration using the apparatus. Each question was
explained and the students wrote their answers on the
questionnaires. Care was taken to explain the questions in
Maltese to avoid language difficulties. Table 3 below
outlines the results obtained.

Level of Development % Students at Form
vV
2B : Concrete 31.3
2B* . Mature Concreie 473
3A : Early Formal 19.8
3B : Mature Formal 1.6

Table 3. Level of Cognitive Development in Form Four Junior
Lyceum Students.

As one can easily note from Table 3. only about 20% of
Form [V students achieved some form of abstract
thinking. The rest of the students were still at an earlier
stage of development. Taking Junior Lyceum students to
represcnt the top 55% of the student population for that
vear, the results obtained show that Maltese students are
at a similar level of development to that of students in
the UK (Shayer and Adey, 1981). This result differs from
other small studies mentioned above, and is believed to
be more indicative. However, one must not forget at this
stage that only Junior Lyceum students werc tested, and
that a significant percentage of students attend private,
church or area secondary schools. The sample considered
1s, therefore, probably not representative of the whole top
55% of the student population in that year.

Another implication of the findings. relevant to thc
argument in question, is that less than a quarter of
students in Form IV have developed abstract thinking
and that the conceptual demand of many topics in
physics is beyond the mental ability of our students. A
more interesting result (ranspires when level of
development is considered across gender. As Table 4
below shows, girls in Government Junior Lyceum
schools are at a higher level of cognitive development
than boys of the same age.

Level of Boys (%) Girls(%o)
Development
Concrete 36.2 27.5
Late Concrete 47.5 472
Early Formal 14.9 23.6
Formal 1.4 1.7
Total 100 100

Table 4. Level of Cognitive Development in Form IV Students
across Gender. xz- 12.6; p < 0.005-

One must note here that the population of boys in
government schools is less than that of girls, and since a
significant proportion of the total Form IV students go to
church or private schools, one cannot extrapolate these
results to the whole population. What can be said is that
girls in Junior Lyceum schools are at a more advanced
level of development than boys in Junior Lyceum. T-test
analysis carried out on the actual scores showed that the
means for boys and girls were 6.11 and 6.31 respectively,
and found to be statistically significant (p < 0.001). If the
subject matter seems to be too demanding for the
students, does it lead to the conclusion that the
curriculum needs to be changed to fit the students’
ability? The question of matching has been debated in
the UK in the ‘80’s and the general consensus that has
emerged is to stick to what we have.

Another possibility, to tackle this mismatch, is maybe to
help students develop abstract thinking so that more
students would be able to grasp the concepts.
Researchers from King’s College, London claim to have
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managed to achieve this throughout a programme known
as Cognitive Acceteration through Science Education
(CASE) (Adey. 1992). Would the implementation of this
programme solve all our problems?

It would be wiser to look at the ways and methods
included in such projects and to learn about the
approaches and methodology employed. However, two
main points need to be considered. the first involves
what level of subject matter needs to be taught, and the
second is how this subject matter is going to be taught.

Following Vygotsky’s (1978) idea of zone of proximal
development, subject demand should be just beyond the
students’ present level of development. According to
Piagetian theory, a student at a concrete level of
development will never be able to grasp concepts
requiring abstract thinking, however hard she/he tries.
This line of thought would negate all possibility for
teaching physics successfully at secondary level
Vygotsky’s argument, however, runs differently.
According to Vygotsky, there is a difference between what
the student is able to do on his’her own, and what she/he can
do with the help of a teacher, or a mediator. The
difference between these two levels is known as the zone
of proximal development, and teaching should be
pitched at this level. The implication is that if at the age
of 13-15 students fall mainly at the late goncrete
operational stage, then teaching should be at the early
formal level. So. physics can, and should, be taught to
students at secondary level.

Learning and development are not two separate things

and one cannot wait for development to expect learning,
On the contrary, lcarning and development go hand in hand.
As students learn, development occurs., promoting further
lcarning, Teaching science is not solely the vehicle to
promote scientific knowledge. but is also a powerful tool to
help adolescents undergo cognitive development.
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Learning Journeys in Science for Primary Teachers: A Case Study from
the Centre For Science Education: Open University, United Kingdom,
‘Primary Teachers Learning Science’

Susan Tresman
Centre for Science Education, Open University.

Summary. The introduction of the National Curriculum in Science in England and Wales has resulted in a series of
new professional demands being made on primary teachers to manage and deliver the science curriculum when they
Jrequently have limited knowledge, confidence and expericnce of the subject. This has led to significant changes in
the emphasis and content of courses which offer opportunitics for professional development in learning and teaching
primary science. A collaborative initiative between the Centre for Science Education (CSE) at the Open University
(OU) and the BBC Education has developed a range of materials to support professional development opportunities
in this area. Recent work at the CSE has focused on researching, developing and implementing the first presentation
in 1995/6 of a post graduate course based on QOU/BBC resources which has been delivered nationally in partnership
with Local Education Authority Teams, mentored by CSE members. A workshop at the Maltese Forum for Science
Teachers in September 1996 provided opportunities to consider the impact on teachers of the course ‘Primary
Teachers Learning Science’ via the course resources and its assessment strategy. Participants were able to examine
course materials and the assessment guide, and to work closely with copies of marked assignments which had been

presented as part of the Certificate awarded by the Faculty of Science, Open University.

Keywords: primary teachers, professional development, science curricuium.

The Open University/BBC Primary Science Project
Over recent years, the CSE of the Open University has
gained considerable experience in the in-service
education of primary teachers in science with the
development of the ‘Science for Primary Teachers’
course (Tresman et al, 1994; Tresman and Hodgkinson,
1994). The initiative utilised the distance learning
techniques of the Open University, in a framework of
Government sponsored short course arrangements using
Local Education Authority advisory staff.

In developing this course, the project team were building
on the OU’s experience of teaching science to adult
learners with limited formal science background in
undergraduate courses such as the ‘Science Foundation
Course” and ‘Science Matters’. This experience had
alerted the Primary Science project team to the
possibility that mixed media study programmes could be
designed which provided science knowledge for the
teachers and constructed frequent and explicit bridges
between that knowledge and strategies for teaching. In
this way, teachers’ experiences of learning science could
impact on primary practice in a sustained and durable
way.

The plans for the new media resources of the BBC
Primary Science appeared to complement the CSE’s
plans for a new course in 1995, so a collaborative team
was set up to coordinate the production of all aspects of
the teacher’s professional development resources.
Examples of the full range of resources were introduced

through a series of activities at an additional workshop
provided at the Maltese Forum for Science Teachers in
September 1996.

The Course

Designing a course which is both accessible and
challenging to experienced primary teachers requires
explicit links to be made between appropriate selected
content and practice, so that the teachers’” investment in
time and effort in the course will be professionally
relevant.

Six workbooks are provided that focus on key areas in
science in the primary curriculum;

Life: Diversity and Evolution

Materials: Chemical and Physical change
Forces and Energy

Electricity: Making connections

The Planet Earth

Ecosystems

These are linked with the BBC broadcasts for teachers
and children. The Course Team advises Local Education
Authority groups on planning training programimes
around the materials. Tutorial support is offered to assist
teachers’ preparation and planning for assessment.

Each workbook takes the reader through a learning
process of exploring, planning, implementing, and
reviewing in a reflective learning cycle. Such a model for
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lecarning aims to assist teachers to process information,
glcaned during the course, and insights gained with
expericnces during the course to move forward into ncw
lcarning. The assessment woven 1nto the course is a key
element 1n establishing whether new learning has
occurred and whether teachers have been able to graft
this onto established practice. Two strands can provide
cvidence in this respect: personal learning and associated
lcarning strategics and the impact of these on practice in
the classroom and school.

Within the opening section of each workbook. explicit
statements arc offered on general and subject specific
outcomes cxpected after studying it. Performance criteria
relevant to each specific outcome are given and guidance
on how to use them to map out an appropriate route
through the workbook.

Teachers are asked to compile a learning file (supplied
as part of the course materials) to enable them to keep a
record of their learning journey, through notes. responscs
to activities, pieces of children’s work, results of
reflections, group discussions, marked and returned
assignments.

Assessment Strategy

Self asscssment plays a leading role in cvaluating
learning. Within the workbooks are embedded activities
which develop teachers’ skills in interaction with new
concepts and ideas in science and sciencc tcaching
introduced in the text or associated broadcasts. ~Corc
Skill Activitics’ develop skills that undcrpin all learning
and are intendcd to assist cvaluation of lcarning.
Responses to thesc activitics may contribute in the
process of planning and structuring tutor marked
assignments which form the summative asscssment of
the certificate course. Other activities arc concerned with
specific concepts linked to the subject areas covered in
the particular workbook. These are structures to develop
knowledge and idcas, rcinforce understanding and
provide opportunities to practisc using and applying
newly acquired concepts.

The Summative assessment compriscs two assignments
and one end-of-course project. They have a dual focus:
on personal learning; how the processes of learning as an
adult occur and on professional learning; the use which
is made of the subject knowledge within the context of
primary teaching in science.

The assignment tasks relate to the aims of bridging
personal learning of science and children’s learning and
classroom and school based activity. The first two are
studies of learning and teaching, the third is a project on
an aspect on the role of the science coordinator. The
coordinator has responsibility for planning and
coordination of the science curriculum in his/her school.
The first presentation of the course is now complete and
the examiners of these assignments reported on the first
two tasks as follows:

“Through these assignments. teachers were able to articulate
their lack of knowledge and skills at the start of the course
and many denonstrated improvements in their first
assigniment (compieted after three months). They described
a varicty of methods for identifying pupils” exisung ideas m
science, but many had difficulty selecting cffective methods
of developing detailed learning objectives for cach child in
their sclected group”™.

“In the second assignment. teachers were able to describe
the strategies they had developed to increase their
knowledge in science and confront difficult concepts.
This helped them to identifv with pupils as they were
mecting new concepts. Tcachers revealed increasing
confidence in planning and tcaching, using their wider
knowledge of science to provide a broader spectrum of
appropriatc classroom activities. Many rccognised the
beginnings of change in their practice. moving away
from “telling’ information and providing highly
structured activities. towards morc effective questioning
and probing children’s  ideas which  diagnosed
misconceptions and could be used to plan effective
programmes of learning for the children’.

The classroom based research project represents a shift
in the level of demand to build on previous work and
provides a challenge in the context of wholc school
seenee.

A choice of three contexts is provided:

e to write a report on the development of a portfolio of
assessed and moderated children’s work in one area
of science for use in school

e to write a rcport of a project to plan science in the
curriculum over a range of time scales

e to write a report on the planning, running and
evaluation of a science school-based in-service
training session.

In each case. teachers are required to demonstratc
through evidence. how they have translated their own
science knowledge and understanding to inform practice
in the chosen area.

Sincc these have not yet been marked. outcomes of the
project will be reported in a later paper.

The Workshop

A workshop was provided at thc Maltese Forum for
Science Teachers in September 1996. An introduction
gave a brief overview of project resources and identificd
needs of primary teachers and how these had bcen
catered for in a series of training programmes and
partnerships cstablished between the Open University
and Local Education Authorities throughout England
and Wales.

The participants werc then split into two groups (o
engage in two activities. A pcriod of 20 minutcs was
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allocated for cach activity. Each group of participants
was asked to report on onc of these activities in a brief
plenary at the conclusion of the workshop.

Activity 1

Participants werc asked to review course materials, in
particular the six workbooks and comment on
opportunities contained thcrein for guiding teachers’
learning about their own and children’s learning in
science in these key areas of science.

Activity 2 _

Examples of assignments produced by teachers
participating in the first presentation of the course were
made available for study. Participants were asked to
compile a list of up to six important issues raised by
these assignments in the areas of personal learning about
science and six illustrating impact of the course on
teaching science as demonstrated by the teachers’
responscs to the assignment tasks.

On reflection

Given the widely contrasting backgrounds of

participating teachers in knowledge of science and
cxperience of teaching it within the primary curriculum.
evidence of substantial progress from the starting points
of individuals studying ‘Primary Teachers Learning
Science” has been demonstrated during the first year of
presentation, 1995/6. This progress has been in terms of
enhanced knowledge of science concepts and how to
teach them effectively, an increased appreciation of the
processes involved in learning science as an adult and as
a child, greater awarcness of the organisation problems
of effective teaching and planning in school and
improved knowledge of resources and equipment and
confidence in how to use them.
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SCIENCE TEACHERS’ SECTION

The Malta Chamber of Scientists is setting up a Science Teachers’ Section. This section shall be
responsible for matters concerning the teaching of science in Maltese schools. It shall also be
responsible for the organisation of seminars, forums, training courses and publications related to
science teaching. Any teachers of science in Malta, from primary to tertiary level, who wish to join,
please contact the Secretary of the Chamber at the address below:

P.O. Box 45,
Valletta BP.O.,
Valletta.

Tel/Fax: 343535
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Empowering Primary Teachers to Work With Confidence and Expertise in
Science: Workshop Presented to the Malta Forum for Science Teachers; September

1996

Susan Tresman
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Summary. In the United Kingdom, young children are usually taught science by non-specialist teachers who not only
Srequently lack confidence in the subject, but often bring their own misunderstandings to the classroom. How to break
this cycle has exercised the science establishment and the Government for some years. /4 range of initiatives have
been introduced, culminatirig in the FEnglish/Welsh National Curriculum, with its Northern [rish and Scotlish
counterparts. Since September 1993, a joint initiative between the Open University (OU), Centre for Science
I'ducation (CSE) and BBC Education has offered substantial training opportunities to support the teaching of primary
science. A workshop, presented at the Malta IForum for Science Teachers 1996, provided opportunities to view,
explore and discuss television broadcasts for teachers and investigate aspects of the OU workbooks which form the
basis of a Certificated Course in Primary Science (located within the MA in Education Programme) at the University.

Keywords: primary science. curriculum, teacher training, workbooks.

Introduction; Primary Science

Since the introduction of science as a core subject of the
National Curriculum in 1990, all children of primary age
are entitled to experience and be taught science within
their school. The areas of science are determined by
Programmes of Study established within the following
strands: Life Process and Living Things, Materials and
their properties, Physical processes. Contexts derived
from these should be used to teach pupils about
experimental and investigative methods. However, few
primary school teachers have a science background
bevond O’ level or GCSE level (at 16+), and although
science has been a focus of In-service training for the
primary sector in the last five years, it 1s still an area in
which many primary school teachers say they fecl the
need for support.

Over the recent years, the Centre for Science Education
has made a considerable impact into the primary science
arca with the development of the ‘Science for Primary
Teachers Course’ (Tresman and Hodgkinson, 1993;
Tresman et al, 1994; Tresman and Fox, 1994;
Hodgkinson and Tresman, 1994; Tresman and
Hodgkinson, 1994). Similarly, BBC Education has a
long standing valued reputation for the production of
broadcast materials for primary schools and in more
recent times for In-service training materials.

A collaborative venture forged between the CSE and
BBC Education has produced materials to enhance and
develop teachers’ own understanding of science and to
support and impact on their professional practice
(Tresman et al, 1994). A major thrust of the training
programmes based on these materials is to develop

teachers as reflective learners and practitioners of
science. A summary of the project is shown in Table 1.

Teachers” notes support the effective use in the classroom of
four series of broadcasts for pupils aged 5 - 11. Teachers’
manuals support the planning of appropriate activities and
schemes of work in science and suggest opportunities for
assessing children’s understanding of science .

The series of six Teaching Today broadcasts focus on key
areas in science that research had shown pose particular
problems for teachers. Each programme has three elements
woven into its treatment of the subject:

o children learning science

e adults using science

¢ pedagogy eg. teaching strategies or educational research.
The programmes and notes for tutors are designed to be
used in school-based science In-service training.
Workbooks following the six themes explored in the
Teaching Today broadcasts and produced by the Open
University, contain substantial background knowledge in
science and provide a route to tcacher certification from
the Science Faculty: ‘Primary Teachers Learning
Science .

Current government funding initiatives allow for Local
Education Authorities (LEA’s) to contribute substantially
to the costs incurred by primary schools in retraining
their teachers to develop their science teaching.
Providers of training courses in science have to be
approved (appointed as ‘Designated Providers’ by the
Department for Education) and work in partnership with
LEA’s to establish training programmes of between 5
and 20 days’ duration.)
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e T.V. Broadcasts
For Pupils

For Teachers

e Printed Media

For Pupils

For Teachers

and planning guides.

Kits

° Professional Development Course

o CD interactive

teaching.

Cats’ eyes for 5-7 year olds. 4 x 15 mins, 8 per term for 5 terms.

The Experimenters for 7- 9 year olds, 20 x 20 mins. 4 per term for 5 terms.
Science Zone for 9-11 year olds, 20 x 20 mins. 4 per term for 5 terms.
Space Ark. 24 x 10 mins. 4 per term for 2 years.

Teaching today - 6 programmes, 1 per term for 2 years,

Two series of highly illustrated information books for 5-7 and 811 year olds.

Tecachers’ notes on pupil broadcasts for 5-7. 7-9, 9-11 year olds, including activities, assessment

Teaching Today notes x 6: ideas to support professional development in key sciencc areas.
Collections of practical activities for teachers, on key topics.
Open University workbooks leading to OU certificate.

Teachers’ resource for exploring the pedagogy of investigations, and content and issues in science

Table 1. Primary Science: Details of the project.

‘Primary Teachers Learning Science’ qualifies for
designated status which has allowed widespread
negotiations between the CSE and LEA’s throughout
England, Wales and Northern Ireland to establish
training programmes which are based on the workbooks
and associated assessment. These training courses are
administered and tutored locally with LEA Science
Advisory staff. backed by wvalidation and specialist
guidance and mentoring from the Project Team at the
Open University.

Training Courses: Local Partnerships

Government initiatives in the area of primary science are

aiming to make a response to research findings e.g.

Tobin and Garnett (1988). These showed that, while

primary teachers could manage their classrooms, get

activities in science started, monitor their pupils

engagement and probe children’s thinking, they

experienced severe difficulties in a number of key areas:

+  could not assist pupils to develop the science content
from the curriculum

= could not ask the crucial questions to focus
children’s thinking on what was learned

+ did not always know what children were supposed to
lcarn from an activity

»  were unable to diagnose partial understanding and
misunderstandings from children’s responses
» failed to focus on content and concept development.

The Open University experience of teaching scicnce to
adult learners with very limited formal science
backgrounds, convinced the Project Team that sustained
improvement in primary practice in science could be
achieved through teachers acquiring a personal
knowledge base in science and providing opportunities
for them to reflect with colleagues on how this newly
acquired knowledge could impact on their teaching.

Members of the BBC and OU staff met with a wide
range of science advisory staff from around the country
explaining how to use the Open University/BBC
Education resources to set up Government funded
training schemes. The Project Director from the OU,
CSE with responsibility for Academic Liaison offered
detailed support in establishing appropriate training
programmes based on the OU Course, backed by the
wealth of programme and print resource from the BBC.
A high level of interest and many models of provision
were forthcoming, all characterised by the partnership
between LEA teams and the OU. An example of one
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TERM 1

BBC/OU RESOURCES

June

Pre-coursce twilight - introduction to proposed course.
staff elc.. attended by course participants and
Headtcachers

late September

2 day introduction to course
Ways of studying the workbooks
OU assessment for the Certificate

Workbook 1: Life: diversity and
evolution
Assessment booklet

Introduction to the learning file and assignments
Audit of science skills of course participants
Diversity and Evolution tutorials and workshop
Investigative work in science, reporting on and
recording children’s achievements and experiences

Tcaching Today
Broadcast and notes

October

I day, tutorials and workshop on Materials

Workbook 2: Materials: Physical and
Chemical changes
Teaching Today
Broadcast and notes

late October

1 day in school researching tasks with children and
preparing for course assignments 1 and 2 (with supply
cover)

November

1 day, tutorials and workshop on Forces and Energy

Workbook 3: Forces and Energy
Teaching Today Broadcast and notes

ASSIGNMENT 1 DUE NOVEMBE

early December

I day workshop and tutortals
Continuing Forces and Energy

Workbook 3:
Forces and Energy

Differentiation in primary science
Working with colleagues, school based
INSET - strategies for and evaluation of
(production of A4 resource sheets by course participants
to be shared amongst all members of the group)

Workbook 2, Section 4

Pupils, future course participants

TERM 2
1 day workshop and tutorials on Circuits and Magnets Workbook 4: Electricity: Making
] Planning for science, providing equal opportunities for connections
anuary science Teaching Today
(5 minutes presentation by course participants) Broadcast and notes
ASSIGNMENT 2 DUE MARCH
1 day workshop and tutorials Workbook 5:The Planet Earth
February The Planet Earth Teaching Today
Resourcing primary science Broadcast and notes
late February I day in school (with sup.ply cover) researching tasks for
assignment 3
. Workbook 6: Ecosystems
1 ' S .
March day work:hop an lut.onal. on Ecosysiems Teaching Today Broadcast and notes
ssessment in science
“‘”hgh‘l]ale Exhibition mounted by course participants in local
I\jlqarc. l‘/ professional development centre for Heads, Colleagues,
pri

ASSIGNMENT 3 DUE AUGUST

AWARD BOARD MEETS NOVEMBER TO OFFICIALLY AWARD CERTIFICATES

Table 2. An example of a training programme.
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such training programme was shown and discussed
during the workshop and 1s included here in Table 2.

Tutors. one for every group of 12 or so participating
teachers, are generally drawn from the Local Education
Authority Advisory Staff, but alternatively may be drawn
from the Open University academic staff. The award of
the post graduate certificate is made on successful
completion of two assignments and an cnd of course
project. Tutors are supported by training, the provision of
tutor notcs and monitoring of their marking of students
work by the Project Team and other Science Faculty staff
at the OU.

During the first two presentations of the course, more
than 600 teachers have studied courses based on the OU
materials. Based on these levels of intercst. the OU/BBC
collaboration is the largest provider of training in
primary science in England. Some teachers have applied
to the OU individually, to study within a network of
groups established and tutored by the Open University.
These individuals encompass returners to the profession,
supply teachers, tcachers currently taking a career break
to raisc families and others keenly motivated to enhance
their qualifications in science but unable to obtain
government funding. Some individuals and groups have
purchased the workbooks directly from BBC Education
and have designed training programmes around them.

Workshops

There are a range of potential uses of the Primary
Science package of resources in the professional
development of teachers. The Project team has developed
a series of workshops for key staff in the field. These
include advisers, advisory teachers, teacher trainers and
those with responsibility for science within schools. The
workshops are designed to be both an experience of
professional  development, and a tool for the
dissemination of the project’s potential roles.

Such a workshop was provided at the Malta Forum for
Science Education, September 1996.

An introduction covered the ground of the first two
sections of this paper. The participants were then split
into three groups to engage in three activities. Each of
these provided opportunities to explore the potential of
different resources contained within the project for
supporting training in science for teachers of primary
aged children.

A period of 30 minutes was allocated for each activity
and each group of participants was asked to report on
one of these activities in a plenary session to the
workshop.

Activity 1

Participants were asked to review a broadcast aimed at
the professional development of teachers in the area of
Life, Diversity and Evolution, and study comment on the

effectiveness of the “Teaching Today’ notes. which
support and cxtend the broadcast.

Activity 2

Participants worked through a scries of activities and
reading contained in the Open University Workbook 5
using associated rock samples from a kit supplied with
Workbook 5.

Activity 3

Participants had the opportunity to explore the full range
of 6 Workbooks, plus the associated assessment material.
and attempt to design a training course based on these
materials which could provide appropriate training
opportunities for colleagues in their schools.

Guidance notes were produced for each activity and arc
shown in appendix 1.

Background To Activity 1

‘Teaching Today’ Television series and associated
Teaching Today notes

The Teaching Today booklets. together with the
associated television programme, offer help with ideas
and concepts relating to six key areas of science for the
Primary Curriculum.

Life : Diversity and Evolution

Materials: Chemical and Physical Change
Forces and Energy

Electricity : Making Connections

The Planet Earth

Ecosystems.

The booklets provide suggestions on how to organise and
run training sessions within your school, which would
cover these areas of science.

Background To Activity 2

The Open University Workbooks

There are six themes forming the structure of the
professional development resources in Primary Science,
they are:

Life: Diversity and Evolution

Materials: Chemical and Physical Change
Forces and Energy

Electricity: Making Connections

The Planet Earth

Ecosystems

Each theme has a Workbook and a Teaching Today
programme associated with it. Each Workbook focuses
on a key area of National Curriculum Science for the
primary age range. Experimental and investigative
science is embedded throughout the course materials.
The Workbooks underpin and extend some of the ideas
covered in the BBC Teacher’s Files. Each Workbook
enables the teachers to develop their own science
knowledge and offers strategies to enable them to use
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that knowledge to enhance their own professional
practice. both within the classroom and within the
school. Complemented by the Teaching Today
broadcasts and science kits, each module of study
consists of text. video and hands-on investigative
material.

Within cach Workbook. the text is structured into four
scctions. Workbook 5 is used in the workshop and used
here to give the context for each section.

Section 1: About this Workbook. In this opening section.
cours¢ participants are introduced to techniques of
reflective study and the implication for them of
cmbarking on a learning journey in science. The wide
range of BBC Primary Science resources are indexed
along with statements of outcomes and performance
criteria for the Workbooks. Advice on how the materials
can be studied and record keeping of the learning
journey through completion of the Course Learning File
1s given. The assessment 1s introduced.

Section 2: Learning about The Planet Earth. This section
offers opportunitics for the learners to develop their own
knowledge and understanding of the particular concepts
stated, and develop and improve their competence in
defined skills.

Section 3: Teaching about The Planet Earth. Here the
focus is on developing teaching and learning in the
classroom, encouraging the development -of strategics to
enable the teachers to use their own science knowledge
to impact on their practice.

Section 4: Assessing children’s learning in science.
Topics and issues that have been included in Sections 2
and 3 are covered in greater depth in a science context.

In the workshop, the particular focus for study falls on
workbook 5, Section 2 (see Appendix 1).

Background To Activity 3

Resources of the course ‘Primary Teachers Learning
Science’

Copies of all the resources provided to teachers who
enrol on the course in the United Kingdom as students of
the Open University were provided for participants to
examine and discuss.

OU workbooks covering the six key themes were:

Life : Diversity and Evolution

Materials : Chemical and Physical Change
Forces and Energy

Electricity : Making Connections

The Planet Earth

Ecosystems

The structure and detail of the assessment framework
was presented in the Course Introduction and

Assessment  Guide, together with examples of
assignments produced by participating teachers.
Some complimentary resources produced by BBC
Education were also available for cxamination.

Related documents covering the National Curriculum
were displayed, together with some recent research
publications by the author.

The Assessment Strategy For The Course

There are two assignments and one project for the OU
Course: ‘Primary Teachers Learning Science’. All are
included in the Course and Assessment Guide. and
examples of this were available for workshop
participants to look at. The assignments and the project
are designed to mcet the following aims:

l. To assess teachers’ understanding of the course
material. and how they have applied those ideas in
the context of their developing practice in school.

To provide teachers with feedback on their progress
on the course.

3. To assess in the project. their knowledge,
understanding and professional competence in the
teaching of science in the primary curriculum and
school.

[

Local Education Authority or Open University Tutors
have responsibility for providing tutorial support and
planning for the assignments ant the project. and for
marking them. The tutor also helps teachers to have
access 10 a range of services from the QU if this should
prove necessary e.g. counselling. Tutors meet all
students face-to-face at least once during the course for
the mandatory contact. This enables the OU to verify that
the final project report is the teachers’ own work - in
conjunction with verification from a colleague, usually a
headteacher. The final project is double marked, once by
the tutor, and also by a script marker. There is no written
examination. The foci for the assignments are as follows:

Assignment 1

To present a personal skills audit (30 marks) and to
present findings about children’s ideas in a particular
area of science to use in planning science work in the
classroom (70 marks).

Assignment 2

Include an evaluation of personal learning in one area of
science (20 marks). Evaluate approaches to teaching
investigative science and collecting and reporting
evidence to demonstrate progress in children’s ideas (70
marks). Plan the project (10 marks).

The Project

In addition to the three options outlined below, (worth 85
marks) all candidates were required to answer a question
about their own learning as a result of studying the
course, and make an evaluation of how their new
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knowledge 1n science 1s likelv to make an impact on
their practice (15 marks).

Option A Present a report of a project to develop a
portfolio of assessed and moderated children’s work in
scicnec for use in your school.

Option B Present a report detailing the planning,
delivery and assessment of science n the school for a
particular age range over a two-year period. for example.
5-7. 7-9 or 9-11 years. The report should consider
planning over long, medium and short term scales,

Option C Present a report on the planning, running and
evaluation of a science school based training session.

The workshop concluded with the opportunity for a wide
ranging dcbatc on the rclevance and transferability of
this initiative in an international context.
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Appendix 1

Maltese Forum for Science Education
Workshop Resource:

Using a Teaching Today Programme and associated
teachers’ publications.

Activity 1 : for 30 minutes.

for 20 minutes.

View the programme on Life, Diversity, Classification and

note down examples of the following elements vou sce that

would be useful in professional training on this topic.

e Scientific knowledge for Teachers.

e Processes and skills of science.

e [Examples of how children learn science.

e Relevant contexts for using new knowledge gained by
teachers.

e [deas that could be used for school-based training sessions
for colleagues you might run.

For 10 minutes.

Look at examples of Teaching Today booklets and assess their

degree of relevance and usefulness to staff training in science

In your area.

Combine as a whole group to present your findings to the
plenary of the workshop.

Using the Open University workbook : The Planet Earth
Activity 2 : for 25 minutes.

Using the rock cards and relevant sections of the text (copies
provided), in groups of 2 or 3, annotate the copies of Table 5
and Figure 22 provided.

lor 5 minutes.

Combine as a whole group to reflect on applications of this
type of work to the science you teach in the primary classroom.
Share these thoughts during the plenary of the workshop.
Exploring the course resources for ‘Primary Teachers
Learning Science’

Activity 3 : for 30 minutes.
‘Primary Teachers Leamning Science’ is a Certificate Course
from the Science Faculty at the Open University.

For 20 minutes.

Examine the course materials — the workbooks, learning file,
assessment guide and examples of assessed work. Look at the
complimentary materials provided.

For 10 minutes.

On the basis of what you have examined, produce a programme
for a training course based on the needs of your colleagues as
you perceive them in the area of primary science. Include a
consideration of who would deliver the training and where and
when the sessions would be held.
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Motivating Physics for post-16 Students
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Summary. There is a new curriculum development project, the Supported Learning in Physics Project (SLIPP). based
at the Open University which aims (o tackle the problem of decline in the numbers of students opting for Physics at
post-secondary level. This project focuses on control over and use of conlexts for learning.

Keywords: Supported Learning in Physics Project, SLIPP, post-sccondary physics. context and control.

Science cducation in the UK has undergone considerable
change in recent years. With the introduction of the
National Curriculum, students have an entitlement to
scicnce teaching and learning during the years of
compulsory schooling - 5 to 16 years, and in all State
schools (the majority of schools in Britain) students must
by law study all the sciences up to GCSE (the 16+
examinations), rather than select one or two science
subjects out of three. Some schools teach the sciences as
separate subjects and students must do all three, others
teach them in an integrated way as broad and balanced
science. However, this compulsion to study science, and
physics in particular, has not led to large numbers of
students deciding to continue with these subjects at post-
16 level and the decline in numbers of students taking
physics at post-16 level has continued despite the
introduction of the National Curriculum in 1988,

The reasons for this persistent decline in the numbers of
students taking physics post-16 has been widely reported
and need not be repeated here. However, it may be useful
to draw some parallels betwcen some of these reasons
and some similar issues that I am aware of in Malta.

In both educational systems, students are more used to a
transmission mode of learning, to being spoon-fed by
teachers, and so they are unused to taking responsibility
for their own learning and for finding things out for
themsclves. Sometimes the teachers themselves are
under-qualified to teach at this level, or perhaps are de-
motivated after several years of teaching to students who
are not very committed. Physics has a particular image of
being a difficult subject and it also requires quite a high
level of mathematical ability, so parents may suggest to
their children that there are easier routes to a
qualification than via physics. The traditional image of
physics is also one that is unappealing to many girls
(Whitelegg, 1992).

In addition, in Malta, there are the problems of poor
communication skills, particularly the requirement to learn
science in a foreign language (English), over-large classes,
and lack of practice in learning through investigative work.

These issues can lead to poorly motivated students. who are
unlikely to counter the trend of declining numbers and opt

for a subject that they will have to struggle with, rathcr than
something that holds more of a guaranteed route to success.

This is a multi-faceted problem that contains
fundamental issues that are grounded in cconomics.
demographics and society's image of science and
scientists, (and physics in particular), so there is only so
much that can be done to improve the situation by
particular educational initiatives.

However, in this paper, [ wish to outline on¢ particular
initiative that is being developed in the UK that aims to
have some effect on this decline in the popularity of
physics, and which I hope may also be of interest and of
use in the Maltese situation where similar issues confront
students and their physics teachers.

The Supported Learning in Physics Project
Considering all the factors that contribute to this poor uptake
of physics at post-16 has led me to the conclusion that a key
issuec that can be tackled by educational initiatives i1s
students' rmotivation for learning physics. A new curriculum
development project, the Supported Learning in Physics
Project (SLIPP) based at the world's leading distance
learning university - the Open University in the UK. aims to
tackle this key issue in two ways.

Firstly, the A-Level Information System (ALIS) based at
Durham University, UK, has found that A-level students
have greater motivation if they are given more control
over their own learning. Secondly, students are also
more likely to be motivated by a subject if it relates to
activities and hobbies that they are interested in during
their out-of-school activities. This latter factor is
particularly true for girls who have been found to pay
much more attention to the context a science problem is
set in than do boys who tend to disregard context and
treat problems in more abstract ways (Murphy, 1994).

SLIPP has focused on these two factors - control over
learning and use of contexts for learning, as a means for
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Increasing motivation for learning physics and has designed
a learning programme for post-16 students that makes usc of
these two factors.

SLIPP is a package of self-study materials that covers the
core of the physics A-level. It is also appropriate for thosc
taking the new post-16 vocational programmes (General
National Vocational Qualifications - GNVQs). SLIPP
consists primarily of text-based resources which develop
physics learning through seif studv of the materials using
active learning strategies developed by the Open University.
[t consists of eight units of supported self study material and
mcorporates some CD-Rom activities and other audio-visual
resources where appropriate (these are commercially-
available materials which must be purchased separately).
The recommended mode of use of the SLIPP materials is for
teachers to plan routes through the materials with their
students and to manage a time-table for study with the
students. However. after sctting targets for the students'
learning, teachers should then withdraw and allow students
to study the materials independently but arrange to meet
students for small group or individual tutorials and problem
solving sessions. This approach frees the teacher to help
those who are struggling and to develop more advanced
work with others who need further challenges. Practical
work is integrated into the texts and although full
instructions arc given for the majority of experiments
students are encouraged to hypothesise, plan and carry out
experiments for themselves and the end-of-unit projects
encourage this in particular. For safety reasons, teachers

should supervise the practical sessions and be available to
offer help when asked. However, teachers should not be
delivering the learning, the study texts do this, so teachers
should develop more of a tutoring role offering advice and
assistance when requested and withdrawing at other times.
Obviously teachers must monitor students’ progress at
regular intervals and the material contains lots of questions
of different sorts - both to develop and to test students'
understanding. A teachers' guide offers advice on the way to
usc the materials and contains tests which teachers can
administer to their students to check their learning at the end
of a unit.

The second feature of the project is the way the physics
content 1s introduced and developed. Each unit is written
around a real-life context, a context which we hope will
be interesting and attractive to young people and one that
is inclusive of girls' interests. The physics learning is
cmbedded within these contexts and so the coniexts
determine the order in which the physics concepts are
covered. This leads to a rather non-traditional coverage
of some of the physics concepts and also some concepts
being covered in more than one context so appearing in
more than onc unit. This is felt to be a positive feature,
we do not all learn everything first time around, and
presenting energy transfers for example in the context of
transport and in the context of rock climbing will help
reinforce that concept and appeal to a diverse range of
students in different ways. The eight units and their
associated contexts are listed below:

Title

Context

Content

Physics, jazz and pop

Listening to a concert in a modern concert hall

Oscillations, s.h.m., Waves, ideal
gases, communications

Physics on the move

Safe transportation of people and goods

Statics, dynamics, energy,
kinematics, Newton's laws, forces

Physics for sport

Rock climbing, springboard diving, scuba
diving

Forces, vectors, oscillations, s.h.m.,
Ideal gasses, energy transfers,
materials

Physics on a plate

Cooking and eating food

Thermal physics, electromagnetism,
geometrical optics, energy,
electricity, structure and properties
of solids

Physics of space

Space exploration and images of science and
scientists

Quantum physics, light, nuclear
processes, geometrical optics,
radioactivity

Physics phones home

Development and use of the mobile phone

Electromagnetism, electric and
gravitational fields, clectricity

Physics in the environment

Energy use, recycling, pollution, life and death
of the car

Thermal physics, fission and fusion,
nuclear processes, electricity

Physics of flow

Measurement and control of fluid flow

Fluid flow, electricity,
electromagnetism,
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The materials are currently in various stages of
production and the first one, Physics, jazz and pop is due
for publication this November. The others are scheduled
to follow over the next few months and all should be
available for use by the start of the next academic year.
The matcrials are being marketed by Heinemann
Educational Publishers and will each cost about £8.50.
For further information please contact the author at the
address above, or for information on availability of the
materials or to order inspection copies please contact the
publishers at Inspection Department, Heinemann

Educational. PO Box 380, Oxford. OX2 8BR. England.
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The low number of students who choose science and who
cventually pursue a career 1n science (Cauchi, 1996) is a
clear indication of the need to revise our present policy
regarding science education. In our strategy lo improve
the situation we should be extra careful not to waste too
much energy on attempting to cure the symptoms of this
problem. What we really need is to recognise our
responsibilities, be bold enough to address the deep
rooted causes of the problem and to do our utmost to
resolve them even though solutions might imply radical
changes in our present educational policies.

A major 1ssue that emerged during this forum was the
need to rethink the decision making processes that
influence the curriculum. We are aware of decisions that
were hurriedly taken and which had adverse
repercussions in schools. Besides, fostering a piecemeal
approach to curriculum development, management by
crisis and remedying mistakes that could have been
avoided, involve a waste of energy and resources, not to
mention a waste of opportunities when one considers the
number of students being influenced by these decisions.
Curriculum development should be a participatory
exercisc with representation from a variety of
educational sectors - especially teachers who will
eventually be entrusted with the task of implementing
the innovations. Particularly important for the
development of the science curriculum is the formation
of partnerships with industry. Traditionally, industry’s
involvement with students starts once they have left
school, making full use of the skills and knowledge
developed by students throughout the years of schooling.
A closc partnership with industry would ensure that
schools continue to supply industry with an efficient
workforce. and that industry shoulders this responsibility
by financing particular educational projects and offers its
resources for use by the various educational institutions.

Science education has been defined as a process which
“develops an enquiring mind and a scientific approach
ta problems” (Schools Council, 1977). Therefore. when
judging proficiency in science one should be aware of the
process of learning rather than just its end product.
Unfortunately, our educational institutions - think
otherwise and a lot of importance is attributed to
examination grades. Evaluation is predominantly of the
summaltive type and syllabi abound in endless lists of
isolated chunks of scientific knowledge  with
examinations, more often then not, testing students on

their ability to recall these facts. At times, particularly at
tertiary  education level, the main objective of
examinations 1s to measure what students do not know
rather than what they do know. It is a well known fact,
among university students, that the prestige of certain
science courses 1s measured by the percentage of students
failing the course. A high percentage of successful
passes is considered as a ‘watering down of expectations’
or a ‘softening of course content’. It is no wonder that
students do not choose science as they associate it mainly
with a lot of hard work requiring a lot of study and
memory work (Cauchi, 1996).

In schools, science teachers have to struggle between
finding time to allow their students to discover, discuss
and assimilate concepts while trying to cope with an
overloaded syllabus. Hence, for most of the time the
teaching mode adopted is of the expository type (Abela
and Buhagiar, 1993). Learners are rarely engaged in
‘time consuming’ investigations which induce them to
apply learnt knowledge and to devise solutions. Most of
the science being done in local educational institutions
(ranging from primary schools to university) is of the
recipe type - where learners are expected to follow
instructions and fit in their observations into expected
and previously predicted answers. It has been shown that
this is one of the major sources of dissatisfaction in
science (Gatt and Vella, 1990; Cauchi, 1996). The
tragedy of it all is that students. knowing full well what
is expected of them at the end of the course, accept the
situation and end up demanding this examination-
oriented pedagogy from their teachers (Abela and
Buhagiar, 1993).

This distorted view of proficiency in science might be the
symptom of an underlying ideology, which has certainly
influenced teacher recruitment and certain educational
policies, that considers a sound knowledge base as the most
important requisite for making a good teacher. Besides
undermining teaching as a profession, this ideology
continues to shift attention away from what is really needed.
We need to recognise leaching as a profession with its
particular line of expertise, and with its own specific
training programme. This awareness is surely hindered by
attitudes which consider students, who opt for the teaching
profession, as lying at the frailing end of the spectrum of
science or at the shallow end of the dream pool.

Without sound

diminishing the importance of a
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knowledge base, this ideology is the remnant from a time
when teaching was characterised by mere transmission
of knowledge. However, we are now in an ¢ra in which
knowledge is continuously evolving and hence education
should strive to develop independent learners. Hence,
teachers need to be equipped with the skills that would
help learners to actively participate in their learning. We
have already sought to improve science teaching by
exposing science teachers to more science content with
no significant improvement to the situation. What we
need to do now is to recognise the crucial role of
pedagogy in effective science teaching and be ready to
invest in tcacher education programmes which provide a
sound pedagogical base.

However, training science teachers to adopt a more
learner-centred approach is not enough. There is an
urgent need to balance this training with adequate
support that would alleviate some of thc problems of
everyday teaching. For example, this support could
include:

a) an effort to ensure that all laboratories are specifically
designed and well resourced to facilitate science
teaching,

b) a reduced number of students per teacher to facilitate the
organisation and management of practical sessions, and

¢) a restructuring of syllabi in order to reduce the amount of
topics to be covered and increase the possibilities for
investigative projects.

Certain changes in teaching conditions may be delayed
by an apparent lack of science teachers. The problem
could be alleviated by a more coordinated deployment
exercise of new recruits between the Education Division
and the Faculty of Education. Concurrently, efforts
should be initiated to achieve a balance between supply
and demand. The present course structure of the science
content units in the B.Ed. (Hons) programme deters
students {rom choosing particular science main subject
combinations. The result is that the product of the
teacher education course is not quite what is required in
our schools.

The issue of subject choice is not solely restricted to the
tertiary level of education. Students are expected to make
a subject choice, which will determine their future
career, carly in their secondary education. In most cases,
children experience problems in making the choice and
rely heavily on their parents’ advice as well as their
guidance teachers (Gatt and Vella, 1990) who may not
always be aware of the career opportunities available for
science students. Opportunities are further reduced by
certain subject combinations that still have inherent
gender bias. Furthermore, the latest innovation
concerning science in area secondary schools is such that
students cannot dream of covering the MATSEC science
examination syllabi, except maybe through private
lessons, hence making it more difficult for them to take
up science at post-secondary education.

Schools should be sites of opportunity and hence, subject
choice and specialisation should be deferred till the end
of secondary school, when students are more capable of
making better and more informed choices. The need for
specialisation really starts at the post-secondary stage. A
truly integrated science course could replace the present
specialised science courses. Care should be taken to
avoid a fragmentary type of programme, made up of bits
of biology, chemistry and physics and to propose a truly
integrated course based on multidisciplinary themes.
Besides exposing learners to a better concept of the
scientific method of discovery, an integrated science
course allows students to explore and experience a wide
range of possible career opportunities in the scientific
world.

Such an innovation in the educational system would
certainly require some additional support before it is
fully implemented. MATSEC examination syllabi will
need to be revised to suit a more flexible style of science
teaching. Syllabi will probably consist of a compulsory
core that would introduce learners to basic scientific
principles and a set of investigative projects which can
be chosen by the learners depending on their interests. In
order to create further opportunities, the MATSEC
examination board will also have to rethink their present
policy of offering 2A and 2B papers and start offering a
single paper catering for a wide spectrum of abilitics and
offering a whole range of grades. Pre-service and in-
service teacher education programmes will also need to
be revised. The main emphasis of these programmes
should be that of equipping teachers with the
methodological skills required to help them teach in an
integrated fashion, rather than focusing on imparting
very specific and isolated scientific knowledge.

If we are going to be offering a relevant educational
setup, which would allow students to deal with the
challenges of the 21" century, we need to develop skills
to rapidly adapt to new situations and to be able to build
up new structures which would help us to satisty our
needs. However, we should also be equally ready to tear
down these structures in order to build new and
improved ones which would satisfy our needs better.
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I wish to share with you some reflections on the recently
introduced changes to the sixth form curriculum. Thesc
reflections are not based on empirical data (it's still early
days for the new system) but rather they derive. if you
will. from an application of first principles to the recent
experiment in pre-university education.

The 2 Advanced level plus 3 Intermediate level subjects
plus Systems of Knowledge system has, potentially. two
types of impact on the science education picture in
Malta: a positive impact, because now all sixth form
students will be taking some science (albeit at *I" level);
and a negative impact, because students in the science
streams will suffer a loss of one science subject at A’
level mn exchange for one °I” level science and two T’
level arts subjects.

I think the teaching of arts subjects, and particularly that
of English language. to science students will have a
salutary effect on the latter's ability to communicate
better and more elegantly than at present. even and
especially in matters of a scientific nature.

On the other hand. the reduction in background content,
equivalent to 2/3 of that of an advanced matriculation
science subject, will have to be addressed by the various
faculties (e.g. medicine, engineering, architecture and
science) who offer courses to such scientific matriculates.
The gencral entry requirements to university have been
modified in order to take account of these curricular
changes. However, as far as I know, the various faculties
whose study programmes may be affected by this science
content reduction have not been formally alerted and
requested to harmonize course contents with the
requirements of their future students.

How does the syllabus content of an ‘1" level science
subject compare with that of the corresponding syllabus
at "A’ level? I was involved, with others, in the drawing
up of the ‘I level syllabus for chemistry and I wish to
share some of the problems that we had in that area: I
suspecl that colleagues in other science subjects had
similar experiences,

There was the problem imposed by the time available for
leaching the course programme; 2 hours per week for
about 60 weeks over a period of 2 years: i.¢. a total of
120 hours of course work. Compare this with the time
available for teaching “A’ level chemistry, which is 360
hours and that for ‘SEC” level chemistry which is about

270  hours. This constraint had a number of
repercussions. Firstly, we were obliged to kickstart the
course at a point equivalent to that of a completed “SEC’
chemistry programme. Yet, I am informed that students
are allowed to follow "I’ chemistry even when they have
no ‘SEC’ chemistry background. Almost certainly, this is
going to create a lot of difficulty for these students and.
in my view. il would have been wiser to disallow
students such a choice.

Secondly, in view of the limited time afforded 1o
teaching the subject, we could not ailot time to any
laboratory instruction. So while exhorting teachers to use
laboratory demonstrations as often as they could, we did
not formally request them to organize a practical
component for the course. A similar decision was taken
by the syllabus setters for physics, biology and
environmental science. Incidentally, these panels were
not acting in concert and this same conclusion was
arrived at in an independent manner.

Thus, a situation developed where all ‘I’ level science
programmes were shorn of their practical component,
and this in sharp contrast with corresponding teaching
programmes at A’ and ‘SEC’ level. To my mind, this
situation has automatically impoverished the quality of
the learning experience for intermediate level science
students. Of course, there was the advantage for the
school administrations, that, in this manner, the syllabus
was easier and cheaper to teach. Indeed, in retrospect, I
wonder what would have happened had we decided to
cstablish a practical component in the course. Was the
problem of laboratory provision for all students at sixth
form considered when the decision to start °I" level
sciences was taken? Or did this minor detail escape the
attention of the planners?

Another problem which has also emerged and which
should have been highly predictable at the planning
stage, concerns the question of textbook availability.

In chemistry, the course was designed to cover a similar
width of subject area as that covered by the advanced level
course but each area was to be developed to a lesser extent.
In other words, we reduced the course content in depth but
not in breadth. I guess this was conditioned by the desire on
our part to ensure that no major areas of the ‘A’ level
syllabus remained completely unvisited especially since we
perceived most of the “A’ level topics as being of
fundamental importance to higher studies at university.
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Now, of course. while a few good texts exist for both the
A’ level and the "SEC’ level courses. these being similar
to corresponding courses in British schools. no texts are
specifically designed for our home-grown ' level
coursc. Teachers will, no doubt, manage this problem by
employing the current ‘A’ level texts and advising
students to use them judiciously, i.e. to skirt around
certain topics, to leave out some chapters completely and
so on. Clearly, this is not an ideal situation.

Future syllabus setters might consider to steer clear of
the current course content structure and to adopt an
approach similar to that followed by North American
textbooks designed for the freshman year at US
universities. The main advantage in this approach would
be that many superb texts exist for such a programme.
However, the linkage of such a syllabus with that of
"SEC” chemistry may not be completely congruent.

Similar problems are likely to exist for the other "I level
sciences although rather than discuss these here I want to
end my brief contribution with a few words about the
new subject introduced at (and only at) ‘I’ level, namely
environmental science. More to the peint, I will focus on
the manner in which this new science subject was born
to the curriculum.

It is my understanding that environmental science is
currently being touted as the likely most popular science
choice for the arts stream at the sixth form college.
Presumably. students will choose environmental science
either because this is perceived as the softest option in
science or, more appropriately, because they will wisely
decide to stay clear of ‘I’ chemistry or ‘I’ biology because
of a lack of *SEC’ background in these subjects.

Students should not choose environmental science or any
other subject by default. If the cultural base of the
nonscicntific sixth former is to be enriched with some
scicnee, and this is a very good thing, I do not know if
cuvironmental science is the best vehicle to use for such
cnrichment, And having chaired the syllabus panel set
up to produce a first syllabus for the subject, please note
that I am not making this statement lightly.

Indecd. one could reasonably argue that a study
programme consisting of selected topics from the various
scientific disciplines and connected by a common theme
copld well provide a better medium for teaching science

to the nonscience major at sixth form. Morecover, other
approaches suggest themselves.

But. then. it is not my intention here to evaluate the
merits of these different approaches.

Rather. since we are discussing “planning for the
future . 1 feel that it would be better for me to use this
very recent experience as an object lesson in “Aow not to
plan curriculum changes in future ™

To my mind. such an important decision as to what type
of science should be taught to pre-university
nonscientists should have been taken after substantial
discussion with the various players in the educational
ficld. Not least. one should have involved practitioners
and teachers of science. There is no evidence to suggest
that the matter was discussed at all outside of a tight
circle of persons, who. needless to say, were apparently
more concerned with the overall picture than the nitty
gritty details of its component bits. After all, the nitty
gritty could always be sorted out later, somehow.

Even as we bemoan the manner in which, in the past,
physics was imposed on the system as the science subject for
the sccondary school masses, we, today, sce similar
impositions being inflicted on the post-secondary science
sector with the same abandon and apparent relish as in the
nast.

I plead with the decision-takers of this land: please
inform your minds before you make them up. Look
before you leap. The context of any decision should
consist of a set of options each of which is accompanied
by attendant repercussions and these have to be thought
through and agonized over. if need be. before anv
conclusion is arrived at.

[ do not think that all the implications of the recent
curricular changes for an ostensibly better sixth form
were scrutinized quite in this manner.

At this point one counsels patience and perseverance with
the new system. In the spirit of science, we should observe
the new model, give it time to produce results and after due
process and in the light of the data gathered. modify the
model with caution, respect and a great love for the student
body of the coming century. It is their necks that risk getting
broken if we do not look before we leap.
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Profiles

Jan Harding Ph.D.

Jan Harding 1s currcntly an cqual opportunitics
consultant and chairperson of GASAT (Gender in
Science and Technology). She has devoted her career to
promoting Science and Technology among women and
as a result has cultivated an international reputation. She
completed a rescarch fellowship which led to a Ph.D. at
the University of London n 1975. She has contributed
to, or orgamsed numerous courses for science teachers.
workshops and conferences aimed at promoting women
in science all over the world. She is a member of the
Fawcett  Society Education Committee,  external
examiner at a number of Umiversities and an elected
Fellow of the Royal Socicty of Arts.

Elizabeth Whitelegg B.Sc.

Elizabeth Whitelegg is a lecturer 1n Science
Education and Director of Research in the Centre for
Science education at the Open University. During her
21 years experience working at the Open University,
she has contributed to numerous OU courses for
undergraduates, postgraduates in physics and in
women studies and more recently she has written
materials for the professional development of teachers
in physics. She is now the Director of the major

curriculum development  project  for school and
college students - the supported Learning in Physics
Project. She 1s a member of the Collaborative
Learning in Primary Science Research Project and a
founding member of the Northern European Gender
and Science Network.

Susan Tresman Ph.D.

Susan Tresman has worked for the Open University
since 1981 as member of Central Academic Staff based
at the Walton Hall Campus. Her Ph.D. is in Vertebrate
Palacontology (King’s College, London). She is a
qualified teacher holding a Post Graduate Certificate in
Education in Biology with Physics from the University of
Cambridge. She directs the largest Government funded
programme of training for teachers of primary science in
the UK, with many partnerships between the Open
University and Local Education Authorities. Dr.
Tresman is collaborating with Science Educators in
Australia to spearhead similar programmes in New
South Wales, Queensland and Western Australia. Her
present position is Programme Director of the taught
M.Sc. in Science, and Director of Teaching in the Centre
for Science Education.

r

The three invited foreign speakers during a session of the IForum for Science Education in Schools organised by the
Malta Chamber of Scientists. From left to right, Jan Harding, Susan Tresmean and Elizabeth Whitelegg.
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Correspondence

Maltese Scientists in the USA
st August. 1996

To the [ditor - Congratulatons! You have donc a
commendable job for a project that I belicve would be most
important for the Maltese scientific community and those
individuals wishing to learn more about on-going rescarch.

1 would like to introduce myself to you. [ am a science
writer and the associate editor of Chemical Engineering
Progress., a magazine for chemical engineers. [ wrile
technology-related articles for the magazine. I have an
undergraduate degree in Biology and more than twenty
ycars experience as a writer. My family is Maltese but [
was born in the States.

I am also writing to let you know that if you would like
an article written about Maltese scientists doing research
in the United States, [ would be most happy to interview
thosc individuals and prepare the articles.

I also hope you decide to sell Xjenza subscriptions to
college libraries here in the States. 1 believe this is
important so more people will be acquainted with
Maltese scientists and researchers.

Again my sincere wishes for continued success with
Xjenza.

Claudia M. Caruana
1333, Union Ave..
Eimont,

N.Y., 11003,

USA.

e-mail: claucl@aiche.org

Science Education and Language
30th November. 1996

To the Editor - Allow me to start my letter by expressing a
few words of praise for the recently launched scientific
journal, Xjenza. It is indeed a journal of good calibre
produced by Maltese Scientists for Maltese Scientists. It not
only serves as a “local outlet for their work” but more
importantly as a launching pad for the younger generation
scientists who are having their first go at producing a
scientific write up and who subsequently aim to publish in
international journals. The sections are well balanced and
the subjects cover a broad spectrum of topics which serve to
arouse the interest of the majority of scientists.

[ would also like to comment on the 17th Business and
Science Meeting: Science Education which was held at
the University of Malta on Thursday 28th November.
1996

The emphasis laid on the importance of scicnce
cducation was definitely a step in the right direction.
Science is thc keyword in today’s technologically
dependent world. It was very encouraging to hear the
Education Minister. the Hon. Mr. Evarist Bartolo.
M.Ed.. express parallel opinion on the subject. During
his first month in office, he has repeatcdly and
e¢mphatically expressed his concern on the need for
improvement in science education.

The Malta Chamber of Scientists, is actively striving
towards the promotion of higher levels of scicnce
cducation. Activities like the Forum for Science Teachcrs
into the 2 Ist-Century: Science Education in Schools, and
the Science Education Business Meeting are evidence in
this regard.

At the latter meeting. it was remarked that students
taking examinations in physics scored low marks
because of difficulties experienced in comprehending the
linguistic presentation of the questions, which
incidentally happened to be in English. This problem
was claimed to have been resolved, or thought to be so.
by restructuring the questiops to include less English
phrases and make more exterisive use of diagrams. This
line of approach offers cause for concern. If students are
accepted to operate with a mediocre lIevel of English,
they will undoubtedly come to face problems in
communicating on parity with other scientists and in
drafting and comprehending scientific literature. The
inherent ambition of students should be to enhance their
linguistic potential which will prove to be most useful in
furthering their scientific education. Lowering of
standards is not to be condoned in any way. Students
should optimise their advantage of being multilingual
rather than dispense with the need for a good command
of English.

Thank you for allowing me space in your journal to
express my views, I reiterate my congratulations to you
and the Editorial Board for your good endeavour in
producing an outstanding Maltese scientific journal.

Well done!

Dr. Marilou Ciantar B.Ch.D.(Hons), M.Sc.(Lond)
43, Gioia,

Tower Promenade,

Sta. Lucija, PLA 09,

Malta.
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Erratum

Motor Vehicle Accidents: Analysis of Casualty Department Data, St.
Luke’s Hospital, Malta.

Maurice N. Cauchi
Department of Pathology, University of Malta Medical School, Guardamangia.

Xjenza 1996; 1:1 35-38

1.

In Table 1 (p35), Table 2 and Table 5 (p36), of
this article, the columns labelled “Total” may be
slightlv higher than the sum of ‘Male’ and
‘Female’ patients. This results from the fact that
where the gender of the individual patient was not
clearly stated in the hospital Casualty Department
Data. it was entered as a missing value, and would

therefore appear in the total but not in the
individual male/female columns. This was
inadvertently omitted from the text.

. In Table 6 (p37), the total number of patients from

M’Scala should have read 15 and not 10. The
percentage figure is, however, correct.

The Editorial Board would like to thank the Companies who have helped to make the
publication of the journal possible:

Flrst Internatlonal Ltd.,
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Xjenza

Instructions for Authors

Xjenza will consider for publication manuscripts in
the following categories:

Original research articles
Communications
Reviews

Commentaries

COMMUNICATIONS should be of no more than
1,500 words and 2 tables or figures. Please contact
one of the editors to discuss the suitability of topics
for REVIEW up to 7500  words,
COMMENTARY - up to 2,500 words, or other
material falling outside the usual categories.

Submission of Manuscripts
Manuscripts should be sent to :

Prof. Angela Xuereb,

Department of Pathology,

University of Malta Medical School,
Guardamangja..

Tel: (+356) 2595 1882
Fa:(+356) 235638

Please submit 4 copies, typewritten, double spaced
with wide margins, keep a copy yourself. After an
article has been accepted for publication, the final
version should be provided in machine readable
torm with hard copy exactly the same as the data on
disk. Please use IBM compatible disks preferably
Word (ver. 2.0 or higher) format or Rich Text
Format (RTF). Authors are requested to submit
together with the manuscript, the names and
addresses of two referees, preferably from overseas.

Conflict of Interest

Authors are expected to disclose any commercial or
other associations that might pose a conflict of
interest in connection with the submitted article. All
funding sources supporting the work, and
institutional or corporate affiliations of the authors,
should be acknowledged on the title page.

Articles are considered for publication on the
understanding that neither the article nor. its
essential substance has been or will be published
elsewhere before appearing in Xjenza.

Permissions

Materials copied from other sources must be
accompanied by a written statement from both
author and publisher giving permission to Xjenza
for reproduction. Obtain permission in writing
from at least one author of papers still in press, of
unpublished data, and of personal communications.
It is the author's responsibility to ensure that
permissions are obtained.

Arrangement of Manuscripts

Preface each paper with a suitable title, the
author(s) name(s), and the full address of the
institution in which the work was carried out
(please identify the author for proofs - giving
telephone and fax numbers - for correspondence
and reprint requests), an abstract of no more
than 200 words, and up to 8 keywords,
Research articles should give an appropriate
introduction, a single methods section (with
the methodology of all experiments reports),

results, and discussion. Either British or
American spellings are acceptable, but please
be consistent. Authors  should express
measurements in SI units, aithough they may
include older conventional units in parentheses
if they wish. Except for units of measurement,
abbreviations should be spelled out on first
use, and should be standard. Drug names
should be generic, although authors may add
brand names in parentheses if they wish.

Illustrations should be lightly numbered on the
back in pencil, with orientation and your name.
We prefer glossy photographs or professionally
prepared line drawings. any lettering and
symbols must be large enough to stand
reduction in size - publication could be delayed
if lettering or symbols are too small. For
halftones send unmounted glossy photographs
with explanatory legends on a separate sheet of
paper. Please send one set of photographs and
attach a set of photocopies to each copy of the
manuscript. Please contact the publishers for an
estimate of the cost for colour illustrations

Tables should bear Arabic numerals and be
typed on separate sheets of paper. Each table
requires a title, but no legend; identify footnotes
by superscripts 23, etc.

References follow the Harvard system. In the
text give the author(s) name and, in
parentheses, the date of the paper/book being
cited. Differentiate between papers by the same
author in the same year by a, b, ¢ etc,
immediately after the date. Where there are
three or more authors use et al. in the text and a,
b, ¢ to resolve ambiguities. All works cited
must be listed at the end of the paper, ordered
alphabetically by first author's name. For each
first author, list single author works, next joint
authored works in alphabetical order, last
multi-authored works in chronological order.
Each reference should give the names and
initials of each author, the year of publication,
the title of the paper, the name of the journal or
book in full, the volume or edition, the first and
last page, and, for books, the publisher and
town of publication. For example:

Scerri CA, Abela W, Galdies R, Pizzuto M,
Grech JL and Felice AE (1993) The B* IVS,
I-nt No. 6(T->C) Thalassaemia in
heterozygotes with an associated Hb
Valletta or Hb S Heterozygosity and
homozygotes from Malta. British Journal of
Haematology, 83, 669-671.

Felice AE (1992) Molecular Epidemiolgy of
Haemoglobin, and the Molecular biology of
Normal and Abnormal Globin gene expression. In:
Collected Papers (Eds R Ellul-Micallef and S
Fiorini), pp. 357-391. University Press, Malta,

David Rawn J (1989) Biochemistry. Neil
Patterson Publishers, North Carolina

Muscat R, Papp M and Willner P (1992a)
Antidepressant-like  effects of dopamine
agonists in an animal model of depression.
Biological Psychiatry, 31, 937-946.

Proofs, Reprints and Copyright

Authors will normally be sent page proofs by fax
where available. Such corrections as are necessary
should be listed in the form of a table, with the
location of the correction in the left hand column
and the correction required in the right hand
column. This table should be faxed to the editors
within three days of proof receipt. Alterations, other
than essential corrections to the text of the paper,
should not be made at this stage; the cost of such
alterations may be passed on to the author.

Manuscripts are accepted for publication on the
understanding that exclusive copyright is assigned
to the Publishers. However, this does not limit the
freedom of the author(s) to use material in the
papers in any other published works.

ETHICAL POLICY

Studies using human subjects should include a
statement within the’ manuscript that subjects
provided informed consent for their participation
and that the study was approved by a local ethics
committee.

Studies using animal subjects must conform to
intemationally accepted standards of animal
welfare, and authors should include an appropriate
statement to that effect, either within the manuscript
or in their covering letter. Every effort should be
made to minimize the number of animals used.

The editors will welcome the submission of work in
any area of science. However, studies that subject
animals to pain or stress require special
consideration and three principles will be used to
judge the ethics of such work. First, experiments of
this kind will be required to reach a higher threshold
of scientific quality in order to be publishable.
Second, the utility of the study will be assessed, in
terms of the balance between the distress inflicted
and the likelihood of benefit. Third, it must be
demonstrated that the objectives of the experiment
ocould not have been achieved by the use of less
stressful procedures; the fact that a particular
procedure has been used in previously published
work will not in itself suffice. The editors believe
that scientists apply strict ethical criteria to their
work, and will have no difficulty in meeting these
requirements.
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