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General Editor’s Preface

In what has come to be one of the most important tracts in education,
What Knowledge is of Most Worth?, Herbert Spencer argued and urged that the
knowledge of most worth is science. ‘Its truths’, he said, ‘will bear on human
conduct ten thousand years hence’, and though it is hardly one hundred since
he said that, there is little to suggest that he will be proved wrong. He went on
to say that ‘rational knowledge has an immense superiority over empirical
knowledge’ and because of its sheer rationality, he claimed, science was the
knowledge to learn. He also gave other reasons including practical and social
ones.

Today there is no need to argue that Science should be seen along with
mathematics and one’s own language as a key subject of schooling. It has
become self-evident.

Even so there is much to be debated and discussed when it comes to Science
Education which is the subject of this sharply acute, ably constructed and
up-to-date reader. It really is a compendium of the best kind: informative,
comprehensive and likely to be an important stimulus to thought and action. It
leaves little in the teaching of science at all levels unexamined. One might have
expected such under Peter Fensham’s able editorship. That he has actually
achieved it must be a cause for great satisfaction among science educators
everywhere and of sincere congratulations to him and the many contributors
whose work has made possible a book of great worth.

Philip H. Taylor
University of Birmingham, 1988
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Foreword

In choosing authors for the chapters of this book I had a number of criteria
in mind. Firstly, from my knowledge of them as persons or from their work
and other writing, I believed that they had important things to say about
science education. Secondly, they responded to the framework or description
of the reality of science education I suggested for the book and which I have
argued for in the first chapter. Thirdly and as a corollary of this sense of reality,
they are science educators who, in their own ways, take the content of science
seriously, see learners as active constructors of scientific meaning, and/or have
recognized the importance of social context and effect as neglected aspects of
science education.

Others could also have met these criteria but within the limits of editorial
coherence I wanted a range of national contexts from which the chapters
would be written. In the end, nine such contexts are included and among these
are India and Thailand. In my own numerous contacts with science educators
from both industrialized and less industrialized countries I have been increas-
ingly aware in the 1980s that some of the best organization, effective practice,
and most original insights and innovations are occurring in some of the latter
countries. Even with the substantial efforts that UNESCO has made over
many years to provide international communication in science education, the
developments in science education in the second group of countries (the
world’s majority) are much less well known than they should be.

In inviting the authors I asked them to focus their contribution on a
particular theme although I knew full well that each of them sees science
education more holistically. The selection of these themes for the chapters was,
for me (and no doubt for the authors), a fragmenting of an interactive whole.
To avoid the themes appearing to be definite discrete components of science
education (and for several other reasons) I chose to seek alternative views on
themes rather than multiply the themes themselves. In this way, readers will
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Foreword

have reinforcement of some aspects and a sense of different emphases and
connections about others. They will also more readily be able to discern how
the tradition from which an author comes, the context in which they live and
work, and the literature on which they draw, shapes the way they address and
respond to current issues in science education.

In my opening chapter I juxtapose the sense of importance school science
education is now assuming with a realistic appraisal of what we have learnt in
the twenty-five years since 1960 when it was also very much front stage as far
as the curriculum of schooling was concerned. I suggest that science education
is now much more complex and interesting but also that it is much more
difficult than we thought in 1960. In the process of this rather too grand scale
account of a number of contemporary dilemmas facing science education and
of some of the interesting possibilities that seem now to be worth exploring, 1
touch on the various themes that are taken up in the subsequent chapters.

Douglas Roberts (chapter 2), using a normative perspective, addresses the
question, What counts as science education? In doing so, he sets science
education firmly in a social context within which at any time there are a
diversity of stakeholders so that this context is, in fact, not one but many. Each
context has its purpose for science education and this leads to the stakeholders
for each one choosing to emphasize a particular set of science learnings. Science
curriculum policy, he argues, is always a compromise among these various
curriculum emphases, and as such presents dilemmas and even sharp conflicts
for the teachers who are required to implement it. One of the emphases
Roberts identifies is a science, technology and decisions one that is taken up
later in the book by Solomon, and by Eijkelhof and Koortland.

John Baird (chapter 3), on the theme of teachers, argues strongly against
the simplistic view that certain behavioural competences in teachers will lead to
successful learning in science and for a more complex picture of what and how
teaching and learning are determined. Accordingly, he does not see the emphasis
on the teacher’s overt behaviour in the classroom that has so often been put by
researchers and teacher educators (both pre- and in-service) as helping us to
understand the teacher’s role in science education. Instead he sees some recent
developments in metacognitive research and in particular, action research
projects in which classroom teachers are active collaborators, as important new
directions for science education research which could lead to improvements in
science teaching.

Dick Gunstone in chapter 4 on learners in science education has addressed
the quite enormous literature that is now available (after only about ten years
of research) on learners’ views about natural phenomena and the conceptions
they hold of the scientific description of these that are usually included in
school science. He avoids yet another review of this work (since a number are
available) by relating and contrasting this recent work, with its generally

X



Foreword

constructivist orientation towards science learners, to the much older Piagetian
line of research on learners. In two other parts of this chapter he pursues and
teases out the images of learners and of science that these constructivist
researchers are generating and the ways of bringing about conceptual change
in classrooms that are consistent with their theoretical position about teaching
and learning.

Bonnie Shapiro, without referring to metacognition, and Rosalind Driver
who does, both provide in their chapters (5 and 7 respectively) examples of the
sorts of research in science classrooms that Baird is advocating. Shapiro,
through her own case study of children in a primary class studying light,
provides insights into the thinking of young learners of science in context that
goes much further than the alternative frameworks research has been able to do
with its concentration on science concepts, albeit methods that have so often
involved individual learners.

Driver and Dick White (chapter 6) have both written on ‘Theory into
Practice’. Driver outlines in some detail her interpretation of the constructivist
view of learning that she (and most of the other authors) acknowledges as the
theoretical base for the projects and practices her group is undertaking in the
Children’s Learning in Science Project in Britain. She describes the way they
have worked with science teachers to develop approaches to teaching a number
of common science topics that take seriously constructivist principles and what
this sort of research has shown us are commonly held conceptions about these
topics.

White’s chapter, also from a constructivist base, moves more freely into a
less theoretically defined future, or rather one characterized by chains of
theory-practice-revised theory, etc. He uses the series of research projects
which he has shared with Baird and a number of science teachers to argue a
way forward that could lead to realistic research in science education that
would not present teachers (as has been so common in the past) with credibility
and applicability gaps, because it has been so largely developed and validated
by teachers like themselves.

In chapter 8 Kulkarni presents a Third World perspective as he addresses
some of the language problems confronting his country, India, as it seeks in its
post-colonial independence to universalize education and in particular science
education. He outlines various sociolinguistic problems that are starkly
obvious in his context but which do have their counterparts in all societies
where such social differentials are often overlooked. A number of studies he
and his colleagues have undertaken are described and these are characterized by
practical interventions that have made positive contributions in what could
have seemed most daunting situations.

Sunee Klainin from Thailand (the discoverer of some remarkable findings
about girls and science education) and Avi Hofstein from Israel are the authors
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Foreword

of chapters 9 and 10 on the theme of practical work or the role of laboratory in
science education. This theme is associated with some of the most fascinating
dilemmas of science education. Klainin reminds us of the accepted place the
laboratory has had in school science education in some countries for a century
at least, and of the central role it was meant to play in the new curricula of the
1960s and 1970s. Nevertheless, as she and Hofstein point out, practical work
was ignored by many of the evaluators of these innovations, and when it was
considered the findings were discouraging. Both authors, however, argue that
the new bases do now exist for teachers to use practical work in their science
teaching in ways that promote sorts of learning that are readily understood by
teachers and students, and in addition that contribute strongly to the latter’s
enjoyment of the subject. Klainin, in particular, emphasizes that good assess-
ment procedures are now available (Hofstein was a contributor to these), and
that this is a major difference from the earlier period of the so-called
activity-based science curricula.

Svein Sjeberg and Gunn Imsen from Norway and Jane Butler Kahle from
the USA, in chapters 11 and 12, address the concerns that are now very
widespread about gender factors in science education. The former focuses on
the male image of science and how that image affects the teaching and learning
of science in schools and the aspirations about science that girls and boys have.
From the two chapters, enough about current participation patterns, achieve-
ment and aspirations emerges to justify the general concern that science
education in the schools of many countries is a major factor for, rather than a
corrective to, the disadvantages girls and women so regularly face in contem-
porary technological society. Kahle draws on some recent research literature to
suggest ways in which the image of science and science education could be
changed. Sjeberg and Imsen combine social and cultural analysis with some
very intensive psychometric data from girls and boys in Norway to point to
the depth of the problems. They are able, however, also to point to some
features that are encouraging as efforts to redress these imbalances occur. Their
data on the contributions more girls in science and technology may make to
their practice and image are particularly interesting.

Science education and technology education are so often now spoken of
together that the Science-Technology-Society theme was obviously an impor-
tant one to include. In chapter 13 Joan Solomon from Britain traces several of
the main influences for the current interest and press to introduce STS courses
in schools. In doing so, she points to the tangle of objectives and variety of
conceptions of STS that already exist. She goes on to look at what we know of
students’ reception and learning of such courses. Harrie Eijkelhof and Koos
Koortland from the PLON physics project in the Netherlands describe in some
detail in chapter 14 the evolution of that project team’s thinking about the way
science learning can, or should, be related to the impact its science content as
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Foreword

technology has on members of a society. This description of an actual example
of the development and use of STS science materials (particularly from such a
pioneering group as PLON) provides a helpful, practical case to relate to
Solomon’s more general chapter. This sort of counterpoint occurs several
times in the book and is a happy additional outcome of the strategy of asking
two authors for most of the themes.

Books like this rarely rest on the shoulders of their authors alone. Behind
my own efforts in science education there has been, over many years, the very
direct support of numerous colleagues and several secretaries in the Faculty of
Education at Monash University. My thanks go to each of them and to their
counterparts at the University of Leeds where most of the final editing was
done. No doubt each chapter author has had their own support from similar
persons and the final manuscript is, in that sense, theirs as well as ours.

Peter J. Fensham
February 1987
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Familiar but Different:

Some Dilemmas and New Directions in
Science Education

Peter J. Fensham

Introduction

At a time of general economic restraint and cutbacks in education, a Learning
in Science Project was set up in New Zealand in 1979 for three years that has so
far been extended to nine, and in 1982 Britain’s Department of Education and
Science established the complex and expensive Secondary Science Curriculum
Review. Almost before the last staff, lingering into the 1980s after a longish
period of depression in American science education, had left their posts at the
National Science Foundation, this body, and a number of others in the USA,
were reviewing and reporting on the state of this field in schools and
establishing new projects to remedy its deficiencies.

In 1984 UNESCO’s Regional Office for Asia and the Pacific was asked by
its member states to make ‘Science for All’ a top priority area for development
over the remaining years of the decade. Australia, one of these member states,
has lagged behind the efforts that, for example, Thailand, Malaysia, Indonesia
and the Philippines have been recently putting into science curriculum
developments. In 1986, it did, however, begin to review its school science
education seriously and several projects with strong government backing have
now begun. Canada, a country with many similaritics to Australia, undertook
a very extensive review of its school science education earlier in the 1980s and
its provincial governments are now responding with a number of new
curriculum initiatives.

This list of renewed national concern and activity about science education
in schools could be substantially extended. It will, however, suffice to testify to
a widespread political and economic concern, and to a willingness on the part
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Peter J. Fensham

of authorities to provide funds, personnel and other resources for the
improvement of science education in schools.

This situation, with its positive climate of support, should at first sight be a
very pleasing one for science educators. To many of us it does, however,
present one very general dilemma and a great number of more specific ones as
the various aspects of what should be done in this field of curriculum
development are considered.

The general dilemma relates to the fact that the 1960s and early 1970s are
so recent that the very similar rhetoric and enormous effort that went with the
science curriculum reforms of that period have not been forgotten. Even
today’s younger science educators, through their own training, are aware of
these similarities because the documentation of that earlier period is so
extensive and because its residues in the schools have been their own
experience of learning and teaching science at school. Furthermore, for any
who are prepared to turn to the histories of science curricula (see, for example,
Layton, 1973, and Jenkins, 1979, in Britain; Hurd, 1961, and Bybee, 1977, in
the USA; and Fawns, 1987, in Australia) there is ample evidence that the
generation of the 1960s (let alone the 1980s) was certainly not the first to
expect great things for learners at school from science education. There is a
strong sense of déji vu.

The great burst of activity in curriculum development in science began in
Britain and the USA in the late 1950s and continued there till the early 1970s.
It did much to give a new meaning to curriculum development and to
professionalize its procedures. These new conceptions spread beyond science
to many other parts of the programme of schools as curriculum development
centres or departments rapidly became established as part of the educational
scene. Nor was the notion of ‘curriculum development’ confined to these two
countries for it rapidly spread to many others. Some of them did not, however,
embark on truly indigenous curriculum development till the 1970s. In a
number of cases this delay was due to the fact that a form of educational
imperialism occurred. That is, materials for the school populations of Britain,
the USA or France were exported, with or without minor adaptation, to the
school systems of other countries where quite different sociopolitical and
socioeducational needs and demands prevailed. These differences were very
apparent in the countries of the Third World that had only recently gained
their political independence. Nevertheless, it was the education systems of
some of these (under persuasive advice from now ‘foreign’ consultants) that, in a
number of instances, took up these new materials more extensively than did
the schools in their countries of origin. Countries like Australia and Canada,
which in some senses were socially similar to the USA, also made extensive use
in some of their centralized provincial school systems of materials from the
National Science Foundation’s projects in the USA. It can now be seen,
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Some Dilemmas and New Directions in Science Education

however, that this period of direct importation of science curricula, even in
these countries, distorted the educational scene and inhibited more appropriate
local developments.

As I wish in a number of ways to relate the present and future prospects
for science education to the situations, events, and products associated with
this earlier period of interest and activity in science education I shall refer to it
as ‘the 1960s’ knowing full well, as I have just indicated, that some of its effects
on science curriculum reform were more evident, in fact, in the 1970s.

In the various rationales that were provided for the activity in science
education in the 1960s and in those for the 1980s two similar targets are
addressed. These are a scientifically-based work force and a scientifically
literate citizenry.

The stress on the former is quite evident. The National Science Foun-
dation’s 1983 report ‘Educating Americans for the 21st Century’ sees school
science education as important to produce the scientific and technological
professionals who will enable the USA to compete economically with Japan.
This is so reminiscent of the Rickover report in the 1960s although the threat
then was the USSR and in a political sense rather than an economic one.
Likewise, in their reference to the latter target, the statements for the two
periods are also quite similar, generally presenting a picture of more science
education, along with more science and technology, as being unquestionably
good things for societies to have.

It 1s surprising to find this recurrence of such an uncritical stance about
science in society in the 1980s, but the NSF report referred to above is indeed
as devoid of reference to the disastrous state of the environment and the
contributions of American industry and technology to it as were its 1960s
counterparts. Reading its arguments for ‘making American science education
the best in the world’ (1) is as if Rachel Carson, Paul Erlich and Barry
Commoner were part of science fiction, and there have been no problems with
acid rain, species depletion, waste disposal and nuclear accidents in the
twenty-five years since the 1960s.

So it is both what the contemporary reports say about science education
and what they omit that heighten the sense of déja vu and contribute to it being
a dilemma for the efforts that are being made to improve the teaching and
learning of science in schools.

It might be (and it is a possibility that would be quite consistent with the
framework I present a little later in this chapter), that this déji vu simply means
that science education is now being challenged to do for the coming gener-
ations of school learners what was achieved by the reformers in the 1960s. In
other words, the societal conditions have now so changed that what were good
solutions for science education in the 1960s are now no longer appropriate.

Alas, the dilemma cannot be so simply dispelled for this interpretation
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assumes that solutions were found in the 1960s to the problems of science
education as they were perceived at that time. Unfortunately the record of
achievement from the 1960s does not support such a position. Quite literally,
by the late 1970s in some of the countries which first embarked on these
reforms to their science curricula in the 1960s their managers had run out of
excuses and ideas. Initially it had seemed that all that was needed were first
class suggestions for what science education in schools should be like and an
adequate supply of carefully prepared supporting materials (texts, films,
laboratory exercises, etc). Even when these proved unattractive to the majority
of teachers in countries where they were not mandatory, or were distorted
almost beyond recognition where they were, the momentum of this approach
was so great that most of the available resources continued to go into revisions
of these first materials or into other attempts to design ‘the package’ of science
education that could, when developed, be handed over to teachers to use in
their schools. Along with this ‘package’ approach to improving science
education a number of countries put considerable resources into upgrading
their school science facilities in the form of more and better laboratory
provision in schools andfor the introduction of ancillary technical staff.
Somewhat belatedly, attention then began to turn to teachers as ‘the problem’
in relation to the implementation of these improved science courses, and by the
early 1970s in-service education courses to induct teachers into the intentions
of the new science curricula were being conducted on a large scale in a number
of countries. Almost invariably these courses were conducted away from the
teachers’ schools, in centres like universities and colleges. The perception of the
‘teacher as problem’ was of the teachers’ own interactions with the curriculum
package. The contextual features of their particular schools and classrooms
were not seen as relevant.

In the latter half of the 1970s a number of major evaluations of these
attempts at solutions to the problems of science education were conducted. In
Britain, Harding et al. (1976) investigated the implementation of the products
of the Nufheld science projects, and in the USA, several separate evaluations of
the effects of the NSF projects were carried out (Hegelson et al., 1977; CSSE,
1978; and Research Triangle Institute, 1977).

These, and evaluations from many other countries, were shared at an
international conference in Israel (Tamir et al, 1979). When the range of
problems that were tackled and when the extent of the implementation of the
proposed solutions are taken into account, a reasonable summary would be
that success was at best patchy.

In Australia, one of the countries were schools throughout the country
had been equipped with new laboratories and technical assistants, there was
evidence that there was less practical work in senior secondary science than
earlier. Only two of the nineteen countries participating in the first IEA study
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Some Dilemmas and New Directions in Science Education

of science education (Comber and Keeves, 1973) chose to include practical tests
despite the centrality they were giving to the laboratory in their curriculum
rationales.

I am not saying that there were no educational achievements as a result of
the 1960s efforts. Clearly there were a number, and it is important to recognize
the sorts of changes that were possible since these may be the easiest sort to
change again. Equally, however, for the good of what might be achieved in the
next decade, we would be foolish not to recognize that we now know that
effective science education in many of its aspects is much more difficult to
achieve than the reformers of the 1960s ever dreamt.

In an attempt to dispel the déji vu dilemma, I intend in this chapter to do
three things. First I shall provide a framework for discussing what was
happening and what was achieved in the efforts of the 1960s. Next I will use it
and some of the features of the contemporary scene to argue that the present
and the more immediate future are very different from the 1960s. Finally I shall
point to some of the more specific challenges and developments that seem to
me to be important to heed if real advances are to be achieved on a wide scale in
school science education.

A Sociopolitical Framework for Science Education

The curriculum movement of the 1960s has rightly been criticized (for
example, Young, 1971, and Waring, 1979, in Britain; Gintis, 1972, and Apple,
1979, in the USA; and Bourdieu and Passeron, 1977, in France) for often
behaving as if schooling, and science education in particular, takes place in a
social and political vacuum. The export of science curricula to which I referred
earlier is an example of this attitude. The fact that science does have some
‘universal’ aspects was used to justify and make possible the transferability of
science curricula across national boundaries. Another example of this ‘social
vacuum’ attitude to science education is the ‘desocializing’ of science and
science education that occurred in many of the projects. References to scientists
as persons and citizens contributing to our understanding of nature and its
manipulation in their own societies almost disappeared in the first wave of
these new curriculum materials, as did any serious reference to industrial and
science applications of science. There was accordingly little or no discussion in
these new science courses of the social implications and consequences of
science (Fensham, 1976). As one further example, I can refer again to the
naivety project after project displayed in assuming that implementation in
complex social systems like schools was essentially only a function of the
science education ‘package’ or of this package and its interaction with a science
teacher, abstracted from the social realities of her/his school and classroom.



Peter ]. Fensham

Historians and curriculum theorists, like those mentioned above, have
helped us to see that schools are established by societies to fulfil a number of
educational functions. The curriculum, in its parts and in its totality, is the
instrument to serve these functions as well as being the field where the
competition between these societal demands on schooling is resolved. In
figure 1 I have tried to indicate some of the societal demands that compete for
priority in a science curriculum’s emphases (see also chapter 2).

The sciences, particularly the physical sciences, in many societies, are
gateway subjects that filter the relatively few students who are allowed to

Figure 1: Competing societal demands on schooling and
science education
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Some Dilemmas and New Directions in Science Education

move into certain professions of high status, societal influence and economic
security. Because of the societal power associated with these positions, we can
call this a political demand on schooling. Again, a limited but definite number of
persons with scientific skills and expertise are needed in any society to maintain
and expand a variety of aspects of its economy. This is an economic demand.
Scientists, particularly in research institutions and universities, are now a
powerful faction in society with a major interest in maintaining their subject as an
elite and important field. They are thus keenly interested in having the schools
begin the process of reproduction of the sciences as those in higher education
define them. In addition, there are clearly many ways in which all cultures and
social life are now influenced by knowledge and applications from the sciences.
Science education can assist people to have a sense of control rather than of
subservience and to take advantage of what science in these ways has to offer
them. The fascination of scientific phenomena and the role of human inven-
tiveness in relation to them offer much potential for school science education
to meet the demands of its learners for individual growth and satisfaction.

If there are, as I suggest (and figure 1 portrays), a number of different
societal demands on the science education that schools provide, it is not
surprising that not all will be equally well met. Indeed the possibility exists that
the curriculum of a science education that meets one or several of these
demands may not serve the interests of the others. Recognition of this
possibility, unfortunately, is still quite rare in the reports and policies of the
1980s as it was in the 1960s. Without it, some critical implications for science
curriculum are likely to be missed in the decision making for the current
reforms in science education, just as they so largely were in the development
and implementations of the 1960s reforms.

Curriculum Competition in Action

An example of this competition for science education at school is how it relates
to the two distinct targets of a scientifically-based work force and a more
scientifically literate citizenry (Fensham, 1986a). The former, related to the top
three demands in figure 1, is needed so that societies and economies can keep
pace in a world where scientific knowledge and technology are being exploited
in a rapidly increasing way. The latter, more related to the lower three demands
in figure 1, consists of those who should benefit from the personal and social
applications of science and who will be prepared to respond appropriately to
changes of a scientific or technological kind.

At first sight it can appear that the achievement of either of these two
targets will also be a contribution to the other. That is, as the first target is met
and exceeded, school science education is on the way to meeting the second.
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Or, if the second is met to any significant extent, on the way the first will be
achieved. Just such a simplistic cooperative view of the interactions of societal
demands and the curriculum of schooling operated in the reforms of the 1960s.
Under the advice and guidance of well meaning university scientists and
encouraged by some slogans about the nature of learning that were current at
the time, the 1960s projects aimed at inducting all learners at school into the
world of the scientist. Not surprisingly, it was the research scientist they chose
as their ‘model scientist’. There was, it seems, a genuine belief that both targets
would be met if all children, in appropriate ways for their level of schooling,
were to learn some of the ideas and some of the ways these sorts of scientists
use to describe and explore the world. All (or as many as learnt successfully)
would have gained a degree of scientific literacy, and enough of them would be
interested to continue on to become the specialist work force of tomorrow.

Right from the start, however, it is now clear that the apparent even-
handedness in the statements of intent gave way in practice to the interests the
first target represents. The first curricula to be redesigned in the USA, Britain,
Australia, Canada, Thailand, Malaysia, etc. were those for the upper secondary
school — the very level where only those, from whom the specialist work
force will be drawn, are present at school. By giving priority to the curricula
for this level, the projects were explicitly rejecting the interests of the target
group of scientific literacy since very few countries in the 1960s had a majority
of each age cohort still at school at this level or even most of them studying
science.

Under their terms of reference which included updating the content of
school science education (long overdue as a result of the Second World War)
these first projects did suggest radical changes indeed to what should be
learned. The changes did not, however, take the form of a massive infusion of
recently acquired knowledge from the sciences or even of their contemporary
explanations or issues. Rather, these courses and their guiding papers
emphasized the structure of the knowledge of the major disciplinary sciences
and the ways it can emerge from their empirical studies.

It so happens that part of this intended new content for learning namely,
the concepts and the relations between them, was essentially what, by this
time, had become firmly entrenched as what university courses in science were
about. In general it is only these aspects of the proposed new content that
gained emphasis when the new courses were implemented in the schools. The
considerable extent of these changes in content can be seen in figure 2 which
shows a content analysis of senior chemistry courses over forty years
(Fensham, 1984).

We should perhaps not put all the blame for this outcome of the 1960s
reforms on the projects or their scientist advisers. It is not their fault directly
that the scientific reasoning that leads to these concepts and the way models of
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Figure 2: Changes in the content of school chemistry
1940-1980 and some features of the secondary school age
population

1940s 1960s 1980s

Descriptive
Applied
Industrial
Historical
(Human) \
Conceptual
(Theoretical)

explanation evolve from empirical findings in science, and the processes of
scientific enquiry were largely ignored by secondary teachers and secondary
science examiners. After all, few undergraduate science courses in which these
teachers are trained put much weight on these philosophical, historical or
syntactical aspects of the science disciplines.

It is possible, however, in terms of societal demands, to understand what
happened once the two choices, of senior secondary courses as the first to be
reformed and of the research scientist as model, had been made.
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Subject maintenance meant an emphasis on continuity of content for
science learning between school and higher education. It meant the choice of
content that would ensure that students moving from school to further studies
in science in higher education would have a familiarity with the concept words
and relations between them that would be used and further developed in the
first years of specialist training. If they succeeded in becoming scientific
professionals their apprenticeships in research or in technology would, in due
course, provide them with the syntax of their science, so that it was not
necessary earlier in school or undergraduate science.

The political and economic demands then turned out to mean that a
sufficient supply of science students for the nation’s needs is important but that
an oversupply is not to be encouraged. On a number of occasions since the
1960s school science has, in both more and less industrialized countries,
succeeded in oversupplying the number of students who had ‘successfully’
completed studies in science and mathematics. Rather than being welcomed as
a contribution to scientific literacy these oversupplies have been embarrassing
to governments since the students involved have themselves seen their success
essentially in vocational terms, and have expected places in the expensive
technical facilities of higher education and in employment (unlike their
counterparts in the humanities) that makes use of their specialized training in
ways the economy of the time could not afford.

Accordingly, the science curriculum at these levels was required to be such
that they did prepare enough students for future studies but that they also
provided a spread of learning achievements among them so that selections can
be easily and evidently done.

This selective requirement has been reinforced by other changes in school
curricula in this period which have increasingly given the sciences (along with
mathematics) the responsibilities for the sieving and sorting processes that
employers and the next levels of education impose on all school systems, and
that were in the past served by language studies.

We can summarize the outcome of these demands on school science
education and of the priority given to the target of the specialist work force by
listing the characteristics of learning content that has prevailed since the 1960s
reforms in most, if not all, school systems as the science content of ‘most
worth’ for learning.

(@) Itinvolves the rote call of a number of facts, concepts and algorithms
that are not obviously socially useful, rather than allowing obvious
social usefulness to determine what scientific information should be
so learnt.

(b) Itinvolves so little familiarity with many of these concepts that their
scientific usefulness is not experienced, rather than concepts being
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learnt in the process of exploring their usefulness in scientific and
common life.

(c) Itinvolves concepts that have been defined at high levels of generality
among scientists without their levels of abstraction being adequately
acknowledged in the school context so that their consequential
limitations in real situations are not adequately indicated.

(d) It involves an essentially abstract system of scientific knowledge,
using examples of real objects and events to illustrate this system,
rather than using scientific knowledge to elucidate life experiences
and social applications of science.

(¢) It reduces the role of practical activity in science education to the
enhancement of conceptual learning rather than being a source for
learning essential skills and gaining confidence in applying scientific
knowledge to solve real societal problems.

(f) It gives a high priority (even in biology) to quantitative aspects at the
expense of understanding of the concepts involved.

(g8) Itleaves to the later study of scientific disciplines in higher education
or employment the balance, meaning and significance that is lacking
in (a) to (f).

(h) It determines its ‘knowledge of worth’ by selecting those concepts
and principles that are logical starting points for learning the increas-
ingly abstracted knowledge that is such a dominant component of
what lies ahead in the continued study of the sciences.

It will be obvious from the way I have described these characteristics that other
sets with quite different priorities and outcomes for the nature of science
curricula are possible and may, prima facie, be more consonant with a science
education for scientific literacy.

Before considering what has happened at the other two broad levels of
schooling where science education occurs, some of the other outcomes of the
senior curricula since the 1960s should be noted.

The quantitative achievements of school science education with respect to
the first target are the more remarkable since they occurred during a period of
unprecedented expansion of higher education in many countries. The supply of
sufficient students from school who have been formally ‘successful’ in science
has, however, turned out to be not wholly satisfying to the subject main-
tenance demand of science faculties in higher education. Since the 1970s a
number of senior university scientists have been expressing dissatisfaction with
the quality of the preparation in science of this elite group of school students.
Furthermore, using rather different criteria, a number of studies that have
involved first year university students have seriously questioned the quality of
their preparatory learning in science. Rote recall seems to characterize their
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conceptual learning rather than depth of understanding or ability to use it to
explain (see for example, Champagne, Gunstone and Klopfer, 1985; West,
Fensham and Garrard, 1985; Brumby, 1981; and Hewson, 1981).

A number of the new curricula for a senior secondary study of the sciences
(particularly those required for further study) have proved to be unattractive to
students. Despite the increased numbers of students studying them (and hence
meeting the first target as described above) there has been a decline, in a
number of countries, in the proportion of the students at school choosing to
study physics and chemistry when these subjects (or science more generally)
cease to be part of a compulsory curriculum. This lack of attractiveness has
been particularly marked in some sectors of the school population such as girls
and students from some social groups who are now participating much more
in these levels of schooling than they were in the 1960s.

On the other hand, certain other senior science curricula that were
developed later in the 1970s along rather different lines and which could have
been more attractive to more students have been strongly opposed, when it has
been suggested that they become the primary source of the science education of
students at these levels. In other words, there has been strong suspicion of the
logical possibility that if science curricula at schools were successful for
widespread literacy in science they should be an adequate base from which to
draw those going on to be science professionals. Accordingly, minor revisions
that leave unchanged the essential character of the disciplinary senior science
courses have been allowed to occur but the more radical changes that the
alternative science courses represented have not been approved. There is, thus,
a great deal of evidence, at least in many of the more industrialized countries,
that the curriculum of science education for the latter years of secondary
education has been shaped to service the top three demands of figure 1 to the
exclusion of the interests of the lower three.

Lower Secondary Science Education

The earlier years of secondary education (roughly for students with ages from
12 to 15) were already, for many countries when they embarked on the 1960s
reforms, part of compulsory schooling and so involved the student populations
for whom the second target is relevant. They may, however, have been
differentiated into streams that already had different ends in view. For example,
in Britain about 20 per cent of this age group were in schools that had the
senior levels of science education that have just been discussed at length, and
the other 80 per cent were in schools without such senior levels and where
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there was an expectation that students would move more directly into the
work force after age 15 or so. In contrast, in the USA there was no such
streaming by schools but a streaming by choice of subject could occur that
affected the science education of many students.

It is thus not surprising that two sorts of science curriculum projects were
developed for the lower secondary years in the later 1960s once the priority
projects for the senior level were sufficiently far advanced.

In Australia, there was JSSP, a course of study that was made up of
sequential modules and in each year there were some for chemistry, physics,
biology, earth science and astronomy. There was also ASEP (sequential only in
the intended learning demand of some of its units) which drew its content in a
more integrated way from a wider range of sciences. In Britain, there were
Nufheld Combined Science and Nuffield Secondary Science, a pair paralleling
in their emphases the two Australian ones. Likewise in the USA, there were
IPS and ISCS in the first category, and ESCP and Environmental Science in the
second.

At these levels the interests of the two target groups were more evenly
reflected in the development resources. Most of these projects claimed that
they were aiming at scientific literacy but the restricted choice of science
content and its conceptual emphasis in the first category ones were evidence of
their continued subservience to a sense of being preparatory to the courses at
the senior level. Wherever streaming of these students has occurred it has also
been notable that the curricula of the first type have almost invariably been
used with the more ‘academic’ streams or, in other words, with those most
likely to go on to further study in science. From the point of view of scientific
literacy for the majority this may have been reasonable although it did mean
that the group of more able students (many of whom in the end would not
continue with science) would not learn the much broader sense of science that
the curricula in the second category contained. In the dynamics of a period
when the purpose of these years of schooling changed rapidly as more of each
age were retained in increasingly comprehensive secondary education, such a
comfortable co-existence could hardly last. The two sorts of science courses
have been hierarchically ranked as to worth so that, from the available evidence
at the end of the 1970s, it is reasonable to conclude that the mainstream
science curricula in these earlier years of the secondary school were char-
acterized by learning emphases that are not very different from those listed
above for senior secondary science. The content for learning in science had
again been shifted from a descriptive and socially practical science to a more
conceptual one. The focus for learning had been largely moved, as at the senior
levels, from natural phenomena and other objects of scientific study and
application to the concepts scientists use to describe them.
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Primary School Science Education

When we turn to science education in the primary school we find a very
different scene. Here, far removed from the point of schooling where the upper
three demands in figure 1 have relevance, the explicit intentions of the projects
of the 1960s were to contribute foundations to the scientific literacy of learners.
In doing this, primary schooling would also provide a broad base of learners
confident in, and ready for, science in the secondary school.

Almost all the projects for this level of schooling were, however, still
within the induction into science approach referred to above. A range of learning
outcomes consistent with this approach was used as the basis for developing
materials. Some, like Concepts in Science and the Science Curriculum
Improvement Study, continued to try to marry conceptual instruction with the
science skills of observing and questioning phenomena and of applying
concepts. Others played down specific concept learning in the interests of the
acquisition of so-called science processes. Some of the latter followed Nufhield
Junior Science in Britain and ESS in the USA and aimed to encourage any
processes that enabled general enquiry and exploration of natural phenomena
to occur. Others followed the lead of Science — A Process Approach in the
USA or Science 5-13 in Britain and set out to develop a set of clearly defined
reasoning skills. The phenomena in association with which this learning took
place were very much secondary in importance to the skill or ‘science processes’
themselves. Some of the topics suggested by Science 5-13, for example, as
appropriate ones to interest learners of these ages also, as it happened, served to
indicate that these skills were not particularly ‘scientific’. (They could certainly
be applied to social phenomena and they are perhaps better described as being
means of rational enquiry or problem solving.) .«

Both sorts of projects encountered great difficulties of implementation
because of the lack of confidence and knowledge of science that teachers at
these levels almost universally have. With so little understanding of the science
concepts themselves, it is not surprising that teachers found it very difficult to
teach how and why they emerge in science. On the other hand, teaching the
‘content-free’ processes required great logistical skills in classroom manage-
ment, and did not seem to be science to these teachers (or to their learners’
parents) for whom science was a body of information they had failed to master
during their own education.

Even on the criterion of ‘preparing for the next stage’ these approaches to
primary science education ‘failed’. The concepts, in the rote form in which they
were largely taught, were topics that already had established places in
secondary curricula, and the process skills were largely ignored by secondary
teachers who did not require them in their students for learning the factual and
conceptual knowledge of secondary science.
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In a few countries a less separate approach was taken to the inclusion of
science in primary schooling. Thus in Thailand it is meant to be part of a major
segment of the timetable called Life Experiences. This does relate it to more
socially relevant phenomena but in practice, in the hands of primary teachers,
this has often reduced science to just a few more facts or definitions to add to
the social content of these topics with which these teachers feel more
comfortable and more familiar.

At a level of schooling where the influence of the political and subject
maintenance demands on science curricula might well be expected to be low,
they have reappeared through the attitudes primary teachers and the secondary
teachers have towards what was proposed as learning of worth in science.

Nevertheless, as a result of the efforts of the 1960s, science has become
more clearly established as a formal part of the overall learning that children are
expected to have in these primary years. There are, however, few reports from
any countries that would suggest that we have yet found in science education
the analogue of the situation in mathematics. That is, everybody outside
primary schools — secondary mathematics teachers, parents, employers,
administrators — identify with and welcome the teaching of the basic
mathematical operations on numbers as wholly appropriate for primary
schooling. Primary teachers, too, accept this as their responsibility and their
only problem is to fulfil it effectively.

Primary teachers seem generally, despite the effort of all the projects of the
1960s and early 1970s, to have been confused and not convinced about the role
of science in the education of the primary learner. In their practice of what is
now often a formal requirement they rarely seem to identify with the
optimistic contention of one of the earliest pioneers in the 1960s who claimed
that science education would be the easiest subject to teach in the primary
school. He argued that it was the only one that almost all children were
prepared for before they start school, namely, they could observe things and
orally report with accuracy what they saw!

Different Learners for Science

In most countries there have been quite significant changes since 1960 in the
socioeconomic characteristics of the school populations for whom science
education is now seen as possible and necessary. This is particularly obvious for
secondary schooling which, in so many countries in the intervening years, has
moved from an elite to a mass phenomenon. However, for science education
the changes have also arisen from quite major shifts in a society’s perception of
who should participate in, and benefit from science education. Thus, the
primary and lower secondary levels of schooling are affected as well as the
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higher levels of secondary in both more and less industrialized countries. They
stem from a push by parents who see more education as a means of societal
gain for their children, and a pull from governments which have encouraged
students to stay longer at school for more general education, for more relevant
skill training, and to reduce the costs and embarrassments of youth unemploy-
ment (a widespread phenomenon since the mid-1970s).

The multicultural character of the school population is now recognized in
a number of European and North American countries and in Australia, New
Zealand and Israel. This population change has arisen as a result of national
economic demands that led to employment policies in the 1960s and 1970s that
involved the parents of these students. The children of the immigrant families
that take these sorts of risks and initiatives often bring attitudes and cultural
expectations to learning in general, and to science in particular, that present
quite new challenges to teachers most of whom come from more educationally
established sectors of the society.

Particularly in the last decade as the feminist movement has gained
renewed vitality, there has been a consciousness and a concern that science
education has been a gender biased (in favour of boys) feature of schooling.
While this concern is most evident in countries that have had a Protestant
Christian tradition, a similar gender bias is obvious in many other countries.
Indeed, in only a small number do girls and boys participate equally at school
in the physical sciences — the gateway subjects to scientific careers — and in
even fewer (Thailand is an interesting case) are their achievements comparable.

In 1960, participation of the children of the poorer families in upper or
elite secondary education (where science education mainly occurred) was still,
in quite a number of countries, essentially restricted to those who gained
scholarships. Since then the proportion of students from lower income families
has increased dramatically, but this rise is often not yet reflected in science
education. This is a matter of serious concern when the changing nature of
work and employment prospects are considered. Mass secondary education is
itself partly a product of the reduced opportunities for traditional skilled and
unskilled youth employment. Unless those, who would in the past have left
school to enter the skilled and unskilled trades, participate more equally in
science education at school, they will find themselves, despite more schooling,
still at a disadvantage later in life as society and its employment opportunities
become more and more technically derived.

These great changes in the culture, gender and class of school populations
for whom effective science education should now be available mean that the
societal realities of the 1980s and beyond are quite different from the ones in
which the reform movement of the 1960s occurred. If those, who are now
responsible for, and concerned about, the quantity and quality of school
science education, can be persuaded that what they seek should be shaped and

16



Some Dilemmas and New Directions in Science Education

implemented as a function of these realities then the déja vu dilemma will be
dispelled. Furthermore, there will be some hope that some of the promising
new directions that are already being trod (a number of which are outlined in
later chapters) will have some chance of gaining mainstream recognition as
science education. As a start we shall need to recognize that the two targets
need their own forms of science education and that the second, with its concern
for all learners, is the key to the first rather than the first being the key to the
second as was the way in the 1960s reforms.

More Specific Dilemmas in Science Education

Limited Access to Experience

In 1960 school science education was outdated and static almost everywhere.
By the late 1980s a majority of the world’s countries have experienced major
reforms or revisions of their science curricula.

Despite its extensiveness, the readily available international literature on
science education does not reflect the richness of these experiences. The great
bulk of the shared literature (curriculum materials, exhortative writing,
evaluation reports and research studies) comes from a few countries that have
English as their first language. Furthermore, some of these countries, such as
the USA, Britain and Australia, have degrees of curricular freedom in their
educational systems that render much of their curricular debate irrelevant to
the majority of countries where the educational systems and hence curricula are
more centralized.

Accordingly science educators face two dilemmas. The first is how to sort
out from the available literature the ideas and outcomes that may apply to their
own schooling contexts. This is not easy when so much of this literature has
assumed that the contexts of origin are transferable or does not even recognize
that context is important. All science teachers have some degree of freedom in
what and how they teach but there are very significant differences in the way
external constraints like national or more local curricula, examinations and
available facilities constrain or encourage the exercise of this freedom. Failure
to identify these constraints and encouragements in most of the reporting has
made the transferability of much useful experience more difficult than it should
have been.

The second dilemma is the sheer unavailability of most of the world’s
experience of science education since 1960. Only small fragments of it are
available for sharing, either because only a few of the reports and materials are
translated, or because there is little educocultural support for such information
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to be made mutually available. This dilemma is particularly unfortunate since
the time sequence for the reform of science education in a number of less
industrialized (and less publicized) countries has turned out to be advan-
tageous. To begin with they have confronted, and hence recognized, more
revolutionary societal changes in schooling whereas the changes in indus-
trialized countries have been more evolutionary and hence less obvious. Then
they have been in a position to learn not only from the ideas that influenced the
well known projects of the 1960s but also from their success and failure in
practice. Furthermore, at least in some of these countries, there has been access
to a wider range of sources and expertise than was available to the earlier
projects. These sources include the internationally available literature on
science education (surprisingly unavailable in parts of the USA and Britain to
judge by the citations of some authors in these countries), regional and
international conferences, international documents and sources such as
UNESCO (more widely known in the developing world than in the developed
world), study tours, consultancies and staff development. It is not really
surprising then, with these advantages, that some excellent developments have
taken place.

The two IEA studies of comparative science education bear testimony to
the quality of the developments in Japan. Thailand has provided very clear
structural support for its efforts in curriculum development and that country’s
remarkable achievements in relation to the gender dilemma seem to be in large
part due to this well planned aspect of their implementation (Fensham, 1986b).

We need more details about what lies behind these and the many other
successes that are known to exist but are not yet in an exchangeable form.

Language and Culture

In the 1960s, as will be apparent from a number of things already referred to,
the social and cultural context of the learners outside the school was not a
factor of concern to the curriculum developers. Perhaps they reasoned that, if
science itself had universal or transcultural characteristics, education in it
would be equally so. On the other hand, it is more likely that, implicitly, these
first developers built into their materials the language and examples that
stemmed from the sub-culture they shared with their essentially middle class
students.

Gardner’s (1971) pioneering work on Words in Science in Papua New
Guinea and Australia (later repeated in the Philippines, Israel and Britain)
began to show the differential advantages that some students have as a result of
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their facility with the language used in science classrooms. Much of this
stemmed from what can be described as the ‘middle’ words of science
discourse. These are not the invented and technical words of science but the
many words like ‘solution’, ‘pour’, ‘energy’, ‘burn’, ‘agent’, ‘volume’,
‘because’, ‘so’, etc. that have meaning in everyday discourse that is different
from, or more varied than it is in science.

The links between language and science education have turned out to be
an exciting field for research and a number of studies have now shown that the
language of learners’ cultures can raise problems for their learning of science.
These problems are particularly acute and obvious in societies where the
language of learning in school is different from the language used at home and
in the wider society. Furthermore, because so much of modern science has been
developed in Western countries its thought forms, concepts, and concomitant
language are consonant with the languages of these societies. For example,
most of these will have words that distinguish ‘heat’ and ‘burn’, and ‘dissolve’
and ‘melt’, but this is not so in many other societies where it has not been
important to have such distinctions in the language. Some of these languages
are, on the other hand, much richer than the Western languages in descriptive
words for familiar objects, but this too can become a handicap when the
scientific description and categorizations of them involve fewer, or even quite
other characteristics.

These problems of language are, however, by no means confined to
‘bilingual’ situations. The many studies of children’s conceptions in science
have often reported the ambiguity that learners encounter between everyday
and scientific usage of words and ideas (Osborne and Freyberg, 1985). Sutton’s
(1979) work on metaphors in science education, and his and Schaefer’s (1979)
interest in what they call the ‘burr’ model of science concepts have also
contributed to our understanding of how language and culture can blur the
precision of the sciences and hence interact strongly with their learning.

Lemke’s (1982) sociolinguistic work on discourse in science classrooms
has opened a window on how analogy can be both a powerful aid and a barrier
to learning science. A few other reports have hinted that there may be major
differences (and hence learning differentials) in the way students from different
social class or ethnic backgrounds respond to the language of enquiry and of
explanation as they are used in teaching science.

In 1981 Wilson produced a bibliographic guide to more than 600 studies
since 1960 that related some aspect of the social and cultural context of learners
to their science or mathematics education. There is no doubt that if we are
serious about science education at school contributing to scientific literacy or
to better understanding of its concepts, much more attention will have to be
given to the role of these sorts of social and cultural factors.
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The Role of Affect in Science Education

Most of the research on the learning of science has assumed that it is
predominantly a cognitive process. Affect has been, however, of considerable
interest as an accompanying learning outcome. Gardner (1975) put some order
into the study of attitudes to science that students acquire as a result of science
studies at school, and the findings of a number of well conducted studies are
now available. A disconcerting number of these show that there is not a ready
link between cognitive learning in science and a positive attitude to science.
Indeed, it seems that often the longer students have studied science at school
the more their attitude to it declined. The unpopularity of some of the sciences
in secondary school has already been mentioned. Such negative attitudes to
science in school are damaging to both targets of science education. Once
again, curriculum developers in the 1980s have to face the evidence of a
dilemma that was blissfully absent in the 1960s. Then it was generally assumed
that learners would respond positively to ‘good’ curriculum materials and
through their learning of science based on them acquire a strong affect for and
an appreciation of science.

In 1985, Gardner (and Lehrke and Hoffman) edited the proceedings of a
conference at IPN in West Germany that brought up to date the many ways
that science as a learning outcome has been explored in the decade since his
earlier work. Affect certainly continues to be of considerable interest as a
learning outcome since it is likely to be an indicator of these future citizens’
responses to science. There is also concern that the relative unpopularity of
science in school does lead to social inequities in the outcomes of schooling and
to a threat to the supply of the specialist work force.

Apart from the oft-reported positive contribution that active participation
in small groups in practical work can make, much less attention has to date
been paid to the role of affect in the learning process itself. A number of the
leading cognitive researchers, such as Novak (1981), White and Tisher (1986)
and West and Pines (1983) have drawn attention to its importance but, as yet,
have not undertaken or reported studies that give others a sense of how it
should be incorporated into learning.

Some of the reports of gender differences in interest are suggestive for
science education. Harding (1983), for instance, draws heavily on Head’s
(1979) findings in suggesting and designing science education that is likely to
be more gender balanced, and others have recently reported projects which
change either or both the classroom context and the social examples that are
used to teach science.

Minssen and Nentwig (1983) and Snively (1987) have reported two small
but intriguing studies of affect in action. They share an unusual emphasis on
the affect learners have for the objects they are learning about in science. The
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former made use of the very different attitudes he found that German students
displayed to various chemical materials and to the shapes in which they were
presented. The latter sought to build into science lessons about the seashore for
primary children a recognition of several sorts of affective dimensions her
research suggested different learners used when they thought about this
complex object of study. We need many more studies of affect in action in the
next few years if we are to harness it as the major factor it undoubtedly is for
improving science education.

New Directions for Science Education

In the chapters that follow many of the new directions in contemporary science
education that are interesting and promising are described. It will suffice
therefore at this stage to mention two that relate to two areas in which quite
major changes occurred as a result of the reform movement in the 1960s. As I
said earlier, areas where change has occurred before may be areas that hold out
more hope for change again.

New Content for Learning

One of the achievements of the 1960s that has been noted earlier is the major
redefinition they gave to the content for science learning in schools and hence
to what became its ‘knowledge of worth’.

The new conceptual emphasis in the content for learning was, however,
by the mid-1970s, being criticized from many sides. Reference has already
been made to dissatisfactions about the quality of the conceptual learning.
Another set of criticisms came from those who were concerned with the
impact of science on society and with the social relevance of its learning to
learners at school. That is, the a-social nature of the science content of the
1960s curricula was seen to be inappropriate in the face of the internationally
recognized Environmentale Problematique and the technological realities of
society (including the many new biomedical ones that are questioning public
views of such fundamental concepts as birth, death and the biology of human
relations).

It is both important and pleasing to be able to note that both these and
other sorts of criticisms have now progressed beyond the polemical stage.
Science educators, out of their own analyses of the outcomes of the 1960s, have
recently developed a number of different schemes that define alternatives for
the content of school science education. Furthermore, a number of current
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curriculum projects are promoting these quite new sorts of objectives as
learning of worth for science at school

Some of these objectives are based on new analyses of the nature of science
and science education (see, for example, Hodson, 1985; Millar, 1988; and Kass
and Jenkins, 1986). Others recognize that knowledge in the sciences is a
socially powerful way of knowing about natural objects and phenomena but it
is nevertheless only one of the ways that various groups in society know about
and deal with them (see for example, Fensham, 1983; and Osborne and
Freyberg, 1985). Yet another group have given a new prominence to the
interfaces between scientific knowledge and society (see Aitkenhead, 1986;
Zoller, 1985; Brumby, 1984; and Ejjkelhof and Koortland in chapter 14).

It is interesting to note that a number of these redefinitions of possible
science content have recognized the discreteness of some of these objectives
and hence their need of distinct recognition in the curriculum and its
supporting materials. There is no doubt they will need their own recognition
in the structure of schooling if most of them are not to be submerged by more
traditionally powerful ones.

Each of these redefinitions of the possible content of school science
education contributes to the idea that science at school should be recognized as
a rich and much more variegated source of human knowledge and endeavour
than it usually is at present. They also imply that a wider range of appropriate
and recognizably distinct aspects of science need to be selected and converted
into a pedagogy that makes up the curricula of school science education if they
are to be effective for most learners. The basic steps in this process are
epistemological tasks of a major order. They are also, I suspect, such radical
ones that they are quite beyond the groups of university professional scientists
to whom we have hitherto turned as sources and for legitimation. The
intensity of the induction into research science of these sorts of scientists has been
such that it is almost impossible for most of them to set it aside and give
adequate value to other ways of encountering science. Elsewhere I have
described my own attempts to step outside the chemistry into which I was
inducted and to see anew how my field of science is about people and products
and raw materials, rich colours, smells and scents, and other social properties of
matter (Fensham, 1984).

I have argued that school science education after the 1960s has been
essentially a form of induction ‘into’ scierice. The suggestions being made for it
now in the 1980s are more aptly described as being a learning ‘from’ science.
These two curriculum processes are fundamentally different. In the first,
teachers who have themselves been inducted into an acquaintance with some of
the conceptual knowledge of science attempt to repeat the first steps of this
process with their students. In the second, science teachers, as persons with
some familiarity and confidence with the corpus of science, act as couriers
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between it and their students. As these students move through school their
experiences in society (home, community and school) change and they
encounter new situations to which science can contribute. It is these student
needs that should determine, in the second process, the messages that the
teacher couriers bring as science education to their lessons.

A number of quite new ways of defining science learning are now
available that leave the 1960s behind. Some of these have already been
translated into new materials and new sorts of ways of teaching. How rapidly
and to what extent these will achieve normative status in school science is yet
to be determined but it does seem that some of them would serve better the
new and different societal imperatives that schools now face. They will,
however, need more than their intrinsic merits to survive the competition
between the differentially powerful interest groups. Structural supports will be
essential. The form in which education in the sciences is made available and is
required in schooling is one such critical support. The examinations, in
whatever form they exist, are another since they so largely determine, for each
school population, what is the ‘knowledge of worth’ in science.

New Notions of Curriculum Development

Science education in the 1960s led to new conceptions of curriculum develop-
ment. Although a number of the recent projects seem to be following similar
conceptions, that is, they will culminate in a ‘package for better science
teaching’, a number of others are quite different. These, compared to the 1960s,
give much more centrality either to the teacher, or to the teacher and the
learner in their conceptions of curriculum development. Teacher development
is what these projects interpret curriculum development in science as primarily
being. It is interesting, however, to compare the rather different views they
have of teachers and learners in the process of science education. Some still
decontextualize teachers and see them as either deficient in science knowledge
or in certain teaching competencies, and set up projects to remedy the
deficiency. They pay no attention to the learners who thus are also perceived as
essentially without context and effectively as ‘tabula rasas’ as far as science
knowledge is concerned.

Others recognize that teaching science is not divisible into ‘teaching’ and
‘science’ in such a simplistic way and are attempting to assist teachers to see
that the teaching of a science concept needs to be related to the ways learners
(and teachers) conceptualize the phenomena it describes. The new ‘didactics’
approach in Sweden (Marton, 1985; Andersson, 1987), some of the CLIS
projects in Britain (see Driver in chapter 7) and the large project at Stanford
(Shulman, 1986) in the USA are different examples within this category.

23



Peter J. Fensham

Some other projects now rest on a still more complex view of the
teaching/learning process. Not only is the teacher ‘teaching science’ but she/he
is also teaching learners what it means to be ‘learning science’. The work of
Novak at Cornell and White at Monash has helped to shape this view and some
examples of the sorts of curriculum development that follow from it appear in
chapters 3, 4, 5 and 6.

A common feature of some of these approaches is networking of
classroom science teachers. This particular reconceptualization of curriculum
development is an encouraging development as it does suggest that its
proponents are heeding the effects of the divorce, so apparent in the 1960s
reforms, between the development of a curriculum and its materials, and its
implementation subsequently in classrooms. It is also saying that the contexts
of the classroom and the school in which the science teacher works are
important features that again were quite discounted in the 1960s. Networking
implies that groups of science teachers need to be brought into association with
each other and with the curriculum developers for the sharing of ideas,
information and experiences. It also leads to a more realistic recognition that
teachers need time and support from outside themselves if such sharing is to
bring about changes in their behaviour and in the learning of their students.
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