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General Editor’s Preface

In what has come to be one of the most important tracts m cducation,
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 1t 1s 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 rationahty, he claimed science was the
knowledge to learn He also gave other reasons mcludig practicai and socal
ones.

Today ther: 1s no need to argue that Science should be scen along with
mathematics and one's own language as a key subject of schooling. It has
become self-cvident.

Even so there 1s much to be debated and discussed when 1t comes to Scrence
Education winch is the subject of this sharply acute, ably constructed and
up-to-date reader. It really 1s a compendium of the best kind. mformative,
comprchensive and likely to be an important stimulus to thovght and action. It
leaves little in th. teachmg of science at all levels unexammed One rnught have
expected such under Peter Fensham’s able editorshap. That he has actually
achieved it must be a cause for great sausfaction 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
Umversity of Birnmngham, 1988
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Foreword

In choosing authors for the chapters of this book I had a number of ~riteria
m mind. Firstly, from my knowledge of hem as persons or from their work
and other writing, I believed that they had important thmgs 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 wh.ch 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, andfor have
recognized the importance of social context and effect as neglected aspects of
saence educ.tion.

Others could also have met these criteria but within the imuts of editorial
coherence 1 wanted a range of national contexts from which the chapters
would be written. In the end, ninc such contexts are included and among these
are India anc Thailand. In my own numerous contacts with su.ence educators
from both industriahzed and less industriahized countries I have been increas-
ingly aware in the 1980s that some of the best organization, effective practce,
and most original insights and innovations are occurring 1n sonic of the latter
countries. Even with the substantial ¢fforts that UNESCO has made over
many years to providc international communication 1n science education, the
developments n science education mn the second group of countries (the
world’s majority) are much less well known than they should be.

In inviting the authors 1 2sked them to focus their contribution on a
particular theme although 1 knew full well that cach of them sces science
cducation more holistically. The selection of these themes for the chapters was,
for me (and no doubt for the authors), a fragmenting of an intcractive 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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have reintorcement of some aspects and a sense of different emphases and
connections about others. They will also mare readily be able to discern how
the tradition from which an author comes, the context m which they hve and
work, and the literatuse 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 mportance school science
cducation is now assuming with a realistic appraisal of what we have learnt m
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 1t 1s 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 edhication and
of some of the interesting possibihtics that scem s1ow to be worth 3 slormg, 1
touch on the various themes that are taken up 1 the subsequent chapters.

Douglas Roberts (chapter 2), using a normative perspective, addresses the
question, What counts as science cducation? In domg so, he sets science
education firmly in a social contexe within which at any time there are a
diversity of stakcholders so that this context is, in fact, not one but many. Each
context has its purpose for science education and this leads to the stakcholders
for cach one choosing to emphasize a particular set of science learnmgs. Science
curriculum pohicy, he argues, is always a compromise among these various
curriculum emphases, and as such presents dilemmas and even sharp confhicts
for the teachers who are iequired to implement it. One of the cmphases
Roberts identifies 15 a science, technology and decistons one that 1s taken up
later in the book by Solomon, and by Enkelhof and Koortland.

John Baird (chapter 3), on the theme of teachers, argucs strongly agams,
the simplistic view that certamn behavioural competences i teachers wall kad to
successful learning in science and for a more complex picture of what and how
teachmg and learnng are determined. Accordingly, he does not see the emiphasis
on the teacher’s ¢ . behaviour in the classroom that has so often been put by
rescarchers and teacher educators (both pre- and m-service) as helpmg us to
undersand the teacher’s role m science education. Instead he sees some recent
developments in metacogmtive rescarch and in particular, action research
projects m which classroom teachers are acuive collaborators, as mportant new
directions for science education research which could lead to improvements in
science teaching.

Dick Gunstone m chapter 4 on learners in science education has addressed
the quite enormous hterature that is now avalable (after only about ten years
of rescarch) on learners’ views about natural phenomena and the conceptions
they hold of the saienufic description of these that are usually included m
schoo! science. He avouds yet another review of this work (stnce a number are
available) by relating and contrasung this recent work, with 1ts generally




Foreword

constructivist oricntation towards sa1enee learners, to the much older Pragetian
line of rescarch on learners. In two o ther parts of this chapter he pursues and
teases out the images of learners and of saence that these constructivist
rescarchers are generatmg and the ways of bringing about coneeptual change
in classrooms that are consistent with therr theoretical position about teaching
and learning.

Bonnic Shapiro, without referring te metacogmtion, and Rosahnd Driver
who docs, both provide in their chapters (5 and 7 respectively ) cxamples of the
sorts of rescarch in science classrooms that Baird 1s advocating. Shapiro,
through her own case study of children m . imary class studymg light,
provides insights into the thinking o young le..  rs of science i context that
goces much further than the alternative framev orks rescarch has been able to do
with 1ts concentration on science concepts, albeit methods that have so often
nvolved individual learners.

Driver and Dick White (chapter 6) have both written on ‘“Theory mto
Practice’. Drves outlines in somie detail her interpretation of the constructivist
view of ear .ng that she (and most of the other authors) ac.nowledges as the
theorctical base for the projects and practices her group 1s undertaking in the
Children's Learning in Science Project m Britain. She describes the way they
have worked with science teachers to develop approaches to fzaching a number
of common science topics that take seriously constructivist principles and what
this sort of rescarch ' s shewn us are commonly held concepions about these
topics.

White’s chapter, also from a constructivist base, moves more freely mto a
less theoretically defined future, or rather one characterized by chamns of
theory -practice-revised theory, cte. He uses the series of rescarch projects
which he has shared with Baird and a number of science teachers to argue a
way forward that could lead to reahistic rescarch m science education that
would not present teachers (as has been so common i the past) w. h credibality
and apphcability gaps, because 1t has been so largely developed and vahdated
by teachers like themselves

In chapter 8 Kulkarni presents a Third World perspective as he addresses
some of the language problems confronung his country, Inda, as it scehs mats
post-colonial independence to universahze education and n particular science
cducation. He outlines various sociohzguistic problems that are starkly
obvious mn his context but which do have thar counterparts m all socictics
where such soctal differentials are often overloohed A number of studies he
and his colleagues have undertakhen are described and these are charactenized by
practical intervennions that have nade positine contributions 1w hat could
have scemed most daunting situations.

Sunce Klainin from Thailand (the discoverer of some remarkable findings
about girls and science education) and Avi Hofstem from Istacl are the authors
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of chapters 9 and 10 on the theme of practical work or the role of laboratory 1n
science education. This theno= is associated with some of the most fascinating
dilemmas of science education. Klainin reminds us of the accepted place the
labaratory has had in school science education 1n some countries for a century
at least, and of the central role 1t was meant to play in the new curricula of the
-960s and 1970s. Nevertheless, as she and Hofstein pomnt out, practical work
was ignored by many of the cvaluators of these innovations, and when it was
considcred 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 th: 3ood assess-
ment pro.edures are now available (Hofstein was a contributor to these), and
that this 1s 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, 1n chapters 11 and 12, address the concerns that are now very
widespread about gender factors in science education. The former focuses on
the maic 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 justufy the general concern that science
education in the schools of mzny countries is a major factor for, rather than a
corrective to, the disadvantages girls and womer so regularly face 1n contem-
norary 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 2nd boys in Norway to pomt to
the depth of the probiems. They arc able, however, also to point to some
features that are encouraging as efforts to redress these imbalances occur. Therr
data on the contributions more girls in science and technology may make to
their practice and image are particularly interesting

Science education  .d technology education are so often now spoken of
together that the Science-Technology-Society theme was obviously an impor-
tant onc to include In chapter 13 Joan Solomon from Britain traces several of
the main mfluences for the current mterest 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 m 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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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 uecurs several
times in the book and is a happy additional outcome of the strategy of asking
two au.. ~s 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 Dilemimas and New Directions in
Science Education

Peter |. Fensham

Introduction

At a time of general cconomic restramt and cutbacks m education, a Learning
in Science Project was setup m New Zealard i 1979 for three years that has so
far been extended to nime, and 1982 Britain’s Department of Education and
Science established the complex and expensive Secondary Science Curriculum
Review. Almost before the last staff, hngerng mto the 1980s after a longish
pertod of depression it American science edacation, had left th.ir posts at the
National Science Foundation, this body, and a number of others in the USA,
wers reviewing and reporting on the state of this field in schools and
establishing new projects to remedy 1ts deficiencies.

In 1984 UNESCO's Regional Office for Asia and the Pacific was asked by
its member states to miake *Science for All"a top prionity arca for development
over the remaming years of the decade. Austraha, onc of these member states,
has lagged behind the efforts that, for example, Thailand, Malaysia, Indoncsia
and the Philippines have been recently putting mto scierce curriculum
developments In 1986, 1t did, however, begin to review 1ts school science
education seriously and several project: with strong govc-nment backing have
now begun Canada, a country with many sinularitics to Austraha, undertook
a very extensive review of 1ts school science education carlier m the 1980s and
its provincial governments are now responding with a number of new
curriculunt inittatives,

Thus list of renewed national concern and activity about science education
in schools could be substantially extended Tt will, however, suffice to testify to
a widespread political and econonue concern, and to a willingness on the part
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of authoritics to provide funds, personnel and other resources for the
improvement of science education mn schools.

Thus situation, with 1ts positive climate of support, should at first sight be a
very pleasing one for science cducators. To many of us 1t does, however,
present one very general dilemma and a great number of more specific ones as
the various aspects of what should be done m this field of curriculum
development are considered.

The general dilemima relates to the fact .hat the 1960s and carly 1970s are
so recent that the very smlar rhetoric and enormous effort that went with the
science curriculum reforms of that pertod have not been forgotten. Even
today’s younger science educators, through their own traming, are aware of
these similaritics because the documentation of that earlier period 15 so
extensive and because its residues in the schools have been their own
experience of learning and tcaching 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, 1n
the USA, and Fawns, 1987, in Australia) there is ample cvidence that the
generation of the 1960s (let alone the 1980s) was certamly not the first to
expect great things for learners at school from science education. There 15 a
strong sense of ddja vu.

The great burst of activaty 1 curriculum development in science began in
Britain and the USA in the late 195Cs and conunued there ull the carly 1970s.
It did much to gve a new meaning to curriculum development and to
professionalize 1ts 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 rapadly spread to many others. Some of them did not, however,
embark on truly indigenous curriculum development ull 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 Britan,
the USA or France were exported, with or without minor adaptation, to the
school systems of other countries where quite different sociopolitical and
soctoeducational needs and demands prevailled. These differences were very
apparent in the countries of the Third World that had only recently gained
their pohitical independaence. Nevertheless, it was the education systems of
some of these (under persuastve advice from now ‘foreign” consultants) that, i a
numbcer of instances, took up these new materials more extensively than did
the schools m their countries ot origin Countries like Austraha and Canada,
which msome senses were socially sinular to the USA, also made extensive use
in some of their centralized provincial school systems of matertals from the
National Science Foundauon's projects m the USA. It can now be scen,
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Some Dilemmas and New Directions in Science Education

however, that this peniod of direct importation of science curricula, even n
these countries, distorted the educatnonal scene and inhibited more appropriate
local developments.

As I wish in a numter 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 1n science education I shall refer to 1t
as ‘the 1960s’ knowing full well, as I have just indicated, that some of 1ts effects
on science curriculum reform were more evident, in fact, m the 1970s.

In the various rationales that were provided for the actvity m science
education in the 1960s and in those for the 1980s two simular .argets arc
addressed. These are a scienufically-based work force and a scienufically
literate citizenry.

The stress on the former 1s quite evident. The Nauonal Science Foun-
dation’s 1983 report ‘Educating Americans for the 21st Century’ sees school
science education as important to produce the scienufic and technologcal
professionals who will enable the USA to compete economically with Japan
This is so remuniscent of the Rickover report in the 1960s although the threat
then was the USSR and in a pohtical 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
cducation, along with more science and technology, as being unquestionably
good things for socicties to have.

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

So 1t is both what the contemporary reports say about science education
and what they omut that heighten the sense of déja vu and contribute to it being
a dilemma for the cfforts that are being made to improve the teaching and
learning of science in schools.

It might be (and it 15 a possibihity that would be quite consistent with the
framework I present a hietle later 1n this chapter), that this déja vu sumply means
that science education 1s now being challenged to do for the coming gener-
ations of school learners what was achieved by the reformers i the 1960s. In
other words, the societal conditions have now so changed that what were good
solutions for scicnce education in the 1960s are now no longer appropriate.

Alas, the dilemma cannot be so simply dispelled for this mterpretation

3
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Peter J. Fensham

assumes that solutions were found m the 1960s to the problems of science
cducation as they were perceived at that ume Unfortunately the record of
achievement from the 19605 docs not support such a pesition. Quite hterally,
by the late 1970s n 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 1t had scemed that all that was veeded were first
class suggestions for what science education in schools should be hke and an
adequate supply of carefully prepared supporting materials (texts, films,
laboratory exercises, ctc). Even when these proved unattractive to the majority
of teachers in countries where they were not mandatory, or were distorted
almost beyond recogmtion 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 mto other attempts to design ‘the package’ of science
cducation that could, when developed, be handed over to teachers to usc n
their schools. Along with this ‘package’ approach to improving science
cducation a number of countries put considerable resources into upgrading
therr school science facilities in the form of more and better laboratory
provision in schools andfor the introduction of ancillary technmical 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
carly 1970s in-scrvice education courses to induct teachers mnto the intentions
of the new science curricula were beng conducted on a large scale m a number
of countrics. Ahmost nvariably these courses were conducted away from the
teachers’ schools, m centres hike universitics and colleges. The perception of the
‘teacher as problem” was of the teachers” own interactions wath the curriculum
package. The contextual features of their parucular schools and classrooms
were not scen 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 Nuffield 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 Rescarch Triangle Institute, 1977).

These, and evaluations from many other countries, were shared at an
international conference i Isracl (Tamur et al, 1979) When the range of
problems that were tachled and when the extent of the implementation of the
proposed solutions are taken mto account, a reasonable summary would be
that success was at best patchy

In Australa, onc of the countrics were schools throughout the country
had been equipped  th new laboratories and techmical assistants, there was
evidence that there woas less practical work m semor secondary science than
carher Only two of the mineteen countries participating in the first IEA study

4

10
ERIC

Aruitoxt provided by Eic:




E

O

Some Dilemmas and Newr Directions in Science Education

of scicnce education (Comber and Keeves. 1973) chose to mclude practical tests
despite the centrahity they were giving to the laboratory in their curniculum
rationales.

I ain not saving that there were no educational achievements as a result of
the 1960s cfforts. Clearly there were a number, and it 1s important to recogmze
the sorts of changes that were possible since these may be the easiest sort to
change again. Equally, however, for the good of what nught be achieved in the
next decade, we would be foolish not to recogmze that we now know that
cffective science education in many of its aspects 1s much more difficult to
achiceve than the reformers of the 1960s ever dreamt.

In an attempt to dispel the déja vu dilemma, I'mtend m this chapter to do
three things. First 1 shall provide a framework for discussing what was
happening and what was achieved 1n the efforts of the 1960s. Next T wall use 1t
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. Fmally 1 shall
point to some of the more specific challenges and developments that scem to
mc to be important to heed if real advances are to be achieved on a wide scale n
school science education.

A Sociopolitical Framework for Science Education

The cuinculum movement of the 1960s has rightly been criticized (for
exampic, Young, 1971, and Waring, 1979, in Britain; Gintis, 1972, and Apple,
1979, 1n the USA; and Bourdicu and Passcron, 1977, in France) for often
behaving as if schooling, and science education in particular, takes place m a
social and political vacuum. The export of science curnicula to which I referred
carlier 1s an example of this attitude. The fact that science does have some
‘untversal’ 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 1s 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 1ts
mampulation in their own societies almost disappeared in the first wave of
these new curnculum matena.s, as did any serious reference to mdustrial and
science applications of science. There was accordingly little or no discussion m
these new science courses of the socal impheations and conscquences of
science (Fensham, 1976). As one further examgle, I can refer again to the
nmaivety project after project displayed in assuming that implementation 1
complex social systems like schools was cssennatly only a function of the
scrence education ‘package’ or of this package and 1ts nteraction wath a science
teaciier, abstracted from the social re2!” ies of herfhis school and classroom.
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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 1ts totality, 1s 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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move into certain professions of high status, socictal influence and econonic
security. Because of the socictal power associated with these positions, we can
call this a political demand on schooling. Again, a hmited but definite number of
persons with scientific skills and expertise are needed 1n any soctety to maintain
and expand a variety of aspects of its economy. This 1s 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
clite and important ficld. 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
subscrvience 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 potenual for school science education
to mect 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. Indecd the possibility exists that
the curriculum of a science ceducation that meets one or several of these
demands may not scrve the interests of the others, Recognition of this
possibility, unfortunately, is still quite rare in the reports and policies of the
1980s as 1t was 1n the 1960s. Without 1t, 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 1n the development
and implementations of the 1960s reforms.

Curriculum Competstion m Action

An example of this competition for science education at school 1s how 1t relates
to tne two disunct 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 soeties and cconomies can keep
pace in a worid where scientific knowledge and technology are berng 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 approprately 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 contribu.ion to the other. That is, as the first target 1s met
and exceeded, school science education is on the way to meeting the second.
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Or, if the sccond 1s met to any significant extent, on the way the first will be
achieved. Just such a simplistic cooperative view of the mteractions of socetal
demands and the curriculum of schooling operated m the reforms of the 1960s.
Under the advice and guidance of well meaning umwversity scienusts and
encouraged by some slogans about the nature of learning that were current at
the tme, the 1960s projects aimed at inducting all learners at school into the
world of the scientist. Not surprisingly, it was the rescarch scientist they chose
as their ‘model scientist’. There was, 1t scems, a genuine belief that both targets
would be met 1f all children, in appropriate ways for their level of schoolng,
were to iearn some of the ideas and some of the ways these sorts of scientists
usc to describe and explore the world. All (or as many as learnt successfully)
wou.ld 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 m the statements of mtent gave way 1n practuice to the mterests the
first target represents. The first curricula to be redesigned m the USA, Britam,
Australia, Canada, Thailand, Malaysia, ctc. were those for the upper sccondary
school — the very level where only those, from whom the speciahist work
force will be drawn, are present at school. By giving priority to the curricula
for this level, the projects were exphatly rejecting the interests of the target
group of scientific iteracy smce very few countrics i the 1960s had a majority
of cach age cohort still at schocl at this level or even most of them studymg
science.

Under their terms of reference which mcluded updating the content of
school scicuce education (long overdue as a resuit of the Sccond World War)
these first projects did suggest radical changes mdeed to what should be
learned The changes did not, however, take the form of a massive mfusion of
recently acquired knowledge from the sciences o - cven of their contemporary
cxplanations or issucs. Rather, these courses and their guiding papers
emphasized the structure of the knowledge of the major disciphnary sciences
and the ways 1t can emerge fiom therr empirical studies.

It so happens that part of tius intended new content for learmng namely,
the concepts and the relatio s between them, was essentiaily what, by this
time, had become firmly entrenched as what university courses m suence were
about In general 1t 1s only these aspects of the proposcd new content that
gamed emphasis when the new courses were implemented n the schools. The
considerable extent of these changes in content can be seen m figure 2 which
shows a content analysis of semor chenustry 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 therr scientist advisers. 1t 1s not thar 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
1940-1230 and some features of the secondary school age
population
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explanation cvolve from empirical findings in science, and the processes of
scientific enquiry were largely ignored by secondary teachers and sccondary
science examiners after all, few undergraduate science courses in which these
teachers are tramed put much weaight on these philosophical, historical or
syntactical aspects of the science disciplines.

It is possible, however, m terms of socictal demands, to understand what
happened once the two choices, of senior secondary courses as the first to be
reformed and of the rescarch scientist as model, had been made.




ERIC

Aruitoxt provided by Eic:

Peter J. Fensham

Subject maintenance meant an emphasts on contnuity of content for
science learning between school and higher education. It meant the choice of
content that would cnsure that students moving from school to further studies
1n science in higher education would have a fanuhianity with the concept words
and relations between them that swould be used and further deve oped i the
first years of specialist training. If they succeeded in becoming scientific
professionals their apprenticeships n research or in technology would, m due
course, provide them with the syntax of their science, so that 1t was not
necessary carlier in school or undergraduate science.

The political and economic demands then turned out to mean that a
sufficient supply of science students for the natton’s needs ts important but that
an oversupply 1s 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 1 science and mathematics. Rather than being welcomed as
a contribution to scientfic 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
techmcal facilities of higher education and in employment (unlike their
counterparts in the humamties) that makes use of their speaalized trainr - in
ways the economy of the ume could not afford.

Accordingly, the science curriculum at these levels was required to be such
that they did prepare cnough 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 remforced by other changes in school
curricula in this period whict have increasingly given the sciences (along with
mathematics) the responsibil:ties 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 summanize e outcome of these demands on school scence
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 tn most, 1f not all, school systems as the science content of ‘most
worth’ for learning.

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

(b) It involves so little fanuliarity with many of these concepts that thar
scientific usefulness 1s not experienced, rather than concepts being
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learnt in the process of exploring their usefulness in scientific and
common life.

(c) Itinvelves 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 mdicated.

(d) It involves an essennially abstract system of scientific knowledge,
using examples of real objects and events to illustrate this system,
rather than using scientific knowledge to clucidate hfe 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 scientfic
knowledge to solve real societal problems.

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

(g) Itleaves to the later study of scienfic disciplines in higher education
or employment the balance, meaning and significance that 1s lacking
in (a) to (f).

(h) It determines its *knowledg~ of worth” by selectmg those concepts
and principles that are logical starting points for learning the mcreas-
ingly abstracted knowledge that is such a dominant component of
what lics ahead in the continued study of the sciences.

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

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 quartitanive achievements of school science education with respect to
the first faiget are the more remarkable since they occurred during a period of
unprecedented expansion of ugher education in many countries. The supply of
sufficient students from school v ho have been formally ‘successful” m science
has, however, turned out to be not wholly satisfymg to the subject mam-
tenance demand of science faculuies in higher education. Swace the 1970s a
number of senior university scientists have been expressmg dissatisfaction with
the quality of the preparation in science of this chte group of school students.
Furthermore, using rather different cniteria, a number of studics that have
involved first year  nversity students have seriously questioned the quality of
their preparatory learming in science. Rote recall seems to characterize therr
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conceptual learmng rather than depth of understanding or ability to use it to
explain (sce for example, Champagne, Gunstone and Klopfer, 1985; West,
Fensham and Garrard, 1985; Brumby, 1981; and Hewso.. 1981)

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

On the other hand, certamn other semtor science curricula that were
developed later i the 1970s along rather different hines and which could have
been more attractive to more students have been strongly oppc +d, when 1t 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 possibihty that if science curricula at schools were successful for
widespread Lieracy m science they should be an adequate base from which to
dra.v those gomg on to be science professionals. Accordingly, minor revi ions
that leave unchanged the essenttal character of the disctplinary sentor science
courses have been allowdd 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 m many of the more industriahzed countrics,
that the curriculum of science education for the latter years of secondary
cducation has been shaped to  ervice the top three demands of figure 1 to the
exclusion of the interests of the lower three.

Lower Secondary Science Education

The carlier 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 mvolved the student populations
for whom the second target :s relevant. They may, however, have been
ifferentiated mto streanes that already had different .nds m view. For example,
mn Britain about 20 per cent of this age group were tn schools that had the
semor levels of science education that have jus been discussed at length, and
the other 80 per cent were 1 schools without such semor levels and where
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there was an expectation that stu nts would move more directly mto the
work force after age 15 or so. In contrast, m 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.

It1s thus not surprising that two sorts of science curriculum projects were
developed for the lower sccondary years i the later 1960s once the priority
projects for the senior level were sufficiently far advanced

In Austraha, there was JSSP, a course of study that was made up of
sequential modules and mn each year there were some for chemustry, physics,
biology, carth science and astronomy. There was also ASEP (sequential only 1n
the ““tended learning demand of sume of 1ts units) which drew 1ts content 1n a
mo: .ategrated way from a wider range of sciences. In Britain, there were
N Teld 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 1n the first category, and ESCP and Environmental Science in the
second.

At these levels the interests of the two targer groups were more evenly
reflected in the development resources. Most of these projects claimed that
they were aiming at scienufic literacy but the restricted choice of science
content and its conceptual emphasis in the first category ones were evidence of
their continued subscrvience to a sense of being preparatory to the courses at
the senior level. Wherever strcaming 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 ‘academuc’ 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 :t 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 scnse 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 eacls
age were retained in increasingly comprehensive secondary education, such a
comfortable co-cxistence 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 1s rcasonable to conclude that -he 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 1n science had
again been shifred from a descriptive and socially practical science to a more
conceptual - ..e. The focus for learning had been largely inoved, as at the senior
levels, from natural phenomena and other objects of scienufic 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 nase of learncrs
‘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 consisterit with this approach was used as the basis ‘or developing
materials. Some, like Concepts in Science and the Science Curriculum
Improvemer* Study, continued o try to marry conceptual instruction with the
science skil.. 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. Som < he latter followed Nuffield
Junior Science in Britain and ESS in the USA a.d aimed to cencourage 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 sct 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 mnterest 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 difficultics 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 themsclves, it 1s 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 scem to be science to thesc teachcrs (or to their learners’
parents) for whom science was a body of information they had failed to master
during their own cducation.

Even on the criterion of ‘preparing for the next stage” these approaches to
srimary science education ‘failed’. The concepts, in the rote form in which they
were largely taught, were topics that already had established places in
sccondary curricula, and the process skills were largely ignored by secondary
teachers who did not require them 1n 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 scheoling. Thus in Thailand it 1s meant to be it of a major
scgment of the timetable called Life Expericnces. This does relate it to more
socially relevant plienomena 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
comfortabl: 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, sciencs 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 — idendfy 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 1s to fulfil 1t effectively.

Primary teachezs scem 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 1s
now often a formal requirement they rarely seem to identufy with the
optimistic contention of onc of the earliest pioneers 1n the 1960s who claimed
that science education would be the eastest subject to teach in the primary
school. He argued that 1t was the only one that almost all children were
prepared for before they start school, namcly, they could obscrve things and
orally report with accuracy what they saw!

Different Learners for Science

In most countrics there have been quite sigrificant changes since 1960 1n the
sociocconomic characteristics of the school populations for whom science
educatiou 1s now seen as possible and necessary. This is particularly obvious for
sccondary schoohng which, in so many countries in the intervening years, has
moved from an clitc to a mass phenomenon. However, for science education
the changes have lso arisen from quite major shifts in a scciety’s perception of
who should participate in, and bene§t from science education. Thus, the
primary and lower sccondary levels of schooling arc affected as well as the
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higher levels of secondary m both more and less industrialized countrics. They
stem from a push by parents who sec more education as a means of societal
gain for therr children, and a puii from governments which have encouraged
students to stay longer at school for more gencral education, for more relevant
skill training, and to reduce the costs and embarrassments of youth unemploy-
ment (a widespread phenomienon since the mid-1970s).

The multicultural character of the school population . now recogmzed in
a number of Europcan and North American countries and 1n 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 1n the last decade as the femimst movement has gained
renewed vitality, there has been a conscicusness and a concern that science
education has been a gender biased (in favour of boys) feature of schooling.
While this concern 1s 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 scientfic careers — and in
even fewer (Thailand 1s an interesting case) are their achievements comparable.

In 1960, parucipation of the children of the poorer families in upper or
clite secondary education (where science education mainly occurred) was still,
in quitc a number of countries, essentially restricted to those who gained
scholarships. Since then the proportion of students from lower income famlies
has increased dramatically, but this rise is often not yet reflected in science
cducation. This i5 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 skillec: 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 1n life as society and its employment opportunitics
become more and more techmcally derived.

These great changes in the culture, gender and class of school populations
for whom cffective science educauon should now be available mean that the
societal realities of the 1980s and beyond are quite different from the ones 1n
which the reform movement of the 1960s occurred. If those, who arc rew
responsible for, and concerned about, the quantity and quality of scnool
science education, can be persuaded that what they seck should be shaped and
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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 .eir 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
sccond 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.

Despute 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 materals, exhortative writing,
cvaluation reports and rescarch studics) 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 litcrature 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 1n
what and how they teach but there are very significant differences 1n the way
external constraints like national or more local curricula, examinations and
available facilities constrain or encourage the exercise of this freedom. Falure
to idenufy these constraints and encouragements in most .. the reporting has
made the transferability of much useful experience more difficult than 1t should
have been.

The second dilemma is the sheer unavailability of most of the world’s
experienice of science education since 1960. Only small fragments of it are
available for sharing, cither 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 1s particularly unfortunate since
the time sequence for the reform of science education in a number of less
industrialized (and less publicized) countrics 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-
triahized countries have been more evolutionary and hence less obvious. Then
they have been 1n a position to learn not only from the ideas that influenced the
well known projects of thie 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 eauuicr
projects. These sources include the internationally available literature on
science education (surprisingly unavailable in parts of the USA and Britain to
judge by the ctations 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 1n the developed
world), study tours, consultancies and staff development It is not really
surprising then, with these advantages, that some cxcellent 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 1n relation to the gender dilemma scem to be in large
part due to this well planned aspect of their implementation (Fensham, 1986b).

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

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 1t
would be equally so. On the other hand, 1t 1s more likely that, implicily, these
first developers built mto their materials the language and examples that
stemmed from the sub-culture they shared with their essentially middle class
students.

Gardner’s (1971) pionecring work on Words in Science in Papua New
Guinea and Australia (later repeated in the Philippines, Israci 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 lhke ‘solution’; ‘pour’, ‘cnergy’. ‘burn’, ‘agent’, ‘volume’,
‘because’, *so’, etc. that have meaning 1n everyday discourse that 1s different
from, or more varied than 1t 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 lcarners’ cultures can raise problems for theis learning of science.
These problems are particularly acute and obvions 1n socicties 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 1ts thought forms, concepts, and concomitant
language are consonant with the Janguages of these societics. For example,
most of thesc will have words that distinguish ‘heat’ and ‘burn’, and ‘dissolve’
and ‘melt’, but this is not so 1 many other societies where 1t has not been
important to have such ¢ stinctions 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 1n science
have often reported the ambiguity that learners encounter between cveryday
and scientific usage of words and ideas (Osborne and Freyberg, 1985). Suttor's
(1979) work ou metaphors in science education, and his and Schaefer’s (1979)
interest in what they call the ‘burr’ model of scicnce 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
difterences (and hence learning differentials) in the way students from different
social class or cthnic 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 socal and cultural context of learners
to ther science or mathematics education. There is no doubt that 1if we are
serious about science education at school contributing to scientfic hteracy 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 rescarch on the learnmg of science has assumed that 1t s
predommnantly a cogmtive process. Affect has been, how ever, of considerable
interest as an accompanymng learming outcome. Gardner (1975) pat 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 cogmtive learning 1n science and a positive attitude to science.
Indeed, 1t scems that often the longer students have studied science at school
the more their attitude to 1t declined. The unpopularity of sume of the sciences
in seccondary school has alrcady 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 1t was generally assumed
that learners would respond postuively to ‘good’ curriculum materials and
through their learning of science based on them acquire a stiong affect for and
an apprectation 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 1n the decade since s
carlier work Affect certainly continues to be of considerable interest as a
learning outcome since 1t is hkely to be an indicator of these future citizens’
responses to scrence. There is also concern that the relauve unpopulanty 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 partiaipation
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 cogmitive researchers, such as Novak (1981), White and Tisher (1986)
and West and Pines (1983) have drawn attention to 1ts importance but, as yet,
have not undeitaken or reported studies that give others a sense of how 1t
should be incorporated into learning.

Some of the reports of gender differences m interest are suggestve for
science education. Harding (1983), for instance, draws heavily on Head’s
(1979) findings 1n suggesting and designing scicnce education that 1s hikely tw
be more gender balanced, and others have recently reported prowcts which
change cither or both the classroom context and the social examples that are
used to teach science.

Minssen and Nentwig (1983) and Smvely (1987) have reported two small
but intnguing studies of affect in acon They share an unusual emphasis on
the affect learners have for the objects they are learnmg 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
rescarch suggcested different learners used when they thought about this
complex object of study. We need many more studies of affect i action 1n the
next few years 1f we are to harness it as the major factor 1t undoubtedly 1s 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 pronusing 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 1
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 achicvements of the 1960s that has been noted earlier 1s 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 inapproprate in the face of the internationally
recognized Environmentale Problematique and the technological realities of
society (including the many new biomedical ones that are questioning pubhc
views of such fundaraental 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 analy ses 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

21

-
s
~
o




O

ERIC

Aruitoxt provided by Eic:

DPeter J. Fenshain

curriculum projects are promoting these quitc new sorts of objectives as
learning of worth for science at school

Some of these objectives are based on new analsses of the nature of science
and science education (see, for example, Hodson, 1985; Millar, 1988; and Kass
and Jenkins, 1986). Others recognize that knowledge 1n the sciences 1s a
socially powerful way of knowing about natural objects and phenome,.a but 1t
is nevertheless only one of the ways that various groups in society know about
and deal with them (sce for example, Fensham, 1983; and Osborne and
Freyberg, 1985). Yet another group have given a new prominence to the
nterfaces between scientific knowledge and socicty (see Aitkenhead, 1986;
Zoller, 1985; Brumby. 1984; and Eijkelhof 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 curnculum and 1ts
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 « f 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 offective for most learners. The basic steps in this process are
cpistemological 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 ir1t0 research science of these sorts of scientists has been
such that it is almost impossible for most of them to set 1t aside and give
adequate value to other ways of cncountering science. Elsewhere 1 have
described my own attempts to step outside the chemistry into which I was
inducted and to sce 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 ‘mto’ science. The suggestions being made for it
now in the 1980s arc more aptly described as being a learning from’ science.
These two curriculum processes are fundamentally different. In the first,
teachers whe have themseives been inducted into an acquaintance with some ot
the conceptual knowledge of science attempt to repeat the first steps of thus
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 < ol their
experiences in socicty (home, community and school) change and they
encounter new situations to which science can contribute. It is these student
necds that shouvld determine, in the second process, the messages that the
teacher couriers bring as science education to their lessors.

A number of quitc new ways of defining science learning arc 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 1n school science 1s yet
to be determined but it does seem that some of them would scrve 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 1s
required in schooling is onc 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 Curniculum 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 sinular
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 morc 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 m science as primarily
being. It 1s interesting, however, to compare the rather different views they
have of teachers and learncrs m the process of science education. Some still
decontextualize teachers and see them as erther deficient 1n science knowledge
or m certain teaching competencies, and set up projects to remedy the
deficiency. They pay no attention to the learners who thus are also perceived as
essenttally without context and effectively as ‘tabula rasas’ as far as science
knowledge 1s concerned.

Others recognize that teaching scicnce is not divisible into ‘teaching’ and
‘science’ i such a sumplistic way and arc attempting to assist teachers to sce
that the teaching of a science concept needs to be related to the ways learners
(and teachers) conceptuahze the phenomena it describes. The new ‘didactics’
approach in Sweden (Marton, 1985; Andersson, 1987), some of the CLIS
projects in Britain (sce Drives in chapter 7) and the large project at Stanford
(Shulman, 1986) in the USA are different examples within this category.
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Some other projects now rest on a still more complex view of the
teachir.z/learning process. Not only 15 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 1t appear n
chapters 3, 4, 5 and 6.

A common feature of some of these approaches 1s networking of
classroom science teachers. This particular reconceptualization of curriculum
development is an encouraging development as 1t 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 1ts
implementation subsequently in classrooms. It is also saying that the centexts
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 ume and support from outside themselves 1f such sharing 1s to
bring about changes in their behaviour and in the learning of their students.
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What Counts as Science Education?

Douglas A. Roberts

Introduction

This chapter develops a way to make sense ot events mvolved 1n shaping the
content for science education. Many people contribute to this shaping.
Cc.nmittees appointed by government departments and nunistries of edu-
catton do so, when they formulate curriculum policy for science education,
Writers and publishers of scicnce textbooks and curriculum mmov ations do so,
when they produce materials for student and teacher usc. Science teachers'
associations do so, when they formuiate and promote position statements
about science education. Curriculum commuttees in schools and school systems
do so, when they develop science course guides and other resources. Uni-
versity professors do so, when they teach science and science education to
beginning and experienced teachers. And science teachers, m their turn, 4o so,
when they teach.

Of these, the first and last mentioned are the two areas of focus 1 this
chapter: the shaping done by legiumated (authorized, warranted) currt lum
policy rakers for educational junsdictions, and the shaping done by classioom
teachc.s It is tempting to search for understanding in two bodies of research.
onc on educational policy formation and the other on curriculum rmplementa-
tion. My intent, however, is not to draw from that research to any significant
extent. Instead, the chapter aims to provide an amalyucal framework for
understanding whar 1s involved for policy makers, and for saence teachers,
when they shape answers to the question. What counts as science education?
To accomphish thus task, the chapter proceeds through three major argumenta-
tive moves.

I The question itself — namely, ‘What counts as science cducation?’ — 1s
tackled first, to tease apart what sort of question 1t 1s and why the
answer seem:s to depend on who is asked.
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2 The formulation of official (authorized, warranted) policy for science
education 1s examined next, emphasizing that the most mmportant |
features of tlus sociopolitical process consist of satisfying the demands
of those with a stake m the outcomes of science teaching — hereafter J
referred to as ‘stakcholders’. Those holding a stake in science education |
include teachers, students, parents, prospective employers, and uni-
versities Their deniands are multiple and often are in conflict, requir-
ing choices and compromuses not casy to accommodate in a single
policy statement. (Also, the final form of the policy statement will
depend on which stakeholders are consulted and on how much weight
1s given to whose position.) Making sense of what happens m this
process provides one way to look .t the shaping of what counts as
science education.,

3 The role of science teachers i shaping what counts as science
education 1s considered from two points of view: teacher iterpreta-
tions and teacher lovalties. The first develops a way to analyze teacher
understanding of what science education means — a conceptual or
ntellectual component of science teachers” reasoning The second
explores a value-laden component of teacher reasoning, in scarch of an
explanation for the fact of teacher allegiance to some meanings for
science education but not others.

|
|
\
|
|
\
|

In recent years phrases hke “screntific L.ieracy” have emerged as umbrella goals
for sctence education, apparently offering the potential to shape avtomatically
w hat counts as science education, thus doing away with all the messmess of
polhicy formulation These phrases have often commanded a remarkable
amount of consensus yet they are educational slogans rather than definitions
Hence they defy accurate specification and do not remove the problems policy
makers have i adjudicating amongst the conflicing wishes of stakcholdes —
cven though they appear to many to hold out that promise Such slogans
cannot automatically shape what counts as science education

Such a Sticky Question

What counts as science educ tion? It scems to be such a straightforward
question. There showd be a definttive answer. Yet consider for a moment that
the question can be taken m two ways.

First, the question could be askmg for an account of what 1s done in the

name of science education m some setting — an educattonal junsdict.on, a
|
28 |
|
|
|
. |
o a, ‘
|
|

- ERIC




ERI

Aruitoxt provided by Eic:

What Counts as Science Education?

school, a teacher’s classroom Suppose a rescarcher observes and nterprets
what is going 0., and reports that *X counts as science education here’. This
can be called an empirical thrust or sense of answering the question, the answer
can be found by going out and looking. Interestingly, for a given educational
Jurisdiction the researcher might find that science curriculum policy suggests
onc answer, while external examinations required of students suggest another,
observation in a few classrooms suggests a tlurd, interviews with teachers
suggest yet a fourth, and mterviews with students suggest another answer still.

Sccond, the question could be asked in a nonmative sense. ‘What (properly)
~ounts as science education?”. It is this sccond scuse that is most appropriate for
consideration in the present chapter. Science curriculum policy makers speafy
what it is proper to couni as science education, when they formulate policy.
That 1s their mandace. Likewnse, teachers when they teach are doing what they
think counts properly as science education. (No teacher dehberately nms-
educates ) The normatve sense of getting an answer to the question, then,
expresses sonething other than an empirically deternuned comment about
what is going on, it expresses the value positions people honour and believe n.
‘What counts as science education’, when stated normatvely, expresses the
point that people are willing to put their weight behind the particular
formulation they espouse. this, th:y will say, 15 what (really) counts as science
education.

Still, can there not be a definitive ansswer to the Juestion — an answer that
will be binding on everyone involved, from policy makers through to teachers?
One strategy that comes to mind rnight av 'y is to start iisting science topics —
cell theory, chemical bonding, Newton's 1av/s of 11oucn., contimental drift —
and then find out wlich ones command the a reemunt of the most people (the
so-called Delphi technique). Evar: if several wrations were usad. a strategy
based on the Delphi techmque would fail, for two reasens

I A universal, general answer is being sovght. Yet all science ¢-achers
know that they make choices in the classtoom about the science toDmCS
they teach, how much depth is 2pprepnate for which students. and so
on, according to the umque requizements of their teachmng situations.
Chances are, therefore. that st worild be impossible to find even two
teachers who would eitk:2r agree upon, or be w:llmg to be bound by, a
smgle list of science topics as a defimtion of what counts as science
education for all of therr students.

No one teaches a saience topic in a vacuum. Science topics are taughtn
the context of a purpose for lear g them — a curricular context such
as preparing for ann csity, understanding famihar technological pro-
cesses and devices, developing ‘process skills”, or coming to sce how

o
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scientific knowledge is generated and changed over time. These
curricular contexts (whicih will later be called curriculum emphases) are
themsclves objects of choice for science education. The shaping of
what connts as science education thus mvolves making choices about
contexts, or curriculum emphases, as well as topics.

Would the augmented list-of-science-topics-and-curriculum-emphases
approach work if a massive vote were held of all of the stakcholders in science
education world-wide? Would 1t work 1f a panel of experts were asked to
adjudicate the question of which topics and which curriculum emphases to
include and which to exclude? Would it work if more research were done —
for instance on what topics students can learn best at what ages?

All of these approaches have been either tried or advocated at one time or
another 1 the history of science education, but all of them are wronghcaded.
Shaping what counts as science education is not the kind of procedure that has
a general universal outcome for ‘the world’. Outcomes of the procedure have
to sutt the requirements of unique situations, ultimately the unique situations
of individual teachers’ classrooms but intermediately the unique situations of
different educational jurisdictions. This is to say that the matter of deading
what to teach is a problem in the realm of human affairs which Anstotle
labelled ‘the practical’ — meaning tae kind of problem that must eventuate in a
defensible decision tailored to a unique situation In the pursuit of such
a dzciston, generalized information might be helpful, but 1t has the status of
a consideration rather than an answer.

So the sticky question ‘What counts as science education?’ has threc
characternistics. First, the answer to 1t requires that choices be made — choices
among science topics and among curriculum emphases. Second, the answer1s a
defensible decision rather than a theoretically determined solution to a problem
theoretically posed. Third, the answer is not arrived at by rescarch (alone) nor
with universal applicability, it 1s arrived at by the process of deliberation, and
the answer 1s umquely tailored to individual situations. Hence the answer to
the question will be different for every educational junisdiction, for every duly
constituted deliberative group, and very hkely for every scence teacher.

‘Authorized’ Shaping of What Counts as Science Fducation;
Making Sense of Curriculum Policy Making
What Is Science Curviculum Policy?

Saence curriculum policy making 1s an area of science education that has begun
to recetve the attention of researchers only recently. Nonetheless, for purposes
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of this chapter it must be acknowledged that science curriculum policies are
official, legally binding statements of what counts as science education. At
least, they are wherever they arc issued, for «xample, by provincial depart-
ments or ministries of education in Canada and state departments of educa. “n
in the United States.

Virtually every educational jurisdiction in the world has its ways of
making science curriculum policy known to its schools. The document
intended to communicate policy may be a syllabus which specifies scicrice
topics. Or it could be a ‘curriculum guideline’ that lists, in addition to science
topics, some irtended outcomes for learners (the ‘objectives’) in terms that go
beyond understanding of the topics themselves. Consider an example of such a
list of objectives, as these were made policy for schools in the Canadian
province of Alberta in the late 1970s. (The policy stateraent is currently being
revised.) In addition to specifying required and optional science topics for each
science course in grades seven through twelve, the policy includes the
following statement.'

The objectives of Secondary School Science are:
1 To promote an understanding of the role that science has had
in the development of socicties:

() history and philosophy of science as part of human
history and philosophy;

(b) interaction of science and technology;

(c) effect of science on health, population growth and dis-
tribution, development of resources, communication and
transportation, ctc.

2 To promote an awarencss of the humanistic implications of

science:
(@) moral and ethical problems 1n the u.e and misuse of
science;

(b) science for leisure-time activ itics.
3 To develop a critical understanding of those current social
problems which have a significant scientific component 1n
terms of their cause and/or their solution:
(a) depletion of natural resources;
(b} pollution of water and air;
(¢) overpopulation;
(d) 1mproper use of chemicals,
(¢) science for the consumer.
4 To p:omote understanding of and development of skill in the
methods used by scientists:
(@) precesses in scentific enquiry such as observing,
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hypothesizing, classifying, experimenting, and interpret-
ing data;
(b) intellectual abilities such as mtuition, rational thinking,
creativity, and critical thinking;
(c) skills such as manipulation of materials, communication,
solving problems 1n groups, and leadership.
5 To promote assimilation of scientific knowledge:
(a) emphasis on fundamental ideas;
(b) relevance of saentific knowledge through nclusion of
pracuical applications;
application of mathematics in science;
interrelanonships between the saences;
(¢) open-endedness of science and the tentativeness of sci-
entific knowledge.
6 To develop atutudes, interests, values, appreciations, and
adjustments simmlar to thosc exlubited by scienusts at work.
7 To contribute to the development of vocational knowledge
and skill:
(a) science as a vocation;
(b) science as background to techmecal, professional, and
other vocations.

&o

These seven objectives do not speaify science topics; carhier I referred to
them as contexts m which science topics are taught. In this case they have been
mandated as science curriculum policy, therefore, so long as the policy remains
in force, they are part of what counts as science education for the province of
Alberta The pomt is clear, then: what counts as science education 1s not just
science topics. It never has been and, indeed, the content for any school or
university course is never ‘ust the subject”. Imphcit (and sometimes exphict) n
the way the subject 1s taught are reasons or purposes for students to learn it —
curricular contents in wlnch they are to understand the subject. ‘

Thus students not only learn a subject, they also learn some fringe-benefit
lessons at the same time — meluding the reason the teacher or professor (or
curriculum policy maker) believes students should learn the material. For
example, the lesson of the day may focus on the theory of chenncal bonding,
but the imphatfexplhicit reason for learming 1t could be (aj this 1s an important
part of your preparation to learn more chenustry (Alberta objective 3(a)), or (b)
the chenmcal bond is an mgenmious coneeptual invention allow ing us to explam
why substances cling to cach other with differing degrees of tenaaity (Alberta
objective 6), or (¢) the chemucal bond 15 an abstraction which permuts us to
account for certam data (Alberta objective 4(a)), or perhaps (d) now we have
the scientific bockground to understand certan technological processes
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involved in, say, making some types of ‘miraculous’ houschold glue (Alberta
objective 1(b) or 5(b)). Snch fringe benefits to the main lesson will be referred
to as meta-lessons, following Schwab’s usage.?

Conceptualizing what counts as science education thus requires that two
components be considered (much hke one identifies two scparate strands 1n a
twisted-pair cable): the topics (or lessons) and the curricular contexts (or
meta-lessons) Furthermore, anyone concerned with shaping what counts as
science education can choose the meta-lessons as well as the topics. When a
substantial sequence of science topics (say, five or six werks’ worth) is taughtin
the context of a sclected, consistently related set of meta-lessons (say, about
understanding the way scienufic knowledge is generated), the instruction
develops for the students what 1 have called a curriculum emphasis. Just as onc
can imagine planning a science course by ‘chunking’ the lessons (science topics)
coherently into extended blocks of instruction, one can imagine also ‘chun-
king’ the meta-lessons, in order to gwe coherence to a similarly extended
treatment of the curriculum emphasis. As demonstrated 1n the next section, the
relationship between science topics and curriculum emphases can be scen
clearly in science textbooks.

Based on the sample from Albeita and the discussion above, two points
nced to be reiterated. First, a science curriculum policy can be seen to consist of
two components: scicnce topics, and objectives which embody curriculum
emphases. (Even a syllabus has an objective and expresses at least one
curriculum emphasis.) Second, t e matter of which topics are to be taught n
the context of which curriculum emphases is not addressed in the Alberta
policy used here as a sample. Nerther 15 it specified how much attention 1s to be
given to each of the major categories of objectives. So, even though there has
been cuthorized shaping of what counts as science <ducation, much has been
left to teacher interpretation and to other factors (what 1s stressed n provinaal
examinadons, which textbooks and other materials are approved for classroom
use, etc.). Let us turn next to the blending of science topics and curriculum
emphases as scen in textbooks.

Science Topics and Curriculum Emphases
Why are we learning this stuff?’

Formulating a sausfactory answer to that student query frequently causes
science teachers a great deal of discomfort. Yet, students do ask the question,
and thereby remind us of a point already made. that these is raore to science
education than science topics alone. To illustrate the point and its significance,
let us use that ancient and venerable teaching device, the textbook.
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Consider two science textbooks, written for students in grade ninc, that
deal with the topic of heat. Both deal with basic principles that summarize a
scientific understanding and cxplanation of thermal phenomena — such
famuliar 1tems as the tiirec means by which heat travels, the basic points of
kinetic-molecular theory, and the differences between heat and temperature.
Yet the one text embeds the science topics in a series of discussions about ways
in which the principles can be seen to apply in the technology of everyday hfe,
explaining, for example, the workings of convection currents 1n hot water
heaters and the differential expansion of bimetallic strips used 1n thermostats,
the other embeds the same topics 1n astory hine show ing that the caloric theory
of heat has been replaced by kinctic-molecular theory in the development ot
physics. The first text teaches the student that the purpose of learning the
science 1s to be able to understand famuliar everyday gadgets. The second gets
across the message that one learns science in order to understand how scientific
Lnowledge develops.?

Whenever one finds two textbooks that treat the same topics yet have a
distinctly different ‘flavour’, one can be sure 1t is the curriculum emphasis, or
purpose for learning the materidi, that is responsible for the difference. The
same is true of teaching: a curriculum emphasis, by the very nature of
cducation, is always present. (Science textbooks and teaching which seem to
present nothing but ‘straight content’ also teach the student a message about
the purpose of learning' Learn: the stuff for its own sake.)

Curriculion emphases in science education

Seven curriculum emphases can be found 1n the history of science education
practice in elementary and secondary schools in North America.* In what
follows, a brief description and an example are provided for cach, in ordcr to
clanify what the curriculum emphases are and the manner in which science
topics are contextualized within them

An Everyday Copimg emphasis directs science teaching towards the
student’s use of science to comprehend objects and events of fairly obvious
importance. Topics in biology, for instance, can be organized and taught so
that the student’s purpose 1n learning them 1s to understand the functioning
and intelhgent care of the human body. Chenustry topics can be taught 1n the
service of knowing abour familiar chen.ical processes which occur in the home,
the automobile, and industry. Physics topics can be onented to show how
various common home devices — such as the telephone, the furnace, or the
electric iron — function and can be maintained. The emphasiz was common
North Amierica in the 1930s and 1940s. Notice how the science topics m the
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following passage from a 1939 textbook are contextuahized in this curriculum
emphasis.

Chinooks probably give Alberta a greater variety of winter chimate
than is found anywhere clse in the woild These prevailling westerly
winds sweep mn from the Pacific Ocean [hey are warm, moisture-
laden winds that hit the mainland of Brinsh Columbia. As they ascend
the mountains, they become cooler and the water vapour is conden-
sed. Fog forms and is followed by rain and snow. As the air ascends
the mountains, the pressure on it 1s decrcased. Hence, it expands. This
expansion results 1n cooling .... Cond.nsation of the vapour to ran,
and also the formation of snow raise the temperature of the air ... On
the eastern slopes, the pressure on the descending air increases, and the
resulting contraction is followed by a higher temperature.®

A Structure of Science emphasis, common 1 the American and Briush
science curriculum reforms of the late 1950s and 1960s, orients teaching in
such a way that the student comes to understand how science functions as an
intellectual enterprise. Attention 1s given to the relationship betwecen evidence
and theory, the adequacy of a model to explain phenomena, the self-correcting
features of the growth of science, and stmilar matters relating to the way in
which scientific knowledge is developed. Here 1s a sample.

Gases are found to react in stmple proportions by volume, and the
volume of any gaseous product bo>rs a whole-number ratio to that of
any gascous rcactant. Thus, o rolumes of hydrogen react with
exactly one volume of oxygen to produce exactly fuo volumes of water
vapor (all at the same temperature and pressure). These integer
relationships naturally suggest a particle model of matter and, with
Avogadro’s Hypothesis, are readily explained on the basis of the
atomic theory.... All of contemporary chemica! thought 1s based upon
the atomic model and, hence, every successful chemical interpretation
strengthens our behef in the usefulness of this theory ®

A Science, Technology and Decisions emphasis brings out the interrelatedness
among scientific explanation, technological planning and problem solving, and
decaision making about practical matters of importance to society. Currently
this emphasis 1s receiving a great deal of attention under such names as ‘science
in a soaal context’ and ‘STS’ (science-technology-society). The sample
textbook passage below follows after a thoiough explanation of how eut-
rophication occurs in lakes, the cffects of that process, and the role played by
phosphates.

What can be done about phosphates 1 laundry and dish-washing
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detergents? Recall that they are added to control pH and to prevent the
formanon of precipitates of hard-water 1ons with the detergent
molecules. An extensive scarch is under way for a non-phosphorus
compound that will perform these functions. The leading candidate
for a phosphate substitute was sodium nitrilotriacetate, NTA, whose
structure is [diagram of molecular structure presented here}. .. Fora
while, NTA appeared to be an ideal substitute for phosphates and was
beginning to replace them in detergents during 1970. However,
during December 1570, the detergent industry halted the use of NTA
after it was found that NTA in combination with heavy metals such as
mercury and cadnuum causes increased mfant mortality and terato-
gemic effects i rats and mice. ... That’s where things stand today
Phosphates are under attack by many governmental uwmts and
environmental groups. Some localities have banned the sale of
detergents that contam phosphates, but NTA IMay cause niore serious
problems than the phosphates. .. Both the detergent manufacturers
and the housewives are lett n a quandary as to the choice of a washing
product that is both safe m the houschold and unlikely to cause
environmental degradation.”

”

The Scientific Skill Development emphasis has science topics taught in the
service of developing sophisticated conceptual and mampulative skills —
collectively labelled as ‘scientific processes’ — such as observing, measuring,
experimenting, hypothesizing, etc. It represents an emphasis on the means of
scientific inquiry Here is a sample whick deals wath the skill of classification.

Lmnacus grouped as a species those organisms which he felt were very
simular in structural features. But just how similar must the organisms
be in order to be classified as the same species? ... [Here some clusters
of similar-looking animals are depicted, but their slassification 1 not
what one would expect from their appearance and there are speaific
comments about that.] . Appearances can be decewing. Clearly
something more than similar structural features is needed to classify
organisms mnto species Today a species (plural also species)1s defined as a
group of mdividuals that are alike in many ways and interbreed undev natural
conditions to produce fertile offspring. Fertile means that the animals are
capable of producing oftfspring. This means that members of the same
species can, if left alone in their natural environment, mate with one
another to produce offspring which, m turn; are also able to produce
oftspring Members of different species cannot fulfill all these condi-
tions.®
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The Correct Explanation: mphasis concentrates on the ends of scientific
inquiry, rather than the means. The emphasis 1s fanuliar to anyone engaged in
science teaching as the ‘master now, question later’ approach. This is one
emphasis in which no explicit communication is provided to the student about
the purpose for learning science. The message 1s communicated by default, as 1t
were: ‘Learn it because 1t’s correct’. The following passage illustrates the
emphusis, which is not bound to any particular time n the history of sdience
education.

Newton believed, wrongly we now know, that this change in
direction of light when moving from air to glass was due to an
increase in the speed of light *n the denser medium. .. Curiously
enough, the correct theory which explained the change in direction or
refraction of hight when moving from one medium to another was
proposed in 1621, some forty-five years before Newton's corpusaular
theory and fifty-seven years before Huygen’s wave theory of hght.’

The Self as Explainer emphasis informs the student’s understanding of
his/her own efforts to explain phenomena by exposing the conceptual under-
pinnings that influenced scientists when they were in the process of developing
explanations. More than any other curriculum emphasts, this one provides
students with grounds for understanding the process of explanation itself
which, incidentally, offers the opportunity for comprehending such other
modes of explanation in human history as magic and religion. Accordingly, it 1s
withm this curriculum emphasis that the perplexing educational problems
arising from the creation/evolution contioversy can be explored and dealt with
most fruitfully. Notice how the underpimngs of Kepler’s thought are
revealed, in the following passage.

The quest of a scientist depends in part upon the saentific framework
of his era and the questions he asks. Kepler regarded the scarch for a
planctary model as a cosmic mystery, the solution of which would
reveal a design of God He accepted the Copernican theory and was
fascinated by the question, ‘Why are there only six plancts?” Kepler’s
answer vas based on his behief that this number was by divine plan
rather than chance. This answer led to a model of the solar systent that
had as a basis the five sohd fignres, or cegular polyhedra, used by Plato
in s description of the fundamen'al parts of matter. It had been
proved by Euclid that there are only five regular convex solids. He
believed that his model provided a geometric perfection which
reflecred that perfection of deity. '

The Selid Foundation emphasts answers the student query about the
purpose of leartny "this stuff’ i a straighttorw ard manner. "To get ready for
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the stuff you are going to learn next year’. In some ways this 1s a reassuring
curriculum emphasis, for it indicates to the student that hefshe 15 learning
something that fits into a structure that has been thought about and planned.
This is the familiar curricalum emphasis which invites secondary school
teachers to tell elementary school teachers what they should teach, and in turn
invites university professors to tell sccondary school teachers what they should
teach, graduate schools to tell undergraduate instructors what they should
teach, etc. (This is another emphasis whose message is communicated by
default.) The following excerpt can be compared with the earlier passage about
chinooks.

Although an air mass may be stationary for several days, eventually 1t
will move. No two things can be in the same place at the same time. If
one air mass moves into an area, another must move out. If two or
more air masses are headed for the same place at the same time, there is
aproblem. By now you probably know which air mass will ‘win’. The
heaviest, coldest, most dense air mass will push underneath all the
others. The *losers’ will be forced up and over the outer surface of this
cold air mass.!!

Curriculum emphases i science curriculum policy

Different curriculum emphases have been in fashion at different periods 1n
history. Economi., cultural, and nationalistic factors arc among those
determining which emphases are present in a science curriculum policy at any
given time. The emphases are selected by a sociopolitical process of deliber-
ation, thus it is not the casc that there are some correct emphases and other
wrong one: Each is a legiumate candidate for choice.

A further point is worth noting about the making of policy choices
concerning curriculum emphases. A single curriculum cmphasis does not
necessarily have to control the science education orientation for a child’s entire
school carcer, or even for a period as long as one year. Technically speaking, a
curriculum emphasis can be made to materiahize in a learner’s experience 1n the
course of tcaching about five to six weeks” worth of science subject matter —
roughly what is referred to as an instructional unit That 1s, there 1s a minmmum
of time required for an emphasis to be developed, but a given program for .
school year could incorporate several emphases 1n sequence (though, by
definition, not sunultancousiy). '

Stakeholders and Pol' y Formulation

The deliberative process by which an educational jurisdiction formulates what
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counts as science education is a complex balancing act, in any democratic
socicty. Different stakeholders typically express strong views about different
curriculum emphascs, and any governmental body formulating or reformulat-
ing science curriculum policy for public education in a democracy has to take
those views :nto account.

One of the reasons why curriculum policy formulation is studied so little
is that preliminary stages of the process have to remain confidential, yet the
best data are lurking there in the early dehiberations of advisory committees.
To continue using Alberta as an example (and surely this is typical), current
policy remains in force until the Mimster of Education formally declares that
new policy is in force. What the policy actually is at any time is thus a matter
having substantial legal implications, and ‘leaks” have to be seen as providing
misinformation to teachers and school systems. Hence the dehberations
conducted by advisory committees set up to formulate and recommend new
policy are usually held in camera, out of the researcher’s view.

One approach to understanding what happens is, of course, to analyze and
seck understanding about a policy change in retrospect, an approach taken by
Gaskell and his associates with respect to the physics srogram authorized for
the province of British Columbia in the early 1960s.'* One is at the mercy of
several factors with respect to the data, even 1f one works retrospectively:
whether the committec’s records and correspondence were preserved, more or
less intact, and whether permission can be obtained to make the data public for
research purposes. In what follows I am capitalizing on a rare opportunity to
inspect statements prepared by stakcholders for presentation in a publc
deliberative forum. It will be seen that these four individuals — a university
scientist, a representauve of organized labour, a grade twelve student, and a
science teacher — press the cas. for revising curniculum policy by siressing. to
different degrees, the importance of thr ¢ different curriculum emphases. The
occasion of their presentation merits some explanation.

Between 1981 and 1984 the Science Council of Canada conducted a major
study of Canadian science education.™ Termed ‘deliberative inquiry’, the
research model involved first assembling a substannal national data base on
science curriculum documents, textbooks, teachers, and teaching. Then a series
.+ " Viherative conferences was held in each of the ten provinces and two
territe s of the country, to examine the findings and deliberate about future
directions for science education in the separate educational jurisdictions. (In
Canada, the responsibility and autherity for educational matters 1. -t solely
with the provinces and territories ) While members of the deliberative con-
ferences could not make authorized recomumendations about policy, ..icir
deliberations nonetheless could not be 1gnored; cach group consisted of
influential representative stakeholders. The 1illustrative position statements
reproduced below were presented at the Alberta dehberative conferend ¢ Lield 1n
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May 1983." (The statements have been edited substannally for the sake of
brevity, but their meaning 1s intact.) The first 1s an excerpt from the statement
by a umversity professor in an apphed science field ¢

We 1n the universitics are at the receiving end of the product of
schools. Each year in my faculty [Engincering] we accept 415 school
graduates nto our first year. We find the majonity are almost lliterate
both in the literary and in the scientific sense This majority has no
knowledge of calculus, of matrix algebra, of simple laws of mechanics
and thermodynanucs, and often even no clear understanding of such
fundamental and basic things as phase equilibrium, rate processes, or
Newton’s laws of motion. What is more frightemng, however, 1s that
our students’ ignorance of sciences 1s exceeded only by therr total
mability to speak or to write simple, concise, and precise English. In
the Engincermg Faculty, more than one-half of our first year students
regularly fail in the university’s own English proficiency tests, and
more than one-third of them fail the first year 1 believe .he main
reason for the inadequacy of our young students 1s that the scaools
have moved away from the pursuit of high acadenuc standards.

Clearly, the curriculum emphasis beng espoused by this stakeholder 1s
Solid Foundation. The following statement, by a person representing the
viewpoint of orgamzed labour for the deliberatnve group, stresses Science-
Technology-Decisions in a highly personal way.

The domunant idenlogy m this socicty pres pposes that the things we
study, the things we deal with, are asocial, alistorical, apolitical. The
emphasis in schools then will be on hard, objective, testable infor-
mation If labour can be said to have any stance on the teachmg of
science, 1t can be said that we favour the approach that attempts to
understand things i therr social, historical context. And probably
labor can complain that working people have suffered most from the
opposite approach. The vast majority of students will jom the labour
force 1f there1s anything to be sard about the nature of the work world
they Il be joiming. 1 supposc that it should be referred to i the teaching
of science  Yet the analysis of the curriculum and the textbooks hsted
problems caused by advances m saence such as pollution, illnesses,
overpopulation, and a disturbance to the ccosystem There was no
menton of the leaks m health and safety hazards that can also be
attributed to advances i saence, or the sheer disruption and reor-
gamzation of the work place that can also be attnibuted to the advance
of science: Smee most students will be joming the labour force, and the
workig world provides the major aspects of that conteat, these things
have to be recogmzed
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A viewpoint stressing Everyday Applications was presented by a highly
articulate grade twelve student.

One of the things that I would like to sec changed is the lack of
relevance between the theery that we're learmng m our courses and
the practical problems and knowledge that we need. In one of my
physics classes we had just had a test about gears and things like that
and how they related. Two girls walked in and said, ‘I tho ight he was
talking about something like car gears’. And yet they don’t reahize that
the gears that were on the est paper were car gears — they didn’t make
that connection. These weren't students 1n the 50 to 60 per cent range;
they’re the ones that get 80s and 90s. I would like to sce niore practicai
experimentation within the physics program and maybe even the use
of computers and that kind of thing.

The followmg statement by a science teacher acknowledges the impor-
tance of Science-Technology-Decisions but mtroduces as well a cautionary
note about balancing curriculum emphases in th * science program.

When herocs of mine, such as David Suzuki, point out that there 1s
such a glut of scientific knowledge now available that we canaot
expose students to all of it with any realistic expectation of retention,
then it does seem to ndicate that there must be a change in what we're
doing. Many of my collcagues wonld arguc that the content is not
really being taught for content's sake alone, but used as a vehicle to
develop a number of extremely mmportant tools including process
skills and, beheve 1t or not, to actually develop discussion skills the
students have, and to make them aware of the impact of science on our
society. There scems to be ¢ 2al concern that students be able to
discuss the interface between science and society, and be able to look at
societal problems 1n a scientific manner. While I think this is good and
certainly should be a part of courses, to dedicate the entire program to
1t is. [ feel, highly questionable. Where do students get the knowledge
base to discuss chese at anything other than an emotional or gutlevel if
they don't have some content that they can fall back on? I also think
when you get mto an arca such as the values aspect of science, that
you're starting to place teachers, who have been trained m a com-
pletely different manner, m a position that's a little suspect. The social
studies teachers have already had soine of this traming. If we're going
to produce students who are capable of solving societal problems from
a saenufic perspective. [ think we've got to be able to somchow or
other meld the content with the application of that content in an
everyday sphere, and that’s not an casy task.
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To return now to the hypothetcal setting of a curriculum policy advisory
commuttee, imagine that these stakcholder positions (and others) are known tc
committee members (indeed some will be held by various members) who have
a mandate to produce an acceptable policy statement Clearly the statement
will be a compronusc, and its forimulation will be accomplished by an uncasy
process of dehberation, which will probably resemble trial and ertor more than
anything else. Deliberation has reccived considerable attenuon in the
curriculum literature during the past two decades, Schw: romments as
follows about 1t.

The method of the pracucal (called ‘deliberation’ in the loose way we
call theoretic methods ‘induction’) 1s, then, not at all a linear affair
proceeding step-by-step, but rather a complex, fluid transactional
discipline aimed at identification of the desirable, and at cither,
attainment of the desired or at alteration of desires. ... Deliberation 1s
complex and arduous. It treats both ends and means and must treat
them as mutually deternumng one another It must try to identify,
with respect to both, what facts may be relevant. It must try to
ascertain the relevant facts in the concrete case. It must ury to 1denufy
the desiderata in the case. It must generate alternative solutions. It
|

must make every cffort to trace the branching pathways of ~onse-
quences which may flow from each alternative and affect deside . i
must then weigh alternatives and their costs and consequences against
one another, and choose, not the right alternative, for there 15 no such

rhing, but the best one. !’

Despite the complexities of deliberation over science curriculum policy, 1t
simplifies one’s view of the process if 1t can be seen as a matter of arnving at a
satisfactory balance aniong competing curriculum emphases (and, of course, a
satisfying array of science topics). The balance must be tailored to the umque
requircments of the particular jurisdiction (or which the policy 15 intended, of
course — there are no generic solutior. s to the practical problem of curriculum |
policy formulation.

Classroom Shaping of What Counts as Science Education:
Toward Understanding Teacher Interpretations and Loyalties ,‘

Many science teachers of my acquamtance do not take science curriculum
policy statements very serously, especially the ‘objectives” section of policy. ‘
(The topics tend to receve very serious attention though ) Some claim that
objectives are simply *what you hope the kids will get, sort of by osmosis’,

|
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others see objectives as window dressing. Many teachers remark that wher
they receive a new science curriculum policy document they flip through it and
then put it on the bookshelf to gather dust.

When a new authonized version of what counts as science educaticn 1s
released by a governmental education authority, it 1s usually accompanied by
the authorization of particular textbooks and other teaching materials desig-
nated as supporting the policy. In the heyday of science curriculum innovanon
in the late 1950s and 1960s, the prestigious names of the Naronal Science
Foundation mn the US and the Nuffield Foundation 1n the UK scem to have
been cnough to gather at least the tacit support of education authorities
many places for innovation of the materials in the classroom. In short, the
prestige made the policy deaision. So we can see a sameness, in prinaple,
between the authorization and implementation of a new science curriculum
policy and the release of new curricnlum materials developed ‘externally’. Both
req are the implementzuon of new policy, yet implementation of the pres-
tigrous programs n science has been examined much more than the mundane
problems faced by school systems wrestling with new government curriculum
policies.'® “The science ~urriculum implementation literature’, then, 15 largely
filled with studies of what happened when externally developed materials were
iniplemented in classrooms. Welch's review gives the picture 2

In general, the view that shines through m all of the curriculum
implementation hterature is that educational innovations most frequently falter
because teacher actions in the classroom are inconsictent with nnovators’
tentions. The same pomt could be made about the intentions of curriculvm
policy makers. In fact, let us lump innovations and policies together for
purposes of discussion, under the single rubric “curriculum proposals’. The
view summarized by one of my colleagues as te ‘teacher deficit mmage’?° puts
a negative cast on what teachers do with (or to) curriculum proposals. A more
balanced view 1s found 1n an analysis by Connelly which respects the work of
curriculum developers a *d innovators external to the classroom, on one hand,
and teachers (referred to as ‘user’ developers) on the other The view can
readily be extended to include curriculum policy statements, not Just
curriculum materials  developed as mnovations Comelly  comments as
follows'

The function of externally based development 1s to claborate theoreti-
cal conceptions of society, knowledge, teacher, and learner, and to
translate these conceptions into coherent curriculum matenals, cach of
which serves as a clear-cut alternative available to teachers.. The
function of user-based development 1s to construct unages of par-
ticular instructional settings by matching a vaticty of theorencal

conceptions with the exigencies of these parucular setungs, and to
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translate these 1mages into a curriculum-in-classroom-use. - Interpre-
tations will be. and should be, made.?

Connelly notes that ‘the teacher’s first responsibihity 1s to parucular classroom
sttuations, and, provided he knows what he 1s dowag, and why, there 1s hittle
reason to expect, or want, a teacher’s allegiance to the goals of even the best
programs’.?> Much 15 packed into that statement acknowledgement of a
teacher’s autonomy in dealing with the umque requirements of his or her
classroom, assumptions about the level of knowledge and competence of
teachers 1n understanding curriculum proposals, and allowance for the possi-
bihty that a teacher nught understand but reject the orientation of a curriculum
proposal.

How can we come to understand how teachers think when they interpret
curriculum proposals, specifically in science education? A musfining of the
intentions of those external to the classroom can be seen to come about in two
different ways. Teacher interpretation could be responsible, in that a teacher’s
image of what 1s required by materials or policy could be inconsistent with that
of the external developer or policy maker. Teacher loyalties, though, could be
another source of explanation — perhaps the teacher understands clearly
cnough what s required but actively disagrees with 1t and rejects 1t

Unpacking the Substance of Science Education

Every saence teacher has a conceptualization of appropriate science education.
If we view that conceptuahization as guirdig the teacher’s shaping of what
counts as science education in the classroom, what are we to make of the arrival
on the teacher’s desk of some new curriculum proposal — cither a new policy
directive (in educational jurisdications where they are issued by governmental
agencies) or some new curriculum materials (sponsored by, say, a mgh-presuge
orgamzation)? I would characterize what happens, perhaps sumphsucally, by
noting that 1t poses two questions for a teacher.

1 What does this new curriculum proposal mean?
2 Is thus new curriculum p oposal appropriate for my students?

Elsew here Thave charactenized the task of making sense of the demands of
the first question as a matter of ‘unpacking’ the meaning of the new item
This follows Schwab’s concept that four curriculum ‘commonplaces’ constitute
the elements of meanmg of any curriculum proposal. That is, four matters can
be seen to be essential, when a curriculum proposal s formulated there will be
an mage (or view) o (1) the subject matter, (1) the learner, (111) the teacher, and
(1v) the society in whici. the teaching occurs. **
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Table 1:  Four curriculum commonplaces ierent in veven curriculum emphases for science education

CURRICULUM
EMPHASIS
Everyday
coping

Structure of
science

Science, tech-
nology,
decisions

Scientific skill
development

Correct explan-
ations

Self as
explainer

TN

(v
Sold foun-
dation

ERIC
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VIEW OF SCIENCE
A meaning system necessary
for understanding and there-
fore controling everyday
objects and events

A conceptual system for
explaining naturally occurrng
objects 3nd events, which s
cumulative and self-
correcting

An expression of the wish to
control the environment and
ourseles, intimately related
to technology and increas-
ingly relaied to very signifi-
cant societal 1ssues

Consists of the outcome of
correct usage of certan
physical and conceptual pro-
cesses

The best meaning system
ever developed for getting at
the tuth about natural
objects and evenis

A conceptual system whose
development is influenced by
the ideas of the times, the
conceptual principles used,
and the personal intent to
explain

A vast and complex meaning
system wh.ch takes many
years to master

VIEW OF LEARNER

Needs to master the bust
explanations available for
ccmfortable, cornpetcit
explanation of natural
events, and control of mech-
anical objects and personal
affairs

One who needs an accurate
understanding of how this
powerful conceptual system
works

Needs to becoma an intelli-
gent. willing decision maker
who understands the scien-
tfic basis for technology, and
the practical basis for defens-
ble decisions

An increasingly competent
performer with the pro-
cesses

Someone whose preconcep-
tions need to be replaced and
corrected

One who needs the intel-
lectual freedom geined by
knowing as many of the influ-
ences on scientific thought
as possible

An individual who wants and
needs the whole of a sci-
ence, eventually

vJ

VIEW OF TEACHER
Someone  who  regularly
explains natural and man-
made ovjects and events by
approL..aw.  scientific prin-
ciples

Comfortably  analyzes the
subject matter gs a concep-
tual system, understands 1t
as such, and sees the view-
point as important

One wio develops both
knowledge of and commit-
ment 12 the complex inter-
relationships among science,
technology, and decisions

One who encourages lear-
ners to practise at the pro-
cesses in many different
contexts of science subject
matter

One responsible for identify-
ing and correcting the errors
In student thinking

Someone deeply commutted
to the concept of I'beral edu-
caton as exposing the
grounds for what we know

One who 1s responsible to
winnow out the most capable
potential scientists

VIEW OF SOCIETY
Autonomous, knowledgeable
individoals  who can  do
mect  cal things well, who
are entrepreneurial, and who
look after themselves, are
highly valued members of the
soc.al order

Society needs elite, phidoso-
phically informed scientists
who really understand how
that  conceptual  system
works

Society needs to keep from
destroying itseif by develop
ing in the general public {and
the scientists as well}) a
sophisticated, operational
view of the way decisions are
made about sc'~nce-based
societai problems

Society needs people who
aporoach problems with a
successful arsenal of scien-
tfic tool skil!s

Socit v needs true believers
in the meaning syster~ most
appropnate for vwral
objects and events

Society needs members who
have had a lberal education
— that s, who know where
knowledge comes from

Society needs scientists
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One way to conceptualize the task, then, is to compare the tcacher’s
understanding to that of the proposal for each of Schwab’s matters in turn. For
example, suppose that proponents of the proposal have built in a view of
science as subject matter rhat is 1n line with the Scienufic Skill Development
curriculurn emphasis. One is then 1n a position to ask, for an individual teacher:
Is that view «f science one the teacher understands? If not, it certainly is not
going to coui: as science education, in that teacher’s mind, as he/she thinks
about carrying out the intent of the proposal.

If we examinc the seven curriculum emphases, we see a different view of
science inherent in cach (some of the differences are greater than others). We
find likewise a somewhat different image of the learner, the teacher, and the
society 1n each. To be sure, there is a degree of consistency among these images
within any given emphasis; that is to be expected. The resulting matrix of
categories (table 1) can be used as a guide to analyze the basis for a teacher’s
thinking about a curriculum proposal in science. More importantly, 1t shows
part of a significant agenda for science teacher education — especially, but not
solely, for in-service education.

Teacher Loyalties and Conflict over Saience Curriculum Policy

What if the hypothetical teacher mentioned above understands the view of
science in a curriculum proposal but actwely rejects it? Suppose that a new
science curriculum policy 1s being proposed, with increased attention to a
Science, Technology and Decisions curriculum emphasis. This is actually
happening at the present time in many educational jurisdictions, of course. The
impetus to incorporate ‘STS’, or science-technology-society, material (the
same as Science-Technology-Decisions, in all important respects) into science
programs has increased dramatically in the past few years. Yet consider the
following comiment, which 1 overheard from a science teacher at a recent
discussion of the matter. “That stuffisn’t science, 1t’s social studies.” His tone of
voice suggested ‘and I am not about to teach 1t.” Fow is one to make sense of
that sentiment?

Status, loyalties and politics

One way to interpret the teacher’s remark s that status is at stake In the schools’
pecking order, high status 1s assoctated with teaclhing science as a subject
ahgned with what Goodson calls the ‘academic tradition’ of subjects m the
curiculum. The mtroduction of soft material, such as discussion of socual
1ssues, can readily be scen to threaten the academic status of science education,
h¢nee the curricubrm pooposal is rejected. Whether or not that interpretation ts
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correct is determined by checking with an individual science teacher. (It could
be that the teacher feels ill-prepared to teach the material, which is a different
macter altogether.) Let us return to the matter of status neverthcless. Goodson
writes as follows, describing how subjects came to be defined in the history of
education in England.

Since the ninetcenth century ‘academic subjects’ and written examin-
ations have become closely interconnected. This alliance, whether
viewed as divine or malign, was tormally enshrined in the School
Certificate examination defined in 1917. Since that date certain
material implications have followed for those sub-groups and school
subjects promoting or representing the academic tradition. ... For the
groups and associations promoting themselves as school subjects, and
irresistibly drawn to claiming ‘academuc status’, a central criterion has
been whether the subjects’ content could be tested by written examin-
ations ‘or an ‘able’ clientele. Acceptance of the criterion of exam-
inability affects both the content and form of the knowledge presented
but carries with 1t the guarantee of high status. The academic tradition
is content-focussed and typically stresses abstract and theoretical
knowledge for examination. %

Goodson interprets the development of support for, and loyalty to, an image
of a subject in the curriculum according to some significant social and
professional processes.

The years after 1917 saw a range of significant development 1n the
professionalisation of tcachers. Increasingly with the establishment of
specialised subject training courses, sccondary school teachers came to
sce themselves as part of a ‘subject community’. The associated
growth of subject associations both derived from and confirmed this
trend This increasing identification of sccondary teachers with subject
communitics tended to separate them from cach other, and as schools
became larger, departmental forms of organization arose which rein-
forced the scparaunon. 2

Such loyalties — the one to an academic tradition and the other to a science
subject community (including a science subject professional association) — are
important explanatory devices in understanding what counts as science
education for teachers Alternatives to the acadenuc tradition are desciibed
thus by Goodson, cast in a way to make them seem definitely less palatable

The utiitanan tradition is converseiy of low status, dealing with
practical knowledge sometimes not amenable to the current ‘A’ level
mode of written examination. Utilitarian knowledge 1s related to
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those non-professional vocations in which the majority of people
work for most of tneir adult life. The low status of utilitarian
knowledge also applies to the personal, social and commonsense
knowledge stressed by those pursuing the pedagogic tradition Whlst
all school knowledge has at least an implicit pedagogy this tradition
places the ‘way the child learns’ as the central concern in devising
subject content.?’

Two important maxims emerge from this discussion, if one wants to
promote science teacher loyalty to a scaence curriculum proposal. guarartee the
status of the content by enshrining it in an acceptable, recognized examination,
and secure the support of the subject community. Otherwise the spectre 1s eve,
present, for the teachers, that the proposal’s academic status will degenerate to
utilitarian and pedagogic limbo. Successful curriculum policy makers and
educational innovators are well aware of the need to garner ti.~ support and
loyalty of science teachers, which is quite a different matter from the need for
in-service education to ensure that the teachers understand a new proposal.

The influence of the subject community is an especially potent force 1n
science education. In general, the ‘hero image’ {as someone dubbed 1t) of the
science teacher tends to be the scientist rather than the educator. Many school
teachers of biology, chemistry, and physics have the irritaung habit of referring
to themselves as ‘biologists’, ‘chemusts’, and ‘physicists’, displaying thereby a
blatant disregard for (or at least astonishing insensitivity to) correct use of
language, the source of their income, and the mandate of their employers. Sull,
there 1s a halfway house between the scientists and the science teachers, and 1t is
the scieace teachers’ professional associations. Fortunately for our understand-
ing of tcacher shaping of what counts as scierce education, the history and
workings of at least one subject association in science education have been
chronicled 1n some detail. In his very engaging work on that subject, Layton
notes that ‘a profession can be interpreted as a means of contrelling an
occupation, 1n this case of defining what counts as teaching science’. A portion of
his history, then, is devoted to the Association for Science Education member
associations’ ‘activities 1n the curriculum field, their advocacy of particular
versions of school science and of the ways they have attempted to ersure
adoption of their point of view’.?® Layton’s work 1s a penetraung and highly
valuable account, for understanding teacher loyalties and school cience
politics.

Science teachers’ loyalties and curriculum emphases

It 1s easy enough to see that the curriculum emphases which have emerged 1n
science education can be categorized according to the three traditions described
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by Goodson. Solid Foundation, Correct Explanations, Nature of Science and
Scientific Skill Developmient all fit the academic tradition, while Everyday
Coping fits the utilitarian tradition, and Self as Explamner and Science-
Technology-Decisions (both with a heavier emphasis on the learner than on
the subject) fit the pedagogic tradition. Given the intense, almost fierce,
affilfation to an academic tradition which school scier.ce teaching tends to
show, one would hypothesize that science curriculum policies promoting the
first four emphases would be more likely to command science teachers’
loyalties than would the other three. Layton captures the point nicely when.he
thus describes the Nuffield projects in England.

They round off just over a century of science education in which the
emphasis has been placed in varying degrees on the achievement of
two broad objectives — first, an understanding of the conceptual
structures of science, science as a body of knowledge, and second, an
understanding of the procedures of science, science as a process. ... The
balance between the two objectives has varied from time to time, but
the emphasis has been unwaveringly on an understanding of science in
its internal disciplinary aspects, 1ts vocabulary, grammar, syntax and
literarure. ... What school science has so far failed to establish as a
worthwhile objective is the importance of an understanding of science
in its external relations, of the nature of the science-society interface,
- an understanding of science in its external relations with technology
and society.?’

It would be hazardous to try to predict whether an individual science
teacher would or would not sce as worthwhile the objectives inherent in such
curriculum emphases as Everyday Coping or Science-Technology Decisions.
The point is that the work of both Layton and Goodson gives one a way to
understand the dynamics of how teacher loyaltics influence their shaping of
what counts as science cducation in the classroom. Conflict over, or the
distortion that occurs in the implementation of science curriculum policy or
other curriculum innovations can thus be analyzed from this point of view, as
well as from the point of view which considers how teachers actually interpret
what a curriculum proposal nicans

Concluding Remarks

This chapter began with the question ‘What counts as science education?” —
not to provide an answer, but rather with a view to makng sense of an
exceedingly complex professional activity. In any democratic society the
expression of preferences about what counts as science educauion 1s a nght of
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the people. They are legiimated stakcholders At the same time science
teachers are both stakeholders and final irbitrators by virtue of their interpreta-
tions, their loyalties, and thetr actions in the classroom. If one views the matter
of shaping what counts as science education from that perspective, some
conclusions emerge from the discussion in this chapter.

First, it should be abundantly clear that no single individual, no matter
how ‘expert’, has the answer to the question ‘What counts as science
educatior?” — not becausc no one 1s smert enough, buc because the question
has a socially determined answer rather than one theoretically or academically
determined. Hence all attempts to answer such a question by research alone, or
by stakcholders who share only one opion, are {utile.

Seconr, the pessimism expressed so frequently about the fate of inno-
vations in science education might be a bit more understandable. Innovations
which have succeed 2d in crashing through the science classroom door are those
which have commanded teacher loyalty, for whatever reason. If what showed
up in the classroom did not match the innovators’ intentions, that should now
be no surprisec — given the range of cusriculum emphases (and tiierefo ¢ the
potenually large number of teacher interpretations) which science educaton
has seen in the past cighty-five years Among the most promising recent
developments 1in educational research, for understanding teacher interpretation
as discussed here, 1s the work on teacher thought processes, reviewed recently
by Clark and Peterson.”® Most of that research is decontextualized from
individual subjects, but the methodologies would be helpful guides for
understanding science teacher interpretation were they to be employed speci-
fically in the context of school science.

Finally, of course there are, inevitably, implications for science teacher
education. In the light of what has been presented in this chapter, it 1s
appropriate to comment on the difference between educating a science teacher
and winning an ideological convert — a ‘gun-slinger’, as one of my colleagues
says. In all hkehhood, every science teacher preparation program and in-
service education program delivers a message about what counts as science
education, and the chicf delivery person 1s the professor of science education.
Far too often, in my experience, the message 1s dogmatic and is presented
(perhaps subtly, perhaps overtly) i a doctrinaire fashion. ‘science education is
the processes of enquiry’, or ‘science education must foster an understanding of
science in a social context’, or even ‘science education 1s the promotion of
(some brand of) scienufic teracy’. These are statements of individual ideological
preference of professors of science education, and they mdoctrinate science
teachers into believing that what counts as science educator 1s the ideology of
a single curriculum emphasis (or perhaps a few emphases). Whenever this
happens, scienc. teachers are not being taught how to do a sophisucated job of
shaping what counts as saence education They are being presented with an
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oversimplified view of the question with which this chapter started, to an
extent that makes a mockery out of the science teacher’s professional auton-
omy. At the very least, teachers deserve to be taught that different curriculum
emphases are possible, and that a particular view of what counts as science
education (whoever holds or presents it) has been selected (by that person,
albeit a professor of science education) from an array of alternauves.

One of the most pronusing recent developments for rethinking the
problem of ideological 1ndoctrination is the effort to articulate and legittimate a
calculus of practical thought as 1t occurs in professional work. Schon has calied
it "reflection-in-action’ and, although his work concentrates on professionals
other than teachers, it can be applied readily to science teacher education. !
Connelly’s approach, in the *Personal, Practical Knowledge Project’, has been
dircctly focussed on teaching.** What is so valuable about a calculus of
practical thought is that it demonstrates clearly for those mvolved m scrence
teacher education that ideological mdoctrination 1s patently inappropriate
That 1s, teachers have to think in very complex ways about science teaclnng
and science curnculum proposals Doctrinaire science teacher education wall
not do the trick, and 1t is high ume the word got out.
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Fifty-seventh Annual Mecting of the National Assoctation for Rescarch n Science
Teaching, New Orleans, 1984: ROBERTS, D.A. and CHASTKO, A.M. ‘Who speaks
for what and why? Analyzing curriculum policy dcbate related to science
education’,

SCHWAB, J. (1978) ‘The practical: A language for curriculum’ m WESTBURY, [, and
WILKOF, NJ (kds) Joseph J. Schuwab. Saence, Curnculum, and Liberal Education,
Chicago, University of Chicago Press, pp. 291 and 318-19. (This piece was
published in two other places prior to its appearance 1n this festschrift for Schwab.)
For a sensitive and thorough analysis of a school system’s work n mplementing
policy, sce CHASTKO, A M (1986) Tramslatng Science Curriculum Policy mto School
Program, PhD thesis, Calgary, Alberta, University of Calgary.

WELCH, W. (1979) ‘Twenty years of science curriculum development. A look back®
m BERLINER, D.C (Ed) Review of Researcir in Educanon, 7, Washington, DC,
Amcrican Educational Research Association, pp. 282-308,

See FRITZ, J.O (1981) “The teacher i curriculum reforn’ m LEITHWOOD, K. and
HUGHES, A. (Eds) Curriculum Canada 111, Vancouver, Centre for the Study of
Curriculum and Instrucrion, Umversity of Briush Colembia, p 113,
CONNELLY, FM (1972) The functions of curriculum development’, Interchange, 3,
2-3, pp 168-9.

Ibid., p. 169.

Sce ROBERTS, D.A (1980) ‘Theory, curriculum development, and the umque
cvents of practice’ m MUNRY, H et al., (Eds) See Curculurt in a New vaght Essays
Srom Science Educanon, Toronts, OISE Press (republished in 1984 by the University
Press of Amecrica).

Schwab has discussed thicse in several of us published works. One of the most
nformative treatmenus 1s found m his *The teaching of science as cnquiry’ (op at),
pp 31-41.

GOODSON, | F (1987) School Subjects and Cusviculum Change, Lew es, Falmer Press,
p. 27.

Ibid | pp.32-3

Ibid., p. 27.

LAYTON, D (1984) Interpreters of Science. A Hustory of the Assoctation for Saience
Education, Hatficld, Hertfordshure, Association for Science Education, p v
LAYTON, D. (1972) ‘Saience as general education’, Trends in Educanon, 25, p 12.
Layton’s analysis and documentation of the development of science education m
England during that period certamly confirins his comment, and also sheds a great
deal of light on the way tcachers shape what counts as scicnee education (1973)
Science for the People, London, George Allen and Unwin Lid

CLARK, C M. and PETERSON, PL. (1986) ‘Tcachers’ thought processes’ in WiT-
TROCK. M (Ed) Handbook of Research on Teaching, 3rd edn (American Educational
Rescarch Assoeiation), New York, Macmullan Co., pp. 255-96.

See SCHON, D A (1983) The Reflective Pracunoner, New York, Basic Books. Inc |
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and SCHON, D A (1987) Educatng the Reflective Pracutioner, San Franasco, CA,
Jossey-Bass Inc. For application of Schon’s work to sciunce teacher education, see
MACKINNON, AM  (1985) Detecting Reflection-n-Action among Preservice: Teachers
Enrolled 11 an Elementary Sacnce Methods Cowse, MSc thests, Calgary, Alberta,
University of Calgary (ERIC accession no. ED 274 521). and ROBERTS, D A and
CHASTKO, A M (1986) ‘Absorption. refraction, reflection Beginning education
students think about scicnce teaching’, paper presented at the annual meeting of the
Amcrican Fducational Rescarch Association, San Francisco. Apnil

32 Among the many publications of this project. one which nught interest saence
cducaters the most 1s CONNELLY, EM and CLANDININ, D ] (1986) *On narrauive
medhod, perse nal philosophy and narrative unitics in the study of weaching’. Jowrnal
of Research m Saience Teachng, 23. 4, pp. 293-310.
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Teachers in Science Education

John R. Baird

Introduction

This chapter 1s predicated on the behef that rescarch and development efforts in
scence education over the last few decades have had disappomtingly hetle
nfluence on science teachers and science teaching. While the arguments 1 shall
present below do not provide conclusive cvidence for this behef, they do
indicate some limitations of previous work. They also highhgh a rescarch
perspective which T beheve has the potenual to redress this situation. The
boundarics of argument arc not limited to science education. While the
teaching and learming of science do posc particular problems, these problems in
other senses are subsumed within more general considerations concerning the

“mature and process of teaching and learning. Thus, I shall first allude to these

niore’ general considerations and then, n later sections, sct them wathin the
scicnce context

A central consideration is refated to our rack of understanding of what
teaching is, and how 1t works. While the nature and vrocess of teaching i a
generic sense remains a matter of debate (for example, Fenstermacher, 1986),
what constitutes ‘good” (w hether meaning ‘morally defensible’ or “suc cessful’)
teaching must remain even more probicmatic and ephemeral. For example,
what constitutes ‘good” or “successful’ teaching may change with the content
of the classroom and context, and with changes 1 soctety and 1ts mores
Uncertainty m the meaning of teaching, and of "good’ (n 1ts successiul
meanng) teachmg, will now be considered.

Teaching often assumes 1ts meaning through defimtion of the tasks
mvolved. For example, Fenstermacher (ibid ) hists the tasks of

uistructing the learner on the procedures and demnands of the student-
g role, selecting the matenal to be learned, adapting that materal so

"
ot

ERIC

Aruitoxt provided by Eic:




John R. Baird

that it is appropriate to the level of the learner, constructing the most
appropriate sct of opportunities for the learner to gam access to the
content ..., monitoring and appraising the student’s progress, and
serving the learner as onc of the primary sources of knowledge and
skill. (pp. 39-+40)

Even these generally acknowledged tasks of teachmg can be mterpreted
differcntly by people with different perspectives regarding teaching. However,
fenstermacher argues that, by stating the tashs m these terms, an emiphasis 1s
given to the effect of teaching on the learner’s behaviours (1.e., a task sense of
lcarning), rather than on the acquisition of content (i.c., an achievement sense
of learning). This perspective 1s useful for definmg hnuts of accountabihity for
reaching. It reninds us that teachers have a prinary responsibihity to tram thar
learners how to tearn.

The perspective also relates to recent moves m educattonal rescarch on
teaching and learnmg towards a greater emphasis on process and a greater
acknowledgement of the unportance of contedt. These moves are associated
with what Biddle and Anderson (1986) describe as a shift from the ‘confirma-
tory’ to the ‘discovery’ approach. This dichotomy in approach has been
described alternatively as positivistic/mterpretive (Erickson, 1986) or, less
satisfactorily, as quantitative/qualitative (Fenstermacher, 1986). To contrast
these approaches, let us consider ‘good” (meanig ‘successful’) teaching m the
context of the traditional (but spurious) axtom ‘good teaching results m good
learning’. This rule causally hnks good teachig and good learmng across tme,
content and context. Using a confirmatory perspective, this rule 1s tested
through the study of the relationship between posited exemplars of the
independent variable, "good teaching’ and the dependent variable, “good
lcarmng” For cxample, the extent of covarlation between ‘wait-time’ (the
mterval between the teacher’s question and a typical student’s responsc) and
students’ achicvement scores may be examined. Or, alternauvely, the extent of
causality of the relanonship may be mvestigated through a controlled experi-
ment hnking achievanent to manipulation of the wait-ume mterval. Thus,
rescarchers with a confirmatory perspective ask such research questions as
‘what 1s the cffect of mcreased wart-tinie on student achiesement?”, and ensure
that vananon due to individual differences, content and context s controlled as
much as possible

On the other hand rescarchers wath a discovery porspectin ¢ have different
mterests, and ask different questions They are more mterested 1 meanings and
mechanising, rather than the law ful nature of relationships. They are concerned
to find the meamng of wait-time, and how it operates for the mdnaduals
withmn Gi particalar classroom conteat. They ash questions such as ‘How do
these learners interpiet an merease i wait-tune?” and ‘How does increased
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wait-time mfluence the learning decisions they make?. The emphasis on
mdividuals and the meanings they ascribe to a varable such as wait-time bears
on the process of learmng, which renders some other variables, such as
achicvement score (divorced in ti ¢ and context from the studied instances of
wait-time) less relevant for study The emphasis on individuals and the
meanings they ascribe also requires that rescarchers adopt a more holistic
approach, where features of the ndividual and of the classroom, school and
socictal context are all taken together to seck understanding of decisions made
and behaviours exhibited. Indced, the very nature and meaning of ‘good’
teaching appears to be depeadent on such contextual features. For example, the
criteria for ‘good’ teaching have been shown to differ with the classroom
content (for cxample, Evertson, Anderson, Anderson and Brophy, 1980).

While mimerous rescarch questions may be appropriate and productively
pursued through a confirmatory perspective, some shortcomungs of tis type
of researcs have emerged One shortcoming 1s that general rules, free of
content and context, scem often not to work well for the pracutioners — the
teachers and students. This 1s becarse these rules, by eschewing the par-
ticularities of the individuals involved, and of the social morcs and dynancs of
the classroom conteat, do little to foster the participants’ u.derstanding of how
to operate effectively in their classroom As Easley (1982) says, teachers ‘need
something clse besides predictions, they need to understand what 1s happenmg

. so that they can change their role m the social mteraction to get better

results’ (p. 192). Indecd, as Erickson (1986) argues, ‘prediction and contiol,
the tradition of natural science, is not possible m systems of relations where
causc 1s mediated by systems of symbols’ (p 127). By symbols, he means the
meanings and interpretations that are placed by the mdividuals invoived on the
actions and cvents they share together

A related shortcoming stems from uncertamtics assoctated with broad
general relationships, that tend to transform behaviours mto personal attri-
butes For cxample, vartous teaching behaviours have been dassified within
two contrasting teaching styles, called Transtmssion or Interpretation (Barnes,
1976). Where mterpretative teachmg subsumes behaviours which encourage
students’™ active participation in the {esson through question-asking and
discusston, transnussive teachmg mvolves behaviours which hmie lesson
activities largely to one-way mformation transfer from teacher to students.
Havmng reduced a complex range of teaching behaviours to sudh a categoricai
dichotomy, the danger 1s that the teacher may be smularly ategorized (for
example, Gardner, Gray and Taylor, 1981). Thus, ‘Mr Watson 1s an interpreta-
uve teacher’ The argument to jusufy this translation from behaviour to
personal attribute 1s that a teacher holds certain conststent theories, values and
beliefs regardimg reaching and learming which are exlibited as a predictable
predilection towards one style or the other
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As with many caregorizations, simphfication 1s accompanied by loss of
meanmyg. We sunphify the reality of the mass of seemuingly imcompr :hensible
detail (for example, teacher behaviours, teacher-student teracticns) by
ascribing causes for 1t (for example, teaching styles, teacher attributes) We
then work with our interpretations of the reahity as if they are the reahity 1=sclf.
The need to mamtam this distinction 1s emphasized by rescarchers with a
discovery perspectve. They view the umifornuty m soaal interaction which
precedes such categonization difterently — “the bchavioural unifornuty fromn
day to day that can be observed for an individual, and among individuals m
groups, 1s scen ... as an illusion — a soual construction akm to the iHlusion of’
asscessed ability as an attribute of the person assessea . - or.ce a child 1s assessed
as having low ability, we assume not only that the entity Jow ability actually
exists, but that it 1s actually an attribute of that chuld’ (Erickson, 1986, p 126).
Again, the abstraction of reahity that goes with a confirmatory perspective
moves the focus of rescarch or action from the ceptre to the periphery. For
example, 1t has recently been argued that the appropriate action m the
dassrooun to uapleniant the change e soactad wores fiom the individual
cxpressionfsoctal egahtaziamsm of the 1960s and 1970s to the ‘back to the
basics’” movement of the 1980s 15 to exhort teachers to chinge bchaviours from
those characterizing interpretative teaching to those of transnussive teaching.
However, such changes will not work as well as desited, simply because
manipulation of categories of eftect, without proper understanding of the
factors which mfluence them or therr mechamsms of operation, 15 a meckanistic
and reactive response to a complex situation rather than an magiative and
active one.

Successful teaching 15 a complex activicy which requires the teacher to
sclect from the diversty of possible strategies and actions the ones most
appropriate for hisfher existing classroon. conditiors We need to do more to
assist the teacher i this deasion making process by discoy ering information
from classroom situations which fosters understanding of the nature and
meanmgs of the factors mvolved Only when we have achieved sufficient
insights into meamngs and mechanisms should we attempt to induce erther
theory (by ascribing relations and laws) or rules-for-action. Perhaps if sucha |
pomt 1s reached, it may be appropriate to test such theories through confirma- |
tory rescarch, and cycles of discovery and confirmation can recur, |

In this chapter, T shall constder some of what 1s known about some factors |
w hich mfluence teachers and teaching. These factors will be grouped under the
headmgs The teacher and teadung, The learner and leayming, Conditiore under which
teaching and leasning ocan and Teacher educetton, In face, 1t 1s to the faccors under
the first heading that particular emphasts will be given and, where possible,
findings from the content of science education Wil ve given. Fmally, 1 shall
suggest some mmphcations of the findings for teachers, wachig, and the
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curriculum, and present some recommendations regarding the ty pe of rescare..
required and the management of the process of teacher change

The Teacher and Teaching

Given that teaching is done by mdividuals, with therr umque collections of
thoughts, behiefs, aspirations, values, cencerns, perceptions and abihitics, 1t 1s
surprising that so httle rescarch has been directed to what teaching means to
individual teachers and how they describe how they go about 1t.

I shall consider below the wide range of personal attributes which can
mfluence teaching performance. In so domg, I shall introduce two terms —
mtellectual competence and intellectual performance. Use of these terms emphasizes
the interrelatedness m meaning and function of the vartous attributes nvolved,
and thus supports the need for a holistic approach to rescarch on them.

Teacher Intellcctual Competence

Idefine intellectual competence as comprising four major components. Attitudes
(ncluding values and concerns), Percepaons (including eapectations), Concep-
tions (including theories and beliefs); and Abilities. As an example, let us
consider a teacher’s intellectual competence m relation to the 1ssuce of negoti-
ated curriculum (i, a curriculum in which teachers and their students share
together responsibilities for p'anning and undertaking some significant aspects
of the teaching and learning) Our teacher may hold certain atnitudes to (or
assign particular values to, or take a particular stance regarding) a negotiated
curriculum. It 1s hikely that these ai~*tudes would be consistent with related
attitudes to such things as the appropnate classroom roles of teachers and
students, the professional responsibiliies of teachers, and the desirabie amms of
scheoling. Whatever these attitudes, ..y will be closely related to hus or her
perceptions of what a negotiated curriculum would look like in practice, and of
the manner 1n which it would operate. In turn, these atutudes and perceptions
both mfluence and are mfluenced by the person's conceptions of the nature and
meaning of such terms as ‘negotiation’ and ‘curriculum’. Finally, cach of the
three components so far described would interact with the abilities our teacher
has such as hisfter percepuveness, logical thmking, capaaty to deternune and
reflect on the needs of others, and so on

It is rcasonable to assume that thic composite and complex ntellectual
competence will influence the subscquent mtellectual performancc of our weacher
as hefshe engage. in an atempt to negotate the curnculury i practice,
Intcllectual performance, hke mtcllcctual competence, 1s not a simple unztary
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thing for 1t also mcindes a number of components, such as speafic attitudimal
states, perceptions, decisions 2nd behaviours thae are all assoctated with the
tasks of teaching.

Given that a teacher’s mtclleceual performance has an important mfluence
on classroom activities and student behaviours, and thus on the learnmg that
results from teaching, 1t 1s unfortunate that so hetle rescarch has been done on
the non-behavioural components of teachers” mtellectual performance. Even
less research has been directed to the relationships betw ecn components of
teachers” intellectual competence and their mtellectual performance: Much
rescarch has, however, been done on the behavioural components. This 1s the
‘process-product’ research which blossomed mn the later 1960s and carly 1971
(Dunkin and Biddle, 1974) Process-product research s firmly grounded in the
confirmarory perspective discussed above It centres on the systematic obser-
vation of classroom processes according to predeternuned categories of
behaviour Behaviours were imuially correlated with, and later experimentally
manipulated m terms of, characteristics of the teacher (presage vartables),
charactenstics of the students, school or commumey (contexe variables). or
evidence of student learming and grow th (product v ariables). A major thrust of
process-product rescarch was on “teacher effectiveness’. which linked gen-
cralized teacher classroom behaviours to generalized student achievement on
standardized assessments (Shulman, 1986). The first sort of w ait-time studices
described above 1s an example of rescarch i this tradition. By focusing on
behaviours, process-product rescarch ignores the mdividuahity of the teacner
deasions which give nise to behaviours, and the mfluence that teachers'
attitudes, perceptions, conceptions and abihties have on these deasions.

I shall now revicw some rescarch that does relate in a broader way to first
the meellectual competence and then the meellectual performance of teachers.

Teacher intellecual competene atntudes and pesecptions

With a few exceptions much of the research on saienc . -related attitudes of
teachers has been set within the process-product framew ork, where vartous
scales, mstruments, and inventories, amimg to measure attitudes to science,
saence pedagogy, and scientists, are completed mdividually but resultant data
are processed m groups Some of the rescarch hes sought to relate such
atutudes to teachers” classroom activities and student achievement, but often
there have been nuxed results (for example, Power and Tisher, 1973).

Some other sorts of studies suggest that teacher’s scrence-related attitudes
are vague and confused (for example, Schibeer, 1980), that primary teachers
especially lack confidence - science pedagogy (for example, Osborne and
Biddulph. 1985), and that tcacher attitudes to some particular scence topics
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(for example, energy, Kirkwood, Carr and McChesney, 1986) have been found
to be particulatly negative.

Rescarch on perceptions of scientists, or of self in the scrence classroom,
has almost never concentrated on the practismg teacher as subject The
sclf-report scales or inventories which have been adapted or destgned for the
contexts of science have been directed primartly at students, and agan, therr
data have almost always been analyzed according to grouped responses rather
than mdividually.

A lin: of rescarch which has, however, been directed to teachers, and
which preserves the individuality of response, has been that on the notion of
teacher concerns. As a result of the work Iike that of Fuller (1969), such teacher
concerns have been used as a focus for  frructuring both pre-service program-
mes for teachers and m-service support for mnovations they have been
expected to miplement Teachers have a wide varnety of concerns regarding
their teaching These concerns have been viewed by some rescarchers as
relating to the three levels of self (for example, sense of adequacy as a teacacr),
task (for example, availability of mstructional maternals) and mimpact (for
example, the dffect of teaching on cach student). They argue that teacher
change 15 a process of the individual sequentially addressmg and surmounting
herfhis concerns at cach of rhese three levels.

Teacher intellectual competence: conceptions

Only during the last few years has rescarch begun on pracusig teachers'
conceptions (that 1s, their theories and pedagogical belifs) regarding partcular
content or subject matter. Recent studies, for example, of teachers’ conceptions
of energy m New Zealand (Kirkwood, Carr and McChesney, 1986) and
Australia (Arzi, White and Fensham, 1987) indicate that this topic 1s not well
understood. Much more research on teachers’ con.ptions (and particularly on
belief aspects) of this sort of content topie needs to be done if we are to
understand the ways that tachers’ understanding of content can mtlucnce therr
mtellectual performance during lesson planning and  thar subsequent
classroom interactions with students.

Stnularly, teachers hold a wide range of imphiert theories and behiefs about
teachimg and learnmg. Clark and Peterson (1986) reviewed some recent
rescarch which has studied teachers’ theories and behiefs regarding curricula,
therr role as a teacher, and the principles upon w hich they seck to explam thar
classroom behavtours. Perhaps the most prommsing of the rescarch reviewed
was that on teachers” theories and behefs about the attributions they hold for
the causes of student paformance The evidence <uggest. that hese behefy
strongly mfluence how teachers percerve student v chaviour in the cassroom,
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and how they mteract with particular students (for example, the number of
intcractions and the type and pattern of reward and punishment).

Teacher imellectual competence: abilities

It appears increasmgly unlikely that there are any simple, general teaching
abihties or competencics which apply to all subjects, grade levels, and contexts.
Howevel, certain teacher attributes are considered by students to be associated
with good teaching (for example, Wittrock, 1986). These attributes relate to
the establishment of positive interpersonal relations (for example, friendly, farr,
tolerant, supportive) and of respect (for example, orderly, competent, firm).

As discussed above, there has been a tendency to subsume patterns of
classroom bchaviours within notions of teaching -*yle and then to transform
these notions into stable personal attributes or ac:hties. (There 1s a similar
tendency regarding learning styles and students.) Furthermore, some re-
scarchers have sought to distinguish ‘type . of teachers using such bases as age,
teaching discipline, or level of teaching. For example, Fuller and Brown (1975)
distingwished primary teachers from secondary teachers being *warmer, more
hopeful, more supportive, and less critical ... more exhibitionistic, niore
orderly, more dependent, less bright, and more consistent i therr views .
more directive and teacher-centred’ (p. 28). On the other hand, recent
discovery-type (interpretive) rescarch, by highhgiung the complexity of the
individual, interper,onal, content, and contextual il :aces on teachmg and
lcarning, has challenged the meamngfulness, sigmficance, and predictin ¢ power
of such gross categornizations.

Teaches Intellectual Performance

The vast majority of rescarch on teachers’ planning and teaching has been
directed to overt bebaviours. Little rescarch has described the attutudes,
perceptions and decisions they associate with these beliaviours Accordingly, 1
shall consider teacher behaviours first, and then move to teacher thoughts and
deasions.

Teacher mtellectual performance. behaviows

Much of the rescarch on mteraction patterns m saence classrooms has been
withm the process-product model The data have been obtamed according to
predetermmed scales or categories cither directly, through classroon: obser-
vation, or indirectly, from teachers’ perceptions. A wide vanety of findings
have come frons such studies, but 1t 15 a variety w hich scems not to illummate
practice much further than to “haghhght the complexity of saence-learnmg
cnvironments’ (White and Tisher, 1986, p. 877)
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A popular focus for these studies has been teacher questioning, particu-
larly the cffects of cognitive level of questions and of wait-time on student
learning outcomes. Manipulation of thesc two variables has had vared effects
in different studies, probably becausc of the wide differences among them in
types of participant, context and procedures A not surprising and consistent
result is that increased length, complexity and comprehensivencss of student
answer accompanics an increase n teacher wart-time. However, White and
Tisher point out that student attitudes, perceptions and achievement do not
necessanily show concomitant improvements. The sought-after simple, gen-
cral, lincar relationships remain elusive or do not exist. As I argued above,
what 1s required is research which reveals the significance and meanings that
both the teachers and their students ascribe to wart-time.

Teacher intellectual petformance: thoughts

Even though it 1s well recognized that ‘teachers” behaviour 1s guided by therr
thoughts, judgements and dcasions’ (Shavelson, 1983, p. 393), rescarch en
teacher thoughts 1s very recent It also still lacks the complexity and subtlety of
method of rescarch that has occurred on student thoughts.

In the process-product tradition, teachers’ thought and decisions have
often been treated simply as processes that precede their behaviours. The
behaviours of interest have been predomunantly the classroom-management
type, and the thoughts studied are those assoaiated with such behaviours (sec
Shulman, 198€). Thus, for lesson planning, rescarch has centred on teachers’
thoughts and decisions regarding the nature and extent of planning, and the
emphasis they give to objectives, content, activities, student characteristics,
and so on.

No substantive research has been done to link a teacher’s intellectual
performance n planning a lesson to herfhs meellectual performance during
teaching In fact, little rescarch has been done on teachers’ classroom thoughts
and decisions beyond the use of such methods as stimulated recall to assign
teachers’ statements to predetermined response categories in the process-
product tradition. The object of most of the research which has been done has
been to categorize the content of teachers’ thoughts, the nature and frequency
of teachc..” decaisions, and the dassroom antecedents of these decistons, In their
review of this rescarch. Clark and Peterson (1986) arguc that, because the
rescarch has been based on the mmstaken assumption that the primary
determinant of teachers’ decisions 1s student behaviour, 1t has been too mnuted
in scope They believe that more descriptive research on teachers” decistons 1s
necessary, in order te understand more about what they mean and how they
come to be made For example, m relation to teachers’ attributions for the
causes of student performance, mentionted carbier, they make the pomnt that
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there have been “no studies that have imvesrigated the relanonship between
teachers’ attnibutions and teachers’ planmir 1, or betw een teachers” attributions
and teachers” interactive thoughts and deaisions” (p. 285). This 1s but one of
many arcas where rescarcio1s necded to understand the assoctations that exist
between teacher cogmuon and action.

The Lcarner and Learning

Tue arguments presented above regarding the need for attention to the
diffcrent components of teachers” mtellectual competence and performance
hold equaily truc for learners, and more reseasch has been done on therr science
attitudes, perceptions, conceptions, decisions and abihitics.

As the science learner 1s considered m detail elsewhere s this book, I wall
simply underhne two asnects of therr learning as ones that regard as m need of
urgent research. The idea of context as an influence on the mtellectual
performance of learuers 11 science needs to be considered m both 1its school
meanmgs and 1ts various out of school, soctetal meanings

The sccond aspect relates to integrating the process and content of science
learmng Much has been Iearned recently about fearners™ existing couceptions
m the subject matter of the sciences. However, less 1s know n about the process
oy which conceptual change occurs durmg learming: A uscful focus for relating
content and process may be metacogmtion (Barrd, m press). Metacogmtion
refers to the knowledge, awarceness and centrol of one’s own laarning It
subsumes various aspects of mtddlectual competence and performance. such as
conceptions of the nature of learnmg and teaching (imetacogmuve ‘know I-
edge’), perceptions of the nature, purpose and progress of the current learmng
task (awareness’). and the deasions made and behaviour exhibied while
managing the task (control’)

Conditions under Which Teaching and Learning Occu:

The science curreulum s central to the conditions of teaching and learning.
The nature of a curriculum an be viewed according to two contrasting
stereoty pes (White and Tisher, 1986) The first stercoty pe 1s the one that was
dommant m the 19505 and 1960s. Tt 15 a large. disaphne-based package
designed primapally by subject-matter eaperts (for example, PSSC. Chem
Study) The treatment of content 1s "acadennc” and often not closely allied to
contemporary sodctal assues. The teachers” job 1 mamly to follow the
sequence set down an the textbook or printed maternals A comrasting
stereotype emerged i the 1970s It 1s characterized by a more mtegrated

04

My
/g




Teachers m Science Education

syllabus, more modular orgamzation, more flexible presentation, and more
attention to socictal 1ssues. Curricula which exhibit features of this stereotype
include Science 5-13, SCIS, and the Australian Science Education Project —
ASEP. This stercotype places greater demands on the classroom teacher,
particularly in relatuon to selection of sequence and modes of presentation
appropriate to the students’ needs, and in classroom organization and
management. With few exceptions, however, teacher traiming and support for
implementation of cither sort of curriculum has been inadequate. The training
is patchy, of short duration, and removed from the teacher’s classroom context.

Rescarch has demonstrated that teachers modify or ‘domesticate” the
intentions of curriculum developers, so that they are brought into hne with the
teacher’s imphcit belicfs about effective teaching (for example, Olson, 1981,
Tisher and Power, 1975). For many science curricula, it seems that the further
i time w2 get from their conception — still i many mstances the carly to
middle 1970s — the greater the disparity betw een the rationale and the reahty.
This 1s true, for example, of two of the most rignificant Austrahan science
curricula of the 1970s — the Australian adaptation of BSCS Biology and
ASEP. The former package, called the Web of Life, sits more towards the first
stereotype above. Both these curricular packages were mtroduced with high
levels of enthusiasm, emanatung largely from the writers and develope.s, many
of whonu were experienced teachers Some teacher m-service was provided to
raisc awareness and facilitate implementation However, both these science
curricula .¢ now suffering from the stagnation which accompanies lack of
new content and 1deas and ef continued adequate teacher support. The crucial
1ssue 1s not the curricula per se, but the lack of a teacher development priority in
the current funding of Australia’s education system

Any curriculum can only be as good as the teachers which implemenc 1t.
This 15 true whether 1ts tentions are expressed in a package of materals as
above, o1 new ways of planuing and conducting teaching and learning wnd
assessment. Furthermore, a number of recent trends i notions of curricilum
in a number of countries, such as school-basced curriculum and assessment, and
more particularly a negotrated curviclum and goal-based assessment, place quite
news demands on teacher tme and espertise. In these situations teachers can
only be as good as the wamimg, support and ume tor development given to
thear allow them to be.

Teacher Education
Know ledge and techmiques considered necessary to “survive’ m the dassroom
are often an overwhelmmg component of pre-service traming of teachers,

In-service programmes hhowise often contre simply on exposig teachars to
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new techniques or the related ponts of view which are considered important
for the implementation of a fashionable curriculum or policy.

Insufficient acknowledgement has been given to the personal mtellectual
development necessary for teachers to improve their teaching standard or to
change their ped: gogical direction Long-term teacher change is a demanding
and complex process requiring change in all of the components of intellectual
competence (attitudes, perceptions, conceptions, and behiefs) (for example,
Baird, 1984 and 1986a; Fullan, 1985). This change requires appropriate
exneriences, opportumties for the teacher to reflect on pracuce, and protracted
support for the teacher during the uncertain and disequilibrating change
process. Short-term programmes which are essentially forums for transnussion
of information or techmques, which are removed from the school context, and
which provide little or no subsequent on-the-job support, run counter to the
fundamental personal requirements for the change process. The rescarch on
teacher concerns mentioned carliet provides a uscful frame for appreciating one
aspect of this process. It scems reasonable, for example, that pre-seivice teacher
programmes should accommodate student teachers' concerns at the levels
of ‘self” and ‘task’ early in the programme. However, it 1s msufficient to lir ut
the programme, cven relatively early on, to these two levels of concern to the
exclusion of the ‘impact” level because the levels are interdependent. For
example, a student teacher may only surmount task concerns related to
nadequate class control after having attended to the impact concerns about the
interest and comprehensibility of the material for the students. Attention to
these impact concerns may enhance teachers’ perceptions of classroom cevents,
and thus their subsequent attitudes, conceptions and behaviours. In the
same way, effective adoption of new curnicula by practising teachers requires
that the m-service support given to them addresses, m a coordinated and
continuing fashion, the differing levels of concern and the needs that anse
throughout the adoption process.

A recent trend in teacher education is related to the first of Fenstermacher's
(1986) tasks of teaching: ‘instructing the lcarner on the procedures and

demands of the studenting role’ (p. 39). This trend is towards the teaching or

learning strategics (for example, Wemstein and Mayer, 1986). For many
weachers, the teaching of learning strategies requires them to reconceptuahze
thair role 1n, and responsibility for students’ learming The focus of teacher
cducaton shifts from the commen content achievement sense of teaching
towards the task sense of helping students acquire strategies and exhibie
behaviours which are assoctated with mcreased pessonal responsibihity and
control over their own learning — in other words, tow ards cnhar« d student
metacogmition (Baird, 1984 and 1986b).
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Implications and Recommendations

Some general implications for science education arise from the above findings
— implications for teachers and teaching, for teacher education and for
cducational rescarch. Ihesc three aspects of science education are dehberately
not considered sepasately. Each aspect 1s a part of a whole, and should be
constdered thus Indeed, as I shall argue, advances m science education may
depend on closer mtegration of the three aspects.

Implication 1+ The Need te Acknowledge Complexity

To acknowledge the nature and consplexity of the intellectual and contextual
variables which influence an individual's learming is to acknowledge that
learning must always be qualified. It 1s insufficient to say that ‘Peter 15 a poor
learner’. Peter may be a pour learner

— of Year 9 mechanics (prescribed content),

— with his current teacher m his school laboratory (prescrived
classroom context),

— atthis ume of his hfe, wlen particular personal and contextual factors
— physical, physiological, mterpersonal, and social — are op.rating
(prescribed extra-classroom context),

— with his present racellectual comperence (prescribed  mtellectual
features).

All of the clements prescribed above intcrrelate to generate a particular
intellectual performance which, m turn, generates a particular level of learning
achicvement Thus, all arc important, and need to be understood before a clear
understanding of Peter’s learning can be achieved. An analogous situation
exists, I have argued, for Peter’s teacher, Brenda, in relation to her tcachig.

Inplication 2. The Need to Explain

A recent development in (aposing children to science m a number of countrics
s the large interacuive science museum that stems from the first such venture,
the Exploratorium mn San Francisco These can have a powerful positive
influence on children, through the often fascinatung phenomicna and effects
exhibited They can stmulate mterest m science and promote the relevance of
science to everyday hife.

However, there 1s an mmportant consideration regarding these displays.
“chool students aze surrounded m everyday hfe by fasunaung and wondrous
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eftects of science: The preblem for these museums 1s not with the fascmation,
but with the wonder — the want to know. It 1s with the destre and skills to
move fron observauon tu explanation, from effect to cause. It 15 not sufficrent
for science muscums to present more examples of mnteresting  science
phenomena, even if they foster my olvement and interaction. They must also
sct ot provide opportunitics tor the child to bridge mnteraction and
CNg Lmatmn No matter how mtriguing. science muscums or  science
classrooms which do not dirccthy facibtate und erstandmg of cause may have
fatied the child by reinforemng fechngs of bemng controlled rather than bemng m
control, of munudation rather than resolves of meanmglessness rather than
incomprehensibihity

Explanation is at the core of scrence education Phenomiena which are casy
to observe are often hard to explin  Understandmg of cause requires
obsct vational and meellectual skalls, reasoning abthties, cognitive strategies and
metacognitive profictenctes. Developmg these skills and abihities 1s central to
the task of the scence teacher and, to a different but still very important extent.
the curriculum  developer and scence museum creator Al three must foster
both cognitve and affective development by nurturing a sense of wonder, a
need to know and. concurrently, by teaching skills for generatng under-
standing.

The mmportance of explination - engendering positive attieudes and
productive behaviours extends beyond subjut matter to learmng and teaching
generally Learning and teaching cffecuvencss is mked to effective metacogni-
tion — to understand and to be able to explarmn why things happenr m the
classroom as they do.

Implication 3 "The Need to Descrbe

The processes of teaching and learning are complex and Lirgely about specttics
Thu . itmay be that few general laws are of sutfictent v ahidaty or importanee to
watrant bemg pursued as vigorously as before. It may be time to describe as
carcfuliy as possible the specifics of teaching and learnimg. to try to understand
more about what happus and why Such cthnographic ase studies which have
been done (for example. Stake and Easley. 1978; Elhiot, 1976-77) show that
they provide data which are understandable and salient .5 teachers and
IeseareIers

Only recently has it been fully recognized that a tremendous source of
rescarch potential has been overlooked This source 1s the teachers and the
students. Previously. almost all rescarch was done by the educational rescar-
chers. who had the time and expertise to do + For examnle, which teachers
cotla be rched upon to choose tie appropriate Campbell and Stanley rescarch
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design, or to process data by factor analysis or analysis of variance? Demy stf-
wtion of educational research has accompanied the change from the confirma-
tory to the discovery perspective With the discovery perspective, a pows erful
research method 1s action research, which can be carried out by teachers and
students. Here, the particapants in the process are those who rescarch the
process, by engaging in a cycle of observation, reflection, action, evaluation
and documentation (for example, Baird, 1984). Thi first-person research
method gencrates findings which preserve the richness and complexity of the
classroorn context. How ever, i order to do this, the teacher needs help.

Implication 4 The Need to Collaborate

Advanang the quality of science education requires collaboration — mformed,
know ledgeable interaction — among teachers, students, and cducationists 1f,
for mstance, teachers are to be action rescarche -s i therr classroom, they must
be given appropriate time, traming, and  ppott In a two-year attempt to
improve the teaching and learning m a school (Baird and Mitchell, 1986),
support for the teachers” action rescarch was provided through regular group
collaboratton among the teachers, and between them and consultants from
tertiary educanon. Sigmficant improvements m teaching and m learning
attitudes and behaviours occurred m the school but the benefits of this
sccondary/ftertiary collaboration were not simply one-way — senior edu-
cattonal rescarchers reported ganng significant sights froni the process (for
example, White, 1986)

Improvement m gencral classroor practice may necessitate change
towards more active and informed collaboiation bevw een teachers and ther
students. This increased collaboration may require prior tramng to enhance
the intellectual competence of both the teachers and their students. The essence
of this traimng is to ¢nhance metacogmtion. The difficulties experienced
attemipting to change students” existing science conceptions shoald dimumish f
the student collaborares with the teacher in momitoring and nianaging (hange
Effective implenientation of goal-based assessiaent and negottated curricutum
1s facihtated by both studert and teacher attainng an adequate fevel of
metacogmtion about the tasks in hand. Appropriate m-scrvice support for the
teacher’s needs and interests sinmlarly requires informed collaboration betw cen
the teacher and those responsible for the m-service, whoever has that role,
mstde or outside the school

Implication 530 The Need 10 Generalize

Centning research attention on speatics and rescarch mcthod on the cacher
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raises the obvious concern. how can the results be generalized to other
teachers, other content, other ¢ontexts? Generalization 1s necessary for gain
theory and practice. Case study rescarch does generahze, through the use to
which its findings are put rather than by presentiug generahized conclusions. As
Erickson (1986) argues, ‘the search 1s not for abstract umversals arnived at by
statistical generalization from a sample to a population, but for wneret
universals, ariived at by studying a specific case m great detail, and then
cowparing 1t with other cases studied in great detail’ (p. 130, his emphasts).
The reader of a case study report generalizes by generating meanmg from the
findings in terms of his or her expertences. Theory 1s generated through a
search for meaning, the people who can, and should do this for classroom
studies are the teachers.

Implication 6 and General Conclusion: The Need to Educate

Science 15 mtegral to modern society Science education 1s integral to the
education of school children. In order to educate cffectively, science education
must balance the exatement of scientific phenomena w .1 the rigour of therr
explanation. The content of school science must be made relevant to both
student and societal needs. It must be selected to allow for development m
individual intellectual competence towards the goal — the educated person, a
person who can control one’s own learnig.

The future of science education does not lic primarily in curricula or 1n
technology. It lies in the teacher of science. Teachers, teacher educators,
admunistrators, pohticians, and the public must reconceptuahze the role of the
teacher m the profession of teaching. Teachers must be recogmized both as the
executives of students’ affcctive and cognitive development and the researchers
of the theory and practice of teaching and learning. Teachers must devise
curricula and orchestrate experiences which allow for coordinated develop-
ment of students’ general attitudes, perceptions, conceptions and abilities, and
of their partcular classroom decisions and behaviours. In order to do this,
teachers must undergo a simular affective and cognitive development They
need trainmng and ongoing support from colleagues and consultants Above all,
they need ume for reflection on practice.

Linking the future of science education to the education of the teachers
highlights the role of understanding m 1ts development. Teacher reflection on
practice will mcrease the knowledge base of science education. By sharing and
reflecting upon this increased knowledge base, teachers and others may
generate mereased understandings of the meanings of the many factors which
influence science teaching and learmng, and the mechanisms by which these
factors interact. This emerging understanding will help teachers m the future to
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build more effectvely on the experiences of those who have come before,
rather than the present situation, where precious httle understanding 1s carried
forward from one generation of teachers to the next
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Learners in Science Education

Richard E Guustone

Introduction

This chapter focuses on a particular aspect of the learne = of science the nature
and mportance of the ideas and behiefs the learner brings to the science
classroom. The growth in imterest about stndents’ ideas and behefs 1s the most
obvious feature of considerations of science learning m the last decade.
Rescarch has pomted to the common existence of 1deas and beliefs before
formal science instruction is cxperienced These ideas/t hefs are frequently at
odds with the ideas of science and can be held to tenaciously by students This
1s shown particularly by the relatively common finding that students successful
or standard forms of science achicvement tests can fail to use this learned
science to mterpret everyday phenomena and analyze usual situations. Instead
the interpretanion and analysis are often undertaken with the 1deas and behefs
heid before encounterig the science o4 the classroom. Data pomting to this arc
commonly argued to mdicate superficial learming and lack of understanding of
the content of the curriculum.

In this chapter rescarch on students’ idcas/belicfs about the world around
them are mmually discussed. Views of learnmg to which this rescarch lends
support arc then outlined. In order to place these views of learning m the
broader context of existing practices in science education, the views are then
briefly considered beside those of Praget Comparing and constrasting with
Pragetian theory 1s undertaken because of the major impact on saence learnmg
research and curriculum des clopment w hich Pragetian-based 1deas have had n
the last twenty years  Attemipts to respond to the research on students’
ideas/behefs are then discussed The chapter concludes with an analysts of the
imphcations for science learning of these perspectives
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Research on Students’ Ideas and Beliefs
Interpretations of Natwral Phenomena

Thus far, rescarch on students’ 1deasfbeliefs has largely tocused on mterpre-
tations of natural phevomena. Hence, this is the startrg pomt of the
discussion. Imuially some specific examples are described.

Exawple 1 (from Gunstone and Champagne, i press)

A year 7 class was undertakmg a laboratory exercise concerned with solubithty
and suspension Fiv - substances were provided, with a small quantity of each
to be added to water and obseryed. One substance was 1n a raagent bottle with
the label ‘Sodium chloride’, quite accidently, clearly visible. Just after adding
this substance to water one student was asked by the teacher about his
progress. He responded ‘I knew that [sodium chloride] would dissolve'.
When asked how he knew, he rephed: ‘Because its got chlorme n 1t, and
chlorine dissolves i swimming pools’.

Example 2. (from Driver et al, 1985)

A physics graduate in a one-year course of teacher traming was m a group
shown a bell jar containing a partially mflated balloon. When asked to predict
what would happen to the balloon when air was evacuated from the bell jar, he
answered “The balloon will float’. His 1cason. *Because gravity will be
reduced’. (p 86)

Example 3+ (from Osbeine and Freyberg, 1983)

Laige samples of science and physics students from cach of the ages 13 to 17
years were given questions about a ball thrown in the wir. The questions asked
whether the force on the ball was up, down or zero for three positions show n
on diagrams — ball rising, ball at highest pomt, ball falling. The most common
response 1t all five age levels was ‘up, zero, down'. This response, which
embraces the belief that a force 1s needed in the dircction of motion to mantan
that motion, was given by about half of the 16 and 17-year-old physics
students (pp. 45-6)

These three examples llustrate fo 1r of the consistent findings of research
which 1s probed stdents’ ideas/behiefs.

(1) When students come to formal science learming they frequently
alrcady hold explanatory views of phenomena (as show n by example
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1) These views are apparently personal and 1diosy neratic interpre-
tations of experiences, and are often different from the explanatory
vicws taught m science classrooms.

(u)  These views can be remarkably unaffected by traditional forms of
instruction. Example 2 typifies such a arcumstance. a ternary
physics graduate who apparently contmues to interpret the world
asound him via a behef that gravity 1s an atmosphere-related
phenomenon (1.¢. without air there 1s no gravity)

(m)  Particular views can be quite common, as shywn by example 3. That
15, the finding of these 1deas/behefs 1s not a function of the sample of
students involved and one view can be held by many students (sce
also Gunstone, 1987, where data from a complete population of over
5000 scnior sccondary school physics students are reported)

(iv)  Some students can hold the scientists’ mterpretation given m mstruc-
tion togetiner with a confhicting view awcady present before mstruc-
tion. The science mterpretation is often used to answer questions in
scionce tests, and the confhicting view retamed to mterpret the world.
Thus 1s illustrated both by example 2 (where the graduate mvolved
could readily answer questions rquiring Newton's Law of Gravit-
ation), and by cxample 3 (where some of the 30 per cent of senior
students holding the force-needed-m-direction-of-motion  behef
could successfully solve standard F = ma problems).

(v, A further common rescarch finding is not illustrated by the three
examples. these ideas/behefs are often remarkably consistent across
groups differmg i age and nationahity.

A comprehensive review of the research leading to these five conclusions
1s not atterapted here. A number of such review s already exast, including books
(for example, Liwer etal, 1985, Osborne and Freyberg, 1985: West and
Pines, 1983), artictes (for example, Driver and Enckson, 1983, Gilbert and
Watts, 1983 Mc”"k skey, 1983: McDermott, 1984) and conference proceed-
ings (for example, Duit e ol., 1985, Helm and Novak, 1983, Research ot Physics
Education, 1984).

These publications also give details of the wide variety of probes of
students’ ideas/behiefs which have beea used in this rescarch A comprehensive
review of these probes 15 not attempted here. That w ould require a book 1 1ts
own right. Instead three examples of probes are driefly outhned m order to
give some feehing for the origms of the data on which this perspective on
learnmg is based The references given for cach example will allow the reader
to gain more detail The large majority of probes have mve!ed mdividaal
mterviews Usually some common stimulus (for example, a particular event or
experience) is the starung point, and then the student’s mterpretation of or
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explanation for the sumulus 1s explored without judgment of the vahdity of
the student’s interpretation. Often data from these mterview s have then been
used to generate a writter: probe of students’ views of the event or experience.
The first probe example luszrates thns

Interviewr about instancesfintermew about cvents (see Osborne and Fy eyberg,

1985)

The sumuli in the first of these (instances) are a series of drawings, each
illustrating one mstance or on: non-mstance of the science view of a concept,
for example, for the concept animal, drawings of a child, a fly, a worm, a tree
and so on. In cach case the student is asked if, 1 terms of the w ay they think
about 1t, the example 1s an ammal. The reasons for this Judgment are then
explored through neutral questions such as *‘Why do you say that?', *‘Can you
tell me more about that? From this, a picture of the student’s views of ammal 1s
derived. For concepts such as force, the diagrams show situations in which
science would have that forces are acting (for example, a person sittig on a
chair, a golf ball in the air) Students are asked if there are any forces on the
person, or the golf ball For the second form (nterviews about events)

the sumulus 1s a specific cvent, for example, given boiling water m a Jug the
student is asked what the bubbles are made of and the reasons for the response
explored In these probes. or any simmlar interviews, 1t is crucial to interview,
not teach. If the student’s ideas/behefs are to be obtamed uien evalvation of
student statements should not be m>4c through the mterview A varicty of
other forms of interview stumuh are given m Driver ef al. (1985).

Predctfobservefexplam (also termed demonstiatefobservefexplam) (see
Champagne, Klopfer and Anderson, 1980, Gunstone and White, 1981)

In this probe, the student is told of some demonstration which will be
performed (for example, dropping a heavy and a ight ball) and asked to predict
what will happen (for example, how will the tmes for the twe balls to fall to
the floor compare?). Reasons for the predictions are explored. The demon-
stration is performed. and the observation made by the student 1s probed. This
s crucal, as discussed in a latcr section If the observation and prediction are at
odds with cach other. the student’s explanation for this 1s also explored.

Conept maps (see Nevak and Gownin, 1984)

This probe focuses on the relattonship students see betw een 1deas. how they
structure ~deas Tt also differs from the other two examples m that the task
required mvolves an approach which needs to be learned Briefly, the student 1s
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cther given a numbcr of tevms or generates e terms from class notes or a teat
book, and then arranges the terms so that they indicate how the student sees
the terms to be related. A crucial aspect in this 1s for the student to draw links
between ideas which hefshe sces as related, and to write down or talk about the
form of the link. Examples of groups of 1deas we have used for concept maps
arc heart, arculation, oxygen, blood vems, arterics, lungs, and current
clectriaity, static clectricity, atoms, clectrons, metal, plastic.

Constructivist 1rews of Learn ng

Rescarch which has probed students’ ideas 1s not restric.ed to the last decade.
Examples of carher work with the focas of that described above, together with
conjecture about the failure of the work to stimulate widespread mizerest, are
given by Gunstone, White and Fensham (1988) and White and Tisher (1986,
p 884). Of course the work of Piaget (for example, Praget, 1929), bricfly
considered in a later section, 1s a major antecedent to the present rescarch.

One sigmificant aspect of the dramatic and recent upsurge of interest m the
research appears to be the growth of interest in related concerns 1 other arcas
of research, such as educational psychology. These mclude concern for
understanding in learning, for the influence of content and prior know ledge on
the nature of the meaning ndividuals construct from cxperiences, and so on.
Shucll (1986) reviews these developments i psychological rescarch and places
work on students” 1deas/belicfs i this broader context. Champagne and
Kiopfer (1984) discuss hiiks between this work and recent developments
cognitive psychology What s beng argucd i all these cases about the ways m
which individuals cevelor 1deas 1s widely termed a constructivist view of
learning.

Driver and Bell (1986) hst six 1ssues which are emphasized by a con-
structivist view of the process of learmng. Firstly, learning outcomes depend
not only on the learmng environment, but also on the know ledge, purposcs
and motivations the learner brings to the task. That 1s, the deas and beliefs we
alrcady hold will be of major influence on the interpretation we place on w hat
we are taught. For example, many stadents come to a study of falhing objects
with the view that heavier objects fall faster When presented wath the saence
generalization that acceleration i a gravity field 1s mdependent of weght.
some of these students conclude that heavy and hght objects have the same
waght (for example, Gunstone. Champagne and Klopfer, 1981, p. 28)

The remamder of the ssues Drver and Bell see as emphasized by a
constructivist view are all logically related to the first. The second of the tssues
15 that the process of learnmg involves the construction of meanings. The
meanngs constructed by tdividual learners from what s said or demonstrated
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or ¢xperienced may not be the meamngs mtended by the teacher. Of course
this implics that understanding cannot be directly transmitted from teacher to
learner sce cach learner creates hisfher own understanding. Hence the
teacher’s role 1s one of foaltating the development of understanding by
sclecting appropriate experiences. Thirdly, the construction of meaning s a
continuous and active process. The converse of this ts that mactive learners will
not be constructing meamng — where ‘mactive’ 1s used i a mental rather than
physical sense. Fourthly, having >nstructed meanings, learners will evaluate
them and consequentdy aceept or _eject them. There are may reported instances
of students who ha. o constructed the science meaning for some concept or
phenomenon, but who do not accept this meaning. This was illustrated earlic -
in the chapter via examples of students holding a science meaning (generally
used only on assessment teets) but not accepting that meaning as a way of
interpreting the world. Fifth, learners have the final responsibihty for their
learning. That 1s, learners themselves deaide what attention they give to a
learming task, construct their own interpretaticn offn, zaming tor the task, and
evatate those meanmings Simplisticaily, learners muak. their own sense of their
c..periences. Again, this points to the teacher’s role beng one which encour-
ages learners to make sense of experience rather than one which tells students
what that sense 1s. Sinth, and finally, there are communahities 1n the meanings
students construct. That is, there are many situations for which the m:anings
constructed by one group of students are quite stmilar to those of another
group

It s clear that the overarching tssue in a constructuvist view of learming is
that mdividuals generate their own understanding. 7 his proposition s central
to the generative learming model advanced by Osborne and Wittrock (1983
and 1985). In these papers, the authors place research on students’ ideas in
science 1n the context of their elaboration of generative learimng, and the model
15 used to argue implications for science learning, teaching and curriculum. The
modcl provides a sound theoretical view for many of the ideas advanced m this
chapter

Constructivnst Penspectives on Some Other Relevant Aspects of Science
Learning

This discussion of students’ ideas and behefs began with a consideration of
tdcas about natural phenomena It then sought to put these 1deas in a broader
context by outhnmg issues associated with constructivist views of learning.
These constructivist 1ssucs are clearly apphcable to aspects of science learning
other than those already addressed. Two examples are considered here as
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examples of the w.der importance of the personal construction of meaning —
the skill of observing and student conceptions of teaching and learning.

Investigations have shown two broad ways in which observation can be
substantially mfluenced by cxisting knowledge and beliefs: the oft-made
assumption that all students will see the same thing as a result of looking at the
one event is not reasonable (1.c. w hat the individual sees 1s influenced by what
the individual already believes), the legitimacy of the observation itself may
not be accepted (.. if what the individual secs 1s 1n conflict with what the
individual belicves, the observation niay be denied).

Driver (1983) summarizes the matter well: “Looking at” 1s not a passive
recording of an image like a photograph being produced by a camera, but it 1s
an active process in which the observer is checking his perceptions against his
expectations” (pp. 11-12)  Alternatively, ‘Sceing is believing, 1€ 1 hadn’t
believed 1t I wouldn’t have seen it” (Brilliant, 1979, p. 40).

These two ways in which observation 1s affected by existing knowledge
and behets are 1llustrated by brief ceference to data described by Gunstone and
White (1981) In that study a large number . certiary physics students were
given Predict/Observe/Explain tasks of the form described above. The events
mvolved a large picce of wood and a bucket of sand suspended over a large
pulley (which was in fact a bicycle wheel). For cach event the sand and wood
were initially stationary. In one case, a very small amount of sand was to be
added to the bucket. Some predicted the bucket would then move down a hittle
and come to rest again. Of these students, some reported observing a small
movement when the sand was added (cven though no one else did; and others
reported movement so slight 1t could not be seen. When predicting the effect of
adding a larg~r quantity of sand, again some suggested the bucket would fall
some distance and then stop. The observation that the bucket fell until striking
the demonstration bench on which the apparatus was mounted (a distance of
about onc-and-a-half metres) was universally given. owever, some who
predicted the bucket would fall a short distar: “¢ and then stop again concluded
that the bucket reached the bench before reaching the position at which it
would agan have been stationary.

In the first of these events (adding a small amount of sand), belief affected
the nature of the observation. in the second. beli.f seemed clearly in conflict
with obscrvation and some reconciled this by etfectively denying the obser-
vation Many more examples of this, and closcly related pedagogical issues of
importance to the learning of scicnce via observation, are given i Driver's
(198€3) insightful analysis.

The sccond exaniple of the broader influence of existing 1deas and beliefs 1s
that of students’ conceptions of learmng and teaching. As yet, less work has
been done in this arca than in others discussed. Hence there are fewer data, but
those which do exist are m many ways more striking. Agam the sigmficant
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1ssue 1s the way m which student beliefs about learning and teaching mfluence
the meaning the students construct from classroom experiences

Onc of the carly relevant reports 1s that of Tasker (1981) who outhned a
number of 1ssues subscquently claborated by Osborne and Freyberg (1985)
Among these was the observation that students often percetve science lessons
a5 quite separate and unrelated entities even though the teacher perceives hiks
and cumulative sequences to be most obvious. The behef of students s
frequently that such hinks are not expected, that learning does not ‘nvolve
forming these links. Even within a singic lesson, the purpose perceived by
students often differs from that of the teacher. Tasker noted a tendency in
laboratory classes for student purpose to be ‘follow the mstructions’ or “get the
night answer’. Such purposes are rarely congruent with the overall purpose of
the teacher. The student purpose of ‘right answer’ rings true with many scienwe
teachers when they reflect on their own approaches to undergraduate labora-
tory work.

The possible effects on the nature of learming of student behefs about
teaching and learning are illustrated with two extreme cases, one positive and
onc negative. The positive case ts provided by Champagne, Gunstone and
Klopfcr (1985) in the context of a study of mstructional attempts to change
tertiary students’ cognitive beliefs about the relationship between force and
motion They report that the significant factor in students changing thar
cogmuve behiefs was students changing their beliefs about their own learning
to encompass insights such as ‘Some people fight hard not to change
preconceived ideas’ and ‘It’s comforung to try to keep certamn ideas forever
even if there 1s a chance they may be wrong” (p. 176) The researchers argue
that 1t was only when the learners changed their behiefs about learning to
include aspects seen by the researchers to be fundamental to the task at hand
that the mtended cognitive learning was achieved. Before the change, the
lcarners held views about learning and tcaching which assumed that an
understanding of the cogmitive task could be given t¢ them by the teacher.
Once they changed to a constructivist view of learning, they were more able to
construct (or better reconstruct) thetr tdeas about force and motion. A number
of examples of the negative interactions are given in descriptions of the very
carly stages of a multi-year, school-based project aimed at having secondary
students vnderstand and take control of therr own learning (Baird and
Mitchell, 1986). In one case, after about six weeks of attemipts by a science
tcacher to move students 1 such directions, the teacher was mformed by
students that ‘We are domg too much thinkimg and not enough work® (p. 56).
At this time the students’ beliefs about what constituted appropriate school
lcarning did not inddude think:ng. There was complete disso.  ~ce between
student and cacher beliefs about Tearming This meant, of course, that the
teacher could make no progress tow ards his goal of student understanding and
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contiol of their learming until student 1deas and behiefs about learning started to
change. In a sccond case, after about three weeks i the same project, a
geography teacher reacted to the difficultics of promoting student control of
learning by writing a set of notes on the blackboard. The notes dehberately
incladed many outrageous statements, for example, ‘Soil will be lost by
cvaporation’, ‘dayhight hours vary from town to town depending on alutude’,
‘the plant’s visionary cycle and hight condensation greatly affect the amount of
hygration that can exist’ (Baird and Mitchell, 1986, pp. 30-1). Students were
asked to copy the notes, whics they did, and then to ask any questions they had
about the notes. The teacher’s recollection is that only one student asked a
question, while a student in her account of the project recollects that about five
questions werce asked (ibid, p 88). Both teacher and student mterpretations of
this incident support the view that students’ beliefs about learnmg at that time
included that notes are meaningful (and that failure to sce meaamg must be the
fault of the learner not the notes), and that notes necessarily have value, Agam,
these views were so much at odds with the purposes of the project that a
change in the views was necessary before progress could be made towards
achieving the learning goals of the project.

More anccdotal examples of the impact of student 1deas and beliefs about
teaching and learning have been experienced by teachers. students scemg
le..ning as only the reproduction of class notes, students beheving that an
understanding of some science concepts 1s not possible, and so on. In some
cases somie of these can, unfortunately, be appropriate when judged in terms of
the ways by which students know their learming will be assessed. This suggests
issues of importance about assessment and its impact on behefs about learmng
which are considered later m the chapter. The 1ssue of sigmificance here 1s that
students do hold views about what constitutes tea.hing and learning, and these
views affect the nature of student learning.

Summary

A wide variety of terms has been used to describe students’ idcas and behiefs
about the world around them. These descriprors mclude chuldien’s science,
altesnative frameworks, misconeeptions, nawe conceptions, and so on. Gauld (16%7)
has analyzed the descriptors which appear in the hrerature mto what he calls
‘basic terms” (for oxample, ideas. meanings, conceptiens, structures) and
‘qualificrs’ (for cxample, nus-, alternative, personal, mtuitive). His hst contains
a staggering twenty-five basic termis and sixteen quahfiers. Of course not all
qualifiers have been used wath all basic terms, but a surprising range of
descriptors has been used for what seems to be on sroad issue. The language
of these difterent descriptors canimply characteristics of the ideas and beliefs of
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students (Erichson, 1984). Consideration of the unplications of some of the
descriptors 1s one way of reviewing tmportant pomnts ratsed by this area of
research It should be noted, however, that the descriptor imphcations argued
in this summuary are often not intended by the researchers who comed or have
used the term Rather the imphications presented are those wiich nught be
inferred by readers of the descriptor.

Consider first the descriptor ‘nusconception’. This imiplies ‘nustake’ or
‘wrong’ Such an mmphcation devalues the “correctness of the ideafbeliet. as
perceived by the individual who has constructed the belief, and hence
underestimates the hkely tenaaity with which the belief will be held That the
ideas/beliefs are personal constructions, scen by the dnvidual to be appro-
priate interpretations of expertence, 1s argued by many rescarchers to be central
to the frequent retention of the ideas/beliefs when conflicting scrence concep-
tions arc presented i classrooms In the extreme, the labelling of a commonly
held view such as ‘human beings are not animals’ as a misconception 1s clearly
unreasonable The view is quite consistent with the socal definttion of anmmal,
as illustrated by signs proclaiming ‘ammals not allowed m this shop’, or
‘amimals not allow ed on this freeway’. It fits much of the environment of the
student, and resalts from a logical approach to making sense of the world.
Rather than being a nmsconception (nustake), the view reflects the fact that the
science definition of animal differs from the social definition. That the social
definition can be retained and used m science contexts after the science
definition has been presented indicates that the science defimition 1s not seen as
more uscful by some students.

The descriptor “children’s science’ was mmitually comed for very good
reasons — to emphasize that students construct nterpretations of their world
in terms of their experience, knowledge and language. Scientsts construct
interpretations n the same way. Hence the term ‘chuldren’s science” emphasizes
both the sinmlarity of the process of construction of meammg by children and
scientists and the differences in the outcomes of that construction Two other
possible implications which nught be draw n from the term are, however, not
reasonable Firstly, the construction of alternative meanings 1s not the province
of children alone. Adults (including science teachers) can hold to explanations
of the world at odds with the explanations of science. This 1s clear both from
rescarch on teachers” conceptions (for example, Ameh and Gunstone, 1986,
Arzi, White and Fensham, 1987) and from personal experience. Many teachers
of science have found their understanding of some concept has developed in
ways ditferent from the science meaning For example, 1 realized after many
years of school science teaching that my meaning for cvolution was much
more Lamarchian than Darwintan, My subsequent reflection suggests that ths
personal meaning arose largdly from two aspects of miy interpretation o: the
concepts. Firstly, as a physicist, I had mterpreted the ternt ‘adapt’ m a way

82




Learners i Science Education

much more consistent with 1ts everyday meaning than with the scrence
meaning (i.c. implying some sort of conscious, causal act on the part of the
adapting orgamsm); sccondly I interpreted the example of girattes’ necks, so
commonly used as an rllustrative example of evolution m general serence texts,
mh ways consistent with my personal understanding of adapt. It was not unnl
my meanings for evolution and adaptation were challenged by the probes of
understanding used by researchers (in particular, Brumby, 1984) that I came to
realize the nature ot the meaning 1 had constructed. In passmg, I would now
also suggest that the meanings for evolution and adaptation held by some text
book writers have strong traces of Lamarckian views.

So, on¢ implication which nught be taken from the descriptor “children’s
scrence” — that 1t 1s a charactenistic peculiar to children — 1s unreasonable.
Another — that it 1s confined to science — 15 also unreasonable, as already
argued in the discussion of students’ 1deas bout teaching and learming. Or
again, the term should not be interpreted as some watered down or different
form of science for children.

The third descriptor considered here raises an 1ssuc about which less 1s
currently known The descriptor 1s “framework’, usually prefaced by cither
“alternative’ or “conceptual’. The clearly reasonable logi underlying the use of
this term 1s that there are consistencies 1 the thinking shown by students’
ierpretations of the world These consistencies are found both for one
phenomenon across students, and for one student across phenotnena. The tssue
about which less is currently known 1s quite how far we should assume these
consistencies. Recent rescarch by Engel Clough and Drn er (1986) ponts to the
complexities in this issue In particular this rescarch raises the possibihity that
farllure to use the same 1deasfbeliefs across situations seen by suence as
conceptually  similar may  result from  students categorizing  situations
differently from scientists rather than from students faithng to be consistent
therr ase of 1deas.

Consideration of these three examples of descriptors has been undertaken
to emphasize the important aspects of the view of science learning on which
this chapter focuses These aspects, agam, are. individual learners construct
their own meamngs/ideas/beliefs from experience, these ideas are oiten formed
betore formal instruction, and are often different from the meanigs/ideas/
beliefs taught m science: the personally constructed 1deas can be held strongly,
be remarkably hard to change, and be used m interpreting the world
preference to eciente taught in classrooms; the personally constructed ideas
show some consistency across populations. these 1deas/beliefs have sigmificant
impact on ti. 2 nature of classroom learning, both for conceptual learnmyg and
for aspects which nught once have been considered to be content free (for
example, skills such as observing, views about what constitutes appropriate
teaching and learning).
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As an addendum to this discussion of descniptors and thar appro-
priateness, the termmology used i this chapter should be jusuficd. The
descriptor "ideasfbeliets” has been consistently used. together with the quabifier
students”. The quabfier 1 a reflection of the focus of the chapter beng on
lcarners i saence dassrooms “Tdeasfbehiers has been vsed as I seet carrying
fewer nnplications of the forn discussed above. Even so. unphations aie
there. for example “behiefs” smphes commtment and mfluence on behaviour,
1deas” may imply small and unconnected bits of personal meanmyg Both of
these nnpheations are sometinies reasonable (the first more so) and sotctimes
not. Readers world be wise to bear themn i mind as they construct their own
micaning from thrs text

Before considering the mpheations of constructivism for science edu-
catton. this perspective ts further claborated by briet discussion of some related
and wider 1ssues. The neat sectton addresses the communahues with and
differences between Praget’s theory (and the work of his interpreters) and the
constructivist view of learning as described here. This 1s done both because of
the major mfluence of Piagetian theory on learnimg rescarch and curriculum
development mosuence. and because this comparison will claborate the
constructivist position 1 dhfferent ways.

Constructivism and Piaget: Communalities and Differences

Driver (ated m Osborne and Wittrock, 1985) suggoests that three traditions
cducational psy chology have impacted on the teaching of scicnce. These are the
developmental traditton (which has emphasized age-related stages argued to
have major deternuning impact on what can be learned). the behaviounst
tradition (which has emphasized cumulatve learming through small steps and
reinforcement). and the cons L uctivist positton. It ts argued here that the work
of Piaget has charactenistics of both the developmental and constructivist
posttions. The reader should note that thes argument s presented by a
constructivist. Some exchanges between consttuctivists and Pagetians m the
hterature hase been particularly acrmmonious. However, Famon full agreement
with a well-know n Pragetian rescarcher who. i discussing eachanges between
these two schools of thought. asserts *T contend thae hetle 15 to be gamed by
presenting the two schools as irreconcilable adversanies’ (Adey. 1987, p. 7)
Head (1982) may well be nght when he argues that the most hielpful
purspective may tutn out to lic somewhere m the nuddle.

For the purposes of this discussion, the stages of development aspects off
Pragetian theory are considered separately from the processes Praget argues to
be mvolved m the construction of meaning by the mdividual. This 1s 2
dangerous eacrase, as “m Paagenan theory, much more than i most psycho-
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logical theorices, everything s related to everything else m an extremely
complex fashion’ (Groen, 1978, p. 43). Nevertheless, the division s a necessary
starting point to szeing how Piaget’s theory 1s v iew ed by many constructivists,
and how the rescarch discussed m preceding sections compares and contrasts
with the theory

Firstly, consider the views of Praget about the actine role of the learner m
constructng ideas The view that the (huld’s thinkig develops through
‘encounters with experience’, *social transmission’, ‘asstmulation and accom-
modation’ 1s clearly constructivist in the sense used here (Magoon, 1977).
Pragetian rescarchers have used the term ‘constructivist” to describe ther work.
as has Piaget himself (Gruber and Voneche, 1982, pp. xxxvi—xxxvii). The
work of Piaget has been an obvious and major fluence on rescarch probing
students’ ideas/beliefs White and Tisher (1985, p. 888) have even suggested
that this research is more the true inheritor of the Pragetian tradition than ts the
developmental-stages-oriented work so cotamon in science education m the
last twenty years. This conclusion derives from the view that stage-oriented
rescarch has neglected the mdividual by scemg that mdividual only as member
of a group

The communality of the two views of learning 1s then the common focus
on constructivism — cach position holds that the mdividual actively constructs
hisfher own meaming for expertences. The tssuc of developmental stages 1s the
substantial difference between the two.

Developmental stages are seen by Pragetians as clearly distingmishable and
successive periods of mtellectual development through which the learner
passes Each stage 1s charactenized by the form of reasonmg the child 1s able to
undertake To the constructivist the particular content on which the reasoning
is operating 1s scen to be a much more crucial factor. That is, rescarch on
students’ ideas/behiefs does not seck to establish the nature of some general
schema of reasonng across contexts, but to establish the nature of reasonmg
about a particular context. Whether or not the same reasonng :s used m an
apparently related context is a question for mvestgation (rather than an
assumption), and with ‘related’ being m terms of content rather than form of
logical reasoning used.

Which of these two conflicting views 1s to be accepted 1s a contentious
1ssuc. As a constractivist | necessarily accept that part of the answer hies i the
meanmg an individual constructs from available data. In other words, the way
m which cach of us interprets and makes sense of data relevant to this question
1s heavily influenced by the 1deas and beliefs we already hold and thus use in
our mterpretation Constructivists then see great importance mterpretations
which support the conclusion that the subject macter mvolved 1s a crucial
factor m determining the nature of the reasomng used by an mdividual, that
stages of development are much more content dependent than 1s suggested by
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Piagetian theory, and hence that these stages are not helpful m considermng
science education (for example, Lnn, 1986 and 1987, Nivon, 1978, Novak,
1978; Vosmadou and Brewer, 1987). Language is a particular aspect of the
context of reasonmg argued to be sigmficane (for example, Macnamara, 1982,
Stenhouse, 1986). Groen (1978) goes as far as to argue that much stage-
oriented research has taken the construct of stages of dey clopment out of the
context of Puget’s theory as a whole, and consequently led to practices
mconsistent with the theory. Pragetians m science education have interpreted
these data differently i suggesting that there are stages in the sense of
developmental patterns of reasoning (for example, Good, 1977, Lawson, 1982
and 1985, Shayer and Adey, 1981) In some of these sources the constructivist
argument of content dependcacy of stages 1s spectfically addressed.

The purpose of the above discussion has not been to resolve the central
question of whether or not Piagetian stages are content dependent i a way
w hich makes the construct of stages not helpful for considering the learning of
science It has been to place constructivist-oriented rescarch nto students’ ideas
mto the broader context of existing suence educational practices in order to
assist an understanding of thie rescarch The basic issue of confhet suggested
hete 1s also seen by some constructivists as a contributing factor to disappomt-
ments m provious mteractions between scence educaton research and
curriculum development.

Readers who wish to pursue further the question of stages may find value
i the brief discussion of stages and their place m Puget's theory given by
Gruber and Voneche (1982). In this anthology of lus work, Praget mcludes ma
forew ord the evaluation that the volume s *‘the best and mest complete of all of
the anthologies of my work’ (p «xi).

Attempts to Change Students’ Ideas/Beliefs

Fmdings that students, even those achieving gh grades m scwence, can
continue to use 1deas at odds with those taught m ther saence course have
produced one obvious response. That 1s to eaplore alternatis ¢ imstructional
approaches which might better promote conceptual change These explor-
ations have hirgely been motnvated by the view that fatlure to aceept the science
conception and abandon some exwstimg alternative conception necessarily
denotes madequate understanding, even if the saence coneeption has been used
to answer test questions. (Thrs notion of “accepting and “abandonmg’ carries
with 1t important assumptions that are addressed later i the section on
implications).

Rescarch which has explored conceptual change has tended to follow a
structure of first making students aware of therr existing 1deas/belicts by
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having them explam or hy pothesize about a phenomenon, then using carefully
selected events to promote conflict between new observations and existing
ideas, and finally using interactive approaches to attempt resolution of the
conflict (for example, Champagne, Gunstone and Klopfer, 1985, Nussbauin
and Novick, 1982).

Some of this rescarch has been iniluenced by the 1deas of Hewson (1981).
He argues that for conceptual change there must first be dissatisfaction with the
existing conception This alone is not enough. The new conception must also
be, to the learner, intelhgible (e be understandable), plausible (i c. appear
reasonable), and frurtful (i.c offer a more powerful or more appealing way of
conceptuahizing the phenomenon or issue). Attempts to change student
ideas/beliefs have not always been as successful as the rescarchers had hoped
Hewson's arguments about conceptual change, particularly the notion of
fruitfulness, are one way of mterpreting this. By way of illustration, work by
Champagne, Gunstone and Klopfer (1985)1s considered. That study attempted
to change ideas/behefs about force and niotion m gifted nuddle school students
and biology graduates traming to be science teachers. (The work with
graduates was mentioned above as an example of the mportance of student
views of teaching and learning.) Considerable success promoting conceptual
change was reported for the graduates, less success for the nmuiddle school
students In part this differential success can be scen m terms of frntfulness to
the learner Fruntfulness can be external or internal. By these descriptors I mean
fruitfuliness cither in terms of improved exam results, peer group acclaim, etc.
(external)s or m terms of a personally more powerful and coherent way of
conceptuahizing a phenomenon or 1ssue (internal). Internal fruntfulness 1s hard
to achieve. In the Champagne et il study, the graduates strived for mternal
fruitfulness because of their awareness of the possibility of their having to
teach these concepts to children m the follow g year. With school studcnts 1t
i1s very much harder, as shown by the many rescarch examples of students not
having any personal comnutment to science conceptions taught to them.

The notion of fruitfulness 1s interew med w ith the extent to w hich students
understand and control their learnimg. Understanding and controlling onc's
learning 1s usually called metacogration, and 1s considered further below

One other way of considering the outcomes of attempts to promote
conceptual change 1s via Rumcthart and Norman's (1978) suggestion that the
learning of a complex topic mvolves three modes, accretion (additzon of new
mformation to the learner’s 1dcas/behefs about the topic). restructuring (the
reorganizing of ideas/behefs) and tuning (refinements resulting from contmued
use ofideas/belicfs) Restructuring 1s then somewhat akin to w hat 1s deseribed
as coaceptual change above Rescarch findings such as those of Champagne
et al (1985) may result from aceretion having taken place before restructuring
was attempted  the graduates who underwent conceptual change had already
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m their memories from prior science courses the propositional statements
needed for a Newtonman view of motion, the mstructional experience then
focussed on restructuring.

This discussion of attempts to change students’ ideas/beliefs has been a
sceond aspect of the broader conteat of the rescarch considered m this chapter
The first was the relatonships of the rescarch to Pragetian theory, a third 1s
very briefly noted in the next section

Teacher Reactions to this Perspective on Learning

Teacher reactions to this rescarch have often been much more positive than
their reactions to other rescarch thrusts. This 1s well summarized by an
Australian science teacher who, on becomimg famihar with these perspectives,
said. “Some of the rescarch data and mterview transcripts were uncanny
reflections of my own expertence’ One consequence of such reactions 1s the
exstence of groups of teachers who are mvolved in reacting to the rescarch
findings in their own classrooms, and sharmg the msights they form. Such
groups exist in Melbourne (Australia), Leeds (UK), and Vancouver (Canada).
That the rescarch s sufficiently credible to teachers that these groups can exist
and grow 1s mmportant m its own right It also pomts to the potenual for
teachers to mvestigate the consequences of the rescarch and hence to inform
and improve the science education they offer to students.

Implications for Science Education

Implications for science education to be found i rescarch on students”
ideasfbehefs are meluded m a number of the pubhcations previously cited in
this chapter (for example, Priver etal, 1985 Linn. 1987; Osborne and
Freyberg, 1985). Here some selected implications are considered as issues of
particular importance for rescarch and development m science education For
conventence these are m three sections (general 1ssues of curriculum and
learming, teaching strategics, assessment), although there 1s a dear mtertwining
of the three.

Curvicuhon and Learmng

Fensham (1983) has argued that the objectives of saence education should be
reconceptualized m the hght of this rescarch. Objecuves are often currently
eapressed m terms of saience conceptual knowledge, saence processes, scienee
mnyestigations and so on. Fensham suggests an emphasis quite different from
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this present concern with placing scientists’ conceptions m students’ nunds. He
suggests objectives such as “To introduce students to examples of how
scientists have defined concepts m ways useful to them but w hich conflict with
common sense. experience, and usage’s “To enable students to recogmize that
scientists mvent general concepts which over-simphfy (or 1dealize) actual
situations’ (pp. 8-9). He sees existing common objectives as bemg concerned
with moving students m the directions of science. The six new objectives he
lists imply a shift to having students see the direction of science. Driver and
Bell (1986, pp. 454-5) express a related view when they arguc that this
research perspective should lead us to question the assumption that all students
should acquire the scientists’ conceptions of phenomena Rather, they argue,
we should judge students’ ideas/belicfs in terms of whether or not the 1deas
cnable students to function effecuvely i their world. That 1s, content and
purpose of the saence curriculum nmght be considered m terms of w hat
conceptions arc of use to students outside the classroom.

Pines and West (1986) analyze constructivist research on the learning of
science and arrive at conclusions which complement these new objectives,
They consider two sources of student knowledge. the knowledge students
acquire ‘spontancously” from their mteractions with the ens ironment, and the
knowledge students acquire in a formal fashion through the mtervennon of
school Depending on the concepts and mdividuals mvolved. the two sources
of knowledge can be in conflict, be congruent, or exist alone. As a result of this
analysis, Pincs and West suggest that science learning should be considered
terms of three framew orks conceptual devclopment (w here the major learmng
15 the development of formal know ledge), conceptual exchange (where the
major learning is resolution of substantial conflict betw een the two sources of
knowledge), and conceptual resolution (a posttion mtermediate between the
other two). They argue that both the purposes and practices of scrence
cducation should reflect these three frameworks. Different concepts and
teachingflearning  strategies  are  suggested  as appropriate  for ditferent
frameworks This leads to the important pornt that no one learning sttuatzon or
one curriculum approach will encomipass all aspects of students' ideasfbeliefs
(and hence a qualifying comment was made in a previous scction about the
common assumption of ‘accepting’ and “abandoning” concepts in attempts to
change students’ deas/beliefs)

The Pines and West analysis also suggests that it may be that no one set of
purposes is always appropriate for science education For some conteats and
learmng frameworks more radical purposes will have greater value for
students, in other cases this may not be so.

Even if the challenges to existing purposes for science cducation con-
sidered here are not aceepted. one sigmificant curriculum implhcation remans.
It genuine conceptual understanding 15 a scrious purpose for our suenee
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courses, then it must be noted that the evidence 1s strong that this 1 frequently
not being achreved Many writers have described this m ways which contrast
quality m and quantity of learming. It scems most unhhely we can achiey e both
quality and quantity 1f quality (genume understanding) 1s to be scriously
attempted, then we must spend mote tme des clopig ideas and henee aceept
that we will embrace less content 1n ow courses.

Teacling Stratcgies (Better Deseribed as Learnng Stategiey)

The quabfier m this sub-hcading has an obvious purposc. It 1s to cmphasize
that 1t 1s learning that 1s of prime significance i classrooms, and that teaching
strategies should be judged 1 terms of the learming they promote. This 1s
particularly significant when considered n the hight of Hewson's (1981) views
of conceptual change discussed previously. Most standard teaching strategies
concentrate on making content or task “intelligible’ to students. The require-
ments of ‘plausibihty” and *frmrfulness' present quite different problems for the
teacher. Rather than the traditional "How can I explam it better?, the teacheras
led to "How can I make this interpzetation/model/generahzation, ctc. appear
believable to students® and ‘How can I show this meerpretation, cte. to be more
uscful (in particular contexts or gencerally) than the one they currently use?”.
These are fundamental and difficult questions with no simple answers. In part,
they relate to the next section on assessment The questions also raise
umportanit 1ssues about teachmg strategies Two aspects are briefly considered
here.

() The methods used to probe students’ ideas/behiefs are also, almost by
defimtion, excetlent teachmg/learning strategics. In part, these probes
of understanding have been used by researchers because of the ways
they promote  student antrospection and  hypothesizing  about
phenomena.  These  quahtics make  them  excellent  teaching
approaches, although their use mevitably requures a classroom where
genuine discussion and debate are aceepted as appropriate learning
behaviours by both teacher and students.

For example, consider the Prcdlct/Obscrvc/Expl.nn techmque
for probing ideas. Examples of this given above have obvious
teachingf/learning value, but only if students” predictions are not
cvaiuated. If evaluation takes place, students wall quickly fall into the
pattern so comtnon on tests, and give the science coneeption whether
or not they have any commitment to this. The observation must also
be taken seriously. If not all students make the same observation, ths
needs to be discussed and considered. If the task 1s mtended to
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promote an understanding of a generalization which 1s not supported
by dircct observation. this also has iphcations which cannot be
ignored. This is well llustrated by the example of dropping heavy
and hght balls menuoned previously. The prediction of heavier
falling faster 1s made by some students on the basis of previous
obscrvations they have undertaken. And they are correct. The science
generalization of cqual acceleration 15 an adealized one It 15 only
approximately ‘confirmed’ by observation for a lmuted range of
objects and a very Lnited range of distances Finally the reconcihauon
of prediction and observation generally requires considerable debate
and reflecion. Using Predict and Observe and then asserung the
explanation will have httle impact ¢xcept, perhaps, to confirm some
students’ beliefs about the inherently dogmatic and non-under-
standable nature of school science.

Many references given above as reviews of this rescarch and as

contaming details of probes of understanding also indicate the
teaching potenual of the probes. Osborne and Freyberg (1985) and
Baird and Mitchell (1986) are particularly valuable.
Probes of understanding often point to implications for the use of
traditional approaches to the learning of science The discussion of
Prcdlct/Obscrve/Explam above 1s an example, in that this 1s essen-
tially an alternative approach to using demonstrations. The discuss-
ion of students’ ideasfbeliefs about teaching and learning in a
previous section raised important issues for the consideration of
laboratory work, m particular the common faulure of students to
recognize and 1espond to the teacher’s purpose for the laboratory
exercise. Gunstone and Champagne (in press) consider imphcations
for laboratory work.

Assessment

The issue of assessment has also been mentioned 1 a previous section. The
significance of assessment for student learnmg 1s best scen m terms of
fruitfulness, particularly the distinction between mternal and external fruie-
fulness alrcady described In 1deal classrooms contaming 1deal students no
doubrt all would seck internal fruitfulness. However this is never the case.
Student ossessment is frequently the most obvious and most mmportant
influence on what students will sce as fruitful. The cvidence 1s strong that
traditional forms of assessment do httle or nothmg to make fruitful the
substantial cffort required of students to construct an understanding of science
concepts. This implies that alternative assessment approaches are a necessary
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part of encouraging students to seck understanding. A substantial discussion of
alternative modes of assessment, thetr purposes and places is agan somcething
which would require a book in 1ts own right. Only two rather obvious points
are made here. Firstly, any reconceptushzation of the objectives of science
courses carries a clear obligation to reconsider assessment practices so that they
reflect the new objectives. Secondly, alternatiy e assessment practices are again
suggested by probes of student understanding (and. again, the reader 15
referred to previously cited reviews).

Conclusion

One common thread can be seen m the discussion of impheanons of research
on students” ideas/beliefs just completed The suggested new objectives, new
ways of thinking of learning, new teaching/learning strategies, and thoughts
onassessment all pomt m some way tow ards the importance of metacogmtion.
Having students understand and control their own learmng 15 a major step
towards accommodating many of these 1ssues This thrcad can be traced
turther back through the chapter It s fundamentally consistent wath a
constructivist view as well as bemg a logical consequence of the view,

Attempts to have students develop thair metacogmtive msights and aceept
the importance of metacogmition for learning have been made (Baird and
Mitchell. 1986) Some substantal success has been achicved, but has taken a
considerable time. has mvolved teachers accepting different purposces for thor
courses, has involved the use of new teachmg/learning strategies, and new
approaches to assessment. What 1s of major sigmificance 1s that the nature of
learning outcomes has been clearly changed by the focus on metacogmtion.
The development of this change in the nature of what 1s to be learnt m science
cducation 1s. I argue, the most important response to research on students’
1deas/belicfs.

One final comment about this rescarch area 1s needed. As Pines and West
(1986) arguc, rescarch on students’ ideas/behefs mught hinder rather than help
science education Some researchers have a tendency to use ther dats to
ridicule students” and teachers™ ideas/behiefs This interpretation of the research
thrust 1s often associated with “attempts to “butterfly around the curriculum™
i scarch of new misconceptions and trying to motivate teachers to remove
these nusconceptions from their students .. " (p 597). Such approaches devalue
the efforts of learners to construct meanmg Flence the issuc of real importance
in the rescarch — that learming 15 a constructivist process — 15 missed and the
multitude of positve reactions is ignored. Such researchers and developers are
1ignoring the fact that their own learnmg 15 also constructivist in nature.
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What Children Bring to Light:
Towards Understanding What the
Primary School

Science Learner Is Trying to Do

Bonnie L. Shapiro

When I heard the learn’d astronomer,
When the proofs, the figures, were ranged m columns before me,
When 1 sitting heard the astronomer where he lectured with much
applause in the lecture room,
How soon unaccountable 1 became ured and sick,
Till nsing and gliding out I wander'd off by mysclf,
In the mystical moist night-air, and from tme to time,
Look’d up in perfect silence at the stars.
Walt Whitman in Leaves of Graes, 1965,

Difficulty in Science Learning: ‘Weakness’ or Window?

Walt Whitman’s poem exemplifies a dilemma and a concern for science
educators Here s the student, attracted to a lecture, meerested m and wanting
to know about astronomy, yet when confronted with the mstructor’s sys-
tematic presentation, ‘the proofs, the figures's he becomes ‘unaccountably
ured™. Empty. He is sickened and leaves. And i this feaving we feel the
learner’s profound sense of rehief. For some science educators, however, this
student’s experience 1s not counted as a ‘valid' one.

Issac Asimov, the foremost writer and populanizer of scence, argues that
in this poem, Walt Whitman s “talking through his hat, but the poor old soul
didn’t know any better” (Asimov, 1984). In Asimov's view, Wlitman ignores
the beauty and sense of wonder which 1s to be gamed through saence study,
suggesting that those who cannot “stomach’ the presentation are mussing out
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on the true splendour and wonder to be gained m a stady of the umiverse. In his
view, an accumulation of factual know ledge i science is the best way to attan
an appreciation of the amazing patterns and beauty m the universe. According
to Asmmov, “.. the poor old poet never knew what a stultified and hnuted
beauty he observed when he looked up in perfect silence at the stars.”

But perhaps Whitman makes, through this poem, an important comment
which cannot be so casily argued away For if we carefully listen to this
person’s experience it may become a window, enabling us to become more
wide-awake to the learner’s experience, understanding how 1t 1s that aspects of
the very nature of the process of this student’s education m science have turned
him away To understand students’ difficulues and frustrations m learming
science, we must understand what our ow n assumptions about learming science
are, how they affect students, and we must listen more to students describing
ther expertence themselves.

Educators’ Assumpticns about Learning in Classrooms

Most educators have ideas about .ow their students learn best, and strive to
build this thinking into the mstruction which they offer. Many educational
programs are also rooted in 1deas which curriculum writers hold about the
nature of students and how they learn. Naturally, the proponents of an
educational program believe that their way of viewing school learming 1s the
best approach for learners, but it is also often the case that the actual
participants may not be aware of the proponents” basic assumpitons about
learning. Research in science education is also b ult upon the assumptions
about learnmg  Curriculum programs which claim to be based on rescarch
findings, then, must also be based upon the assumptions which are the basis of
the research

In the effort to understand science learmng m the primary (clementary)
school 1t is useful to reconsider some of the fundamental assumptions about
students and leariing which guide curriculum writers, rescarchers, and the
teacher’s direction of classroom cvents.

The Student’s Mind as ‘Blank Slate’ — The Impact of Curriculum upon
the Student

Throughout the 1960s and 1970s rescarch on teaching and learning and 1ts
subsequent apphcation to the development of science curriculum matet.als w as
based upon a modcel of school learning rooted m the fanuhar “tabula rasa’
metaphor In this view the learner’s nund is scen as ablank slate’ to be filled by
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the teacher. The learner comes to school to be ‘learmng outcomed’, that 1s, to
cventually cemerge from school with ali or most of the predetermuned
objectives of the curriculum, or of the teacher, securely fastened i mid. The
‘blank slate” metaphor is further maintamed by ey aluatng the learner at the end
of cach ‘learning sequence’ Here the learner 1s deemed to have either succeeded
or to have failed to accomplish the stated objectives. Success m such a learming
system means to exist with the correct answers to the questions posed by the
curriculum or the teacher. This s usually the only outcome which 1s valued m
an extreme application of this approach to learming. The learner who fails 1s
casily and systematically ‘recycled’ back through the experience until success 1s
achieved or until the learner drops out, whichever comes first. It 1s not the
experience of the learner that 1s paramount here — 1t 15 the effect of curriculum
upon the student that matters.

This approach to school learning with its assembly line view of student
progress was in wide use mn the 1960s, changed very httle into the 1970s and
evennow is widely in use in the late 1980s In recent years, some practitioners
and a number of educational rescarchers have insisted that new or alternative
sets of assumptions should replace the *blank slate” metaphor. It1s argued that a
complete explanation of how leariung occurs i the classroom must include a
consideration of the experiences of the learner, the key participant in learning.
As Biophy noted in 1982, ‘For the most part, educational rcscarchcrs have
considered students only as objects of teacher activity’, but now, ‘.. a complete
account of classrooin events will have to include, besides mformanon about
teacher behaviour and its long-term effects, information about what students
arc doing in their classrooms and how these activities affect their perceptions,
knowledge and beliefs.” Little rescarch 1n education, however, has actually
been undertaken to document and convey such insights. ‘Emphasis upon the
person-as-meaning maker is a dominant theme i educational theorizing, but
in practice, the phenomenological world of the learner 1s often neglected” (Pope

and Gilbert, 1983).

Studies in Science Education Which Focus on the Learner

Somc efforts from the late 1970s have attempted to shift the focus of rescarch
attention to the learner. In science education this attention to the learner has
produced studics primanly concerncd with learners’ preconceptions about
natural phenomena. The major effort has been to clanfy the ideas learners hold
about a particular phenomenon before they experience classroom mstruction.
Hence, we know that children’s pre-instructional 1deas about natural
phenomena can be very different from those which they are asked to accept m
school, the scicentists’ 1deas aboat the nature of phenomena. Learners' deviations
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from scientists’ views were labelled *‘muisconceptions’” m a number o these
studies which set out to 1dentify these wrong 1deas, which learners hold and
often cling to tenaciously in the face of science teaching. It has been suggested
by many rescarchers that the mam thrust i the next steps 1 work n this arca
should be upon efforts to bring about conceptual change in learners. Posner,
Strike, Hewson, and Gertzog (1982) present as ther central argument, that
learning is a wholly rational activity in which learners must make judgments,
based on their interpretation of the available evidence, about the rattonahity and
intelligibihty of arguments presented to them.

Several concerns make this view problematc. First, imphcit in 1t 1s a
conception of the human miud as an entity which is separate from the person.
This is an old assumption which, as Nyberg (1971) wrote, sces the mimd ‘as a
special isolated datum that functions discretely and 1s to be approached directly,
as onc would am at a target’. In holding this view, we may ignore the
mportance of the impact of factors like the mdividual's fechngs on the learnmg
process, and the learner’s image of science, of science knowledge, and of
his/her social mteractions in the classroom with other learners and the teacher.
Any of these may positively affect the learner’s persistence and delight m
learning, or may scrve to cnhance the learner’s feehngs of inadequacy,
frustration, or ahenation from the experience.

Freyberg and Osborne (1985) noted that it is likely that the attempt to
generate and use any model of learmng unavoidably causes some gross
oversimplification of what actually happens in practice. No model 1s hkely to
be completely useful in helping us to understand all of the complexities of the
learning process, so it is all the more important that we are aware that the use
of our models might cause us to overlook some important complexities of the
learning process.

The Need for Studies Which Focus on the Leainer as an Active Participant
in Science Learning

The studies to deternune students” ideas about natural phenomena have
revealed a great deal. The ideas learners hold prior to mstruction have been
found to greatly influence learming. Learners more readily acquire new
knowledge when they are able to rclate 1t to alrcady existing tdeas or to
language which they alrcady possess In this way, 1t 1s argued, new 1deas ‘make
sense’ i terms which are already familiar to students. Yet the expertences of
the learner in many of these studies have stll been stated i terms of factors and
situations that are external to the person The implications of these studics are
then also stated m terms of yet other, albeit different external impacts upon the
learner, seeming to 1gnore the value of the enthustasm and willingness of the
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child to learn, or of the frustration and alienation which the Iearner nmght hold
for those experiences.

As I reviewed the now abundant hterature available, there scemed to be a
need for studies which take the contribution of the learner mto account
Extensive experience with young learners of science and i the development of
curriculum materials has made me a frequent observer of scicnce learners. |
envisaged a different type of study to be based upon the assumption of the
learner as an active participant m science learming. A number, among the
conceptions rescarchers, also view the learner as a maker of meanmg, an active
participant in the process of learmmg, and one who can take a major
rcsponmblht) for his or her ow n learning behaviour, Wath this ‘constructivist
perspective’ (Pope and Gilbert, 1983; Driver and Oldham, 1985; Magoon,
1977; and Watztawick, 1984) such rescarchers are interested m understanding
the processes by which children contribute to their own school learnmg
experiences. The child’s experience of school learning 1s, then, viewed not only
in terms of ultimate cftects of amiculum upon the learner but m terms of the
learner’s active involvement with the cunviculum. This body of research 1s gamng
mncreasing credibility, comment, and audience in the science education com-
munity. It certamly has moved coneeptions rescarch much more tow ards the
learner’s experience than some of the carher studies did My concern with the
learner’s interest in that experience or 1 a topic to be learned at schools 1s
perhaps another step in this direction that rescarch studies need to take.

My own rescarch into the process of children's learning m science
(Shapiro, 1987) grew and developed through an interest understandimg the
complexities of children’s mteraction with a science curriculum. From my
preliminary studies a number of obscrvations scemed very sigmficant. Within
the same classroom, several children had held nearly 1dentical 1deas about the
nature of hght hefore instruction, but, even though the entire class receved the
same mstruction, only some of these children changed therr 1deas. This
occurred cven when the children’s incorrect notions about the topic were
exphcitly addressed by the teacher. I wondered how thus difference m
mdmviduals nught be explamed And why was 1t that one chald dehghted in the
advent of the science period while another viewed its approach with dread and
loathing? What were the children’s beliefs about what they w ere accomphshig
as they learned science? Was there a relationship betw een these beliefs and the
ways that they thought and behaved during science study? It seemed that there
were factors other than children’s previous 1deas about the nature of hght
which mteracted with and affected their thiking about 1t, and m some
mstances mfluenced whether or not a change mideas occurred. It seemed that
these other ‘scts’ or ‘constellations’ of factors were mterwoven with the
children’s pre-mstructional ideas and the experience of classroom learmng, and
could possibly hold even greater persistence over time, m a learner’s ongomg
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experience of learmmng science m school, than his or her changing 1deas about
the nature of phenomena. I was convinced that these factors should also be
explored in an account of science learning and conceptual change.

Smce these factors scemed to be highly individual, an exploration of them
would be unhikely to result in a set of general, normed statements, disembodied
from real people Although general statements of learner understandings or
trends m learner ideas are clearly very useful to educators and curriculum
developers who are interested m the concepts most hiely to cause difficulty, it
is also clear that not all learners do encounter difficulty, nor do they approach
their studies m the same ways. Accordingly, my study should provide an
account and an understanding of how mdividual children’s ideas, feclings, and
their approaches to science learning mterweave and nteract.

It also became clear from the interviews, which I conducted across grade
levels m these prelinunary studies, that regative feehngs about science study
can begin when learners are very young. It seemed all the more important to
conduct an mtensive study of mdividual ckildren learnmg science wlich
documented for teachers, student teachers, researchers, curriculum developers.
parents and for the learners themsclves, not only children’s 1deas m science, but
how they felt about what they were domg and what they, m fact, were
attempting to accomplish in their science learning.

Integrating the Two Research Perspectives to Inform Our
Understanding of Young Children Learning Science

Two rescarch perspectives that have been described have contributed to my
study as 1t attempted to convey some of the complexities of children's
experiences as they learn about a specific topic in science class. The first
perspective saw them bemg asked to accept ideas m science class which may be
completely new or are even nonsensical to them. The ‘blank slate’ metaphor
could be appropriate, as these children or some of them may be completely
‘blank” about a new 1dea which they are asked to accept.

The second rescarch perspective would sce the children in my study
building ideas m the classroom largely through their own actions and cfforts to
understand and relate to their previous ideas and experience. When a child 1s
asked to consider a new idea about natural phenomena, whether or not the dea
will be considered plausible or convincing will depend on how and from what
background he or she approaches the idea. Some children approach new ideas
m a rational-logical manner, considering all of the evidence available, then
makmg a deasion Some learners will simply memorize the idea. The visitor to
any prinary classroom canuot ignore the variety of approaches which children
take when mvolved in ' _ process of making a new 1dea their own,
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Both these research perspectives were also useful to me in documenting
the interaction of children and new ideas in science. Children’s 1deas about hght
arc described along with portrayals of each individual’s unique approach to
study of the topic content. Individuals 1n the study held very different 1images
from onc another about the trustworthmess of science know ledge. During a
science class some children focused upon and showed an mterest in one type of
learning activity, such as class discussion. while others appeared to be bored
and uninterested. By their actions, these learners ived out the different images
which they held about what was important and interesting in the experience of
the study of hght.

One of the chief methods of the study was to engage in conversation with
cach child over an extended period of time. In this way I was able to become
thoroughly acquainted through the language they used with the various
approaches cach took in the structured study of science, and hence I was able to
document the interaction of each child’s approach to science, along with
his/her interpretation of new ideas and the clements of the science story
presented in the classroom.

Themes for cach child emerged from the records of interviews, the
analysis of survey information, from a research techmque called repertory gnd
clicitation of personal constructs, and from reflection on my impressions of
comments and behaviour, as I observed and interacted with these learners.
These themes were portrayals of pattern in the child’s approach to science
study, and personal orientation to science study was a construct I found useful in
describing the patterns of themes of each child’s approach to science study.
These themes were repeatedly seen in learning incidents, interactions, and
conversations with cach child. Examples or ‘paradigmatic instances’ of cach
child’s thought and action were selected from my records. Personal Construct
Theory was the theoretical foundation of this aspect of the study and 1t guided
the collection of information and the organization of the examples presented in
the case study reports. Because this theory attempts to explain how different
individuals create meaning in the circumstances i which they find themsclves, it
proved to be a particularly appropriate research approach m my attempt to
understand the interweaving of ecach child’s dialogue with the eaternal
presentation of information

The Metaphors of Personal Constsuct Theory. “The Pevsont as Scientist. The
Person as a Form of Motion’

Personal Construct Theory was mvented by George Kelly (1955) as an attempt
to integrate a theory of personality with a theory of knowledge. Kelly

considered cach person to be an ‘intuitive scientist’, 1 that the individual 1s
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formulating hypotheses about the world, collectung data that confirm or
disconfirin these hypotheses, then alt.ring his or her conception to mdude any
new information. Thus, Kelly asserted, every person operates 1 a manncer
similar to the scientist who clearly and deliberately attributes meanmg to the
topic under study. This analogy to the ‘person-as-scientist’ does not preclude
the possibility, for example, that an individual could possess an entirely aesthetic
sct of anticipations, expectations or oricntations to science learning. Human
beings arc thought to behave “like scientists” in that their actons m the world
are affected by the anticipations, expectations, theories or assumptions about
the particular circumstances in which they find themselves.

Kelly also considered the person to be a ‘form of motion’. He saw the
person always ‘moving’, always interacting with the environment and there-
fore always changing. This analogy to movement emphasizes his rejection of
the view that knowledge possession means acquiring an ever-growing collec-
tion of substantiated ‘facts’. It is the unique exploration and interpretation of
the environment which Kelly considered to be the key to understanding the
person The person’s construction of reality 1s not enly a rational activity, but is
an active, changing, creative, emotional, rational and pragmatic activity. This
constructivist view goes considerably beyond that of Posner e al.

As cach child’s actions and personal orientation to science learning werc
documented throughout the study, the ongoing changes n the children’s 1deas
about the nature of hght were also presented, thereby interweaving once agam
the perspective of the first rescarch approach.

A Study of Six Young Children Learning Science in School

Mark, Donnte, Mclody, Martin, Amy and Prerre were three boys and three
girls 1n a grade 5 class whom I observed and spoke with over a six-month
period, before, during, and after their class study of the topic, light. The
children sclected for the study had experienced varying degrees of success in
their overall school program. Two students experienced a great deal of
difhiculty and attended specal daily classes in mathematics and reading.
Another two students were considered to be relatively average students. The
other two were considered to be making high quality progress i their studics.

Iinterviewed cach one to determine his or her ideas about the nature of
light prior to instruction in this topic. I also used surveys, group discussion,
samples of students’ written work, observation, mformal conversation, and a
reflective journal in my attempt to understand cach learner’s experience of
learning about light m the classroom. Durmng the study, 1 videotaped all of the
lessons presented m the unit After the lessons, cach learner i the study group
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discussed with me his or her ongong ideas about hght, and thoughts and
feclings about the experience of science learning. Analyses from all these
sources were developed into an individual case report for cach of the six
learners. [ also explored the mterplay of the exteraal presentation of content
mformation by the tcacher, Mr Don, with some of the personal, mternal and
mterpersonal factors which affected their processes of learming about the topic,
light

It was not surprising that there were many similanities among the ideas
which the children held about the nature of hght prior to the study as they have
been well documented by other rescarchers (Guesne, 1988, Andersson and
Karrquist, 1982, Anderson and Snuth, 1983; Stead and Osborne, 1980; and
Jung, 1981). But the children’s approaches to learning about light n class, were
strikmgly ditferent from one to another They appeared to be guided by such
diverse factors m the mdividual learner as the image held of sclf as science
learner, by the learner’s mterest m one type of experience over anotner during
the class sessions, by the mmage he or she held about science and science
knowledge, or the ways that mteraction n large and small group scttings were
viewed and valued During the study, cach learner was guided by a different set
of these factors as he or she approached science learming.

The followng sclections from one learner’s case report and some sum-
mary findings from others' reports are presented to show the kinds of tdeas
about hght and the images of science and science learning which interweave m
some of the children’s experiences in the classroom

Mark: Excerpts fiom a Case Report

Some of Mark's tdeas about the natwe of ligh

Before the umt began, Tinterviewed cach child to deternune therr ideas about
the nature of hight and any evidence of previous experiences or attitudes which

l
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Figure 1+ How does hight allow the chitd to see the house?
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had been developed concerning study of the topic. In one question they were
shown a diagram (Figure 1) and were then to use arrows to show how light
allows the girl to sce the house. I discussed the example and the drawing
provided by cach child to attempt to get an in depth grasp of cach individual’s
thinking about the question.

Mark drew in the following lines:

=) 3

Figure 2: Mark’s response to the question posed by figure 1

He told me that "light lets the boy sce the Louse because hight falls from the sun
onto the house’. Mark said that ‘the boy sces the house because there 15 enough
hght so that his eyes can sce, and then the signal goes to lus bram. That's why 1
have these hight rays coming from the sun, and then hitung the house. The
lines from the boy mean that he 1s sceing the sun and the house.' Tasked if any
light was bemg reflected from the house to the boy. He said ‘no’. In this
discussion Mark was not making reference to the scienufically accepted
idca that hght rays reflect from objects mto our eyes, thereby allow ing us to sce
objects.

Mark — The appreciator of science knowledge

At age 10, Mark was the youngest child m Mr Don’s grade 5 class. Mr Don
regarded him as "a good student, a rcasonably well-behaved boy, though a bit
young in some of his ways of rclating to others' To mdicate his level of
enjoyment of science, Mark checked the highest rating possible, ‘I really hike
it"", on a survey which I asked the children to fill m carly m my visit. In fact,
Mark embellished lis check mark and added an exclamation mark for
emphasis. Mark’s view of himself as a learner of saence became clear to me
immediately, and 1t was summed up n this comment durig our first mterview

I find science pretty casy most of the ime. I get things mostly that the
other kids don’t, or, er, um, that they sort of have trouble with.
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Not only did similar comments reappear later in the study, but I observed how
on several occasions Mark did indeed grasp difficult concepts and put ideas
together more accurately and effectively than his classmates. His self-
confidence was apparent. This representation of limself fo himself as a
sclf-assured and successful learner of science, became the first theme m Mark
casc report

Tneme 1 Self characterization: *I'm really getting all of it and I feel sure
of myself and what I'm learning. And I'm really enjoying
myself.’

Researcher image[umpression: A regularly successful science
icarner. Assured and self-confident.

Part of the evidence for each theme 1s the comparanve statements Mark (and
the others) produced in response to my use of the Kelly repertory grid
technique

One lcarning incident, some tme into the study of the topic, was
particularly hzlpful in revealing the extent of Mark's ability to connect 1deas
about the nature of light. In 1t he came to some conclusions which were
extremely difficult for many other members of the class to grasp. It was
interesting that Mark came to understand these new i s even though his
pre-instructional ideas were not at « . hike scientists’ 1d.4> about the nature of
hight. In fact, his ideas were very similar to those of the majerity of the other
children 1n his class,

Mark’s revolutionary thinking

On 13 March, after six light lessons, Mr Don, the classroom teacher, said he
expected that T would find that the children would enjoy the next lesson
entitled ‘So Decerving'.

Two mystery problems were presented m this lesson. First, the learners
were instructed to place a coin in an ordinary saucer. They then were to move
away from the saucer, crouching down, to the point where the comn dis-
appeared from view, yet still keeping the saucer edges in view. Water was then
to be slowly poured into the saucer As the water was slowly poured in, the
learners were to remain in the crouched position, watching the saucer closcly,
and as the water level rose, the ‘invisible’ coin appeared! The problem for them
to explain was how it could be that they were not abie to sce the com at one
point, but ther, with only the slow addition of water, they were suddenly able
to see the coin reappear! The second activity instructed them to place a penail n
a beaker half full of water (sce later in this chapter).

In the first example, Mark watched with the others in his group as the coin
in the saucer slowly appeared Mark then suddenly jumved up. He pointed to

106

121




What Childien By ing to Light

the coin and said excitedly to the others:

I know! I know what's making it do that! It's the hght rays. The
water's bending them! The water's bending the light rays!

The other three looked at the saucer, at Mark, and at one another, and appeared
perplexed by his comments. They seemed to ignore Mark and conunued
looking at the saucer from different ang'=s, making statements of observation
to themselves. Mark repeated his 1dea They hstened, but, again with shrug-
ging shoulders and quizzical looks, appeared not to understand. They con-
tinued to look at the saucer and proposed explanations about what might be
making che coin scem to 'float’ to the surface of the water.

Sceming undaunted, Mark watked over to Dommnie and Carey’s table. I was
told Carey and Mark had a very special friendshap, a ‘crush on cach other’. This
scemed to serve as a very effective opportunity for both Mark and Carey to
verbalize their ideas and findings in various subjects to one another on a regular
basis. Mark pointed to Carey’s saucer and proclaimed, 'l know why 1t’s doing
that!’

The importance of social and collaborative factors in the development of
students’ ideas was much n evidence in this study, cven though n this
example Mark was having great difficulty sharing his 1deas. Mark often had a
strong cffect upon Carey, less so with the other students, but on this occasion,
Mark’s msight was beyond Carey's grasp. She looked up at Mark and said. *Oh
ycah, really?” She did not possess Mark’s new msight at this point nor did she
ask for his explanation, she continued watching the saucer. Mark chose not to
push forward his wonderful idea at this pomt, and I wondered if he nught be
shghtly discouraged by the lack of enthusiasm of his classmates, but he
emptied his saucer, then hterally hopped and skipped back around the
classroom to lus desk He did not try again to convince his own group of the
correctness of his idea, but carefully wrote his explanation on his worksheet.
Jason, who sat next to Mark m the science group, watched him put down his
answer, then conscientiously copied Mark's answer word for word mto his
own notebook. It was only much later that several other learners in the class
did finally reahze what Mark had been trymg to tell them.

Mark had been able to explain changes in the appearance of objects which
scemed magical and beyond the comprehenston of nearly everyone else n his
class. T spoke with him after the lesson

Ms Shapiro: I'm very interested m your telhing me more about the activities
which you have been mvolved with today. Lheard you say, all of a
sudden, as you were looking at the cotn, ‘It’s the reflected hight!” |
wondered 1f that 1dea came te you all ot a sudden, or what 1t was
like at that time, what happened for you there?
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Well, hummm T guess its dhat 1just hike science a whole lot, and 1
Just think that 1t was because of bemg, um, of remembering from
before.

I'see. You know . at looked hhe the ideas came together for you all
of a sudden. Bur you say you remembered from before,

Well, yes, it was sort of all of a sudden. Well, I knew the, um,
pretty much the ideas. what were gomng on before.

Oh. I see Can you tell me what you remembered and which
expermments you tound helptul?

Well, um I guess mostly when he told us about the hght, how
people used to see things, like they thought they saw things by
somethmg coming from your cye, or thought 1t was conmng
from your cye But we know 1t doesn't now. And the one, well 1
guess, with the beaker and the hght beams bending through rhe
water, that one was the one that helped me the most That
show ¢d me how' the hght bends and all when 1t goes through the
beaker and water, you know, from the light source?

Yes, [ remember that. When you started to tell the others n your
group today that it was the hght that was reflecting off of the
corn, how did they rcact?

Oh. yeah They acted sort of surprnised and stuff. At first they
didn’t understand 1t and so then I told then. agam. They thought
that the penny floated up to the top or something. (Laughs) 1 told
thent that the hght was domng at. It was the refleceed hghe.

Yes, but when the whole class discussion took place later,
and when Mr D, was asking, *What was happening, why do we
sce the penny, why do you sce the coin there?” everyone
gave different answers. 1 wondered why, 1n the class discussion,
that you warted until the end of the discussion to give your
answer.

Well, 1 was, sort of trymg to figure out what, um, 1f I was nighe.
So, you weren't quute certam whether or not v 1 were nght
No Well, I guess. But | just wated

But then when you finally did give your answer were you sure
you were right then?

No. (Laughs) Not really at all. But see, | was going a way back n
the begmmng and putting things 1 learned together, and 1 didn't
um, | thought 1 was night. but, I could have been wrong, too. |
guess, um, it just scemed to fit all together

Was there a particalar part of this actuvity that you found that
made it most clear to you?

Well, like 1 smd, when 1 was httle, and even now, really, um, 1
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used to always have a really good memory and stuff, so that helps
me a lot . » remember things.

My Shapiro: Were there parts of this lesson itself that scemed to help you to
make the connection to this important idea that explamed things
for youw?

Mark: Well, not here, because we were just putting together here all the
things we learned from before.

Mark was awarc of the ‘picces’ of information which he recalled and used
to connect ideas from the beginnmg of the umt with more recently presented
ideas to explain the entirely new, mysterious phenomenon the learners were
observing in this lesson His clarity on his own learning processes was quite
remarkable, atid even though he warted to give what he wanted to be sure was
the conect answer, he scemed never really to doubt 1t nor his ability m science.
The falure of his fellows to grasp his idea did not discourage him n the
shghtest.

Mark did not mention explicitly the origmal idea he recalled and used as
the basic fact in building his explanation This 1dea (given by Mr Don n the
first lesson) was that ‘non-visible’ light rays reflect from all objects. Mark had
no difficulty accepting this idea, but the other five in the study group had
commented at the imie, that it did not make sense. in fact, two of them claimed
that Mr Don was wrong in thinking this way about light.

A second theme which emerged for Mark was also a similar theme for
several other students. This theme emphasized thie enjoyment of doing the actunties
of the lessons, or what Mark called “the experiments’. Mark also emphasized
the value of ‘coming up with something different than the answer that you're
supposed to have’. He told me a story about how he and one of his classmates
tricd to fimish the activities of a Batteries and Bulbs study carly so that they could
then try to answer some questions of their own by experimenting. Mark
enjoyed the discovery of unique and new 1deas, and the physical domng or
involvement in the activities for himself.

Theme 11: Self characterization “1 really like to do the experimenting
and things, things that I'm doing for myself. I really
crjoy doing things myseif and commg up witl ideas that
arc different than just what's o.. the overhead projector.’
Researcher  image[impression: Engjoyment — of  physical
mvolvenient in science activities. Self-motivated. auton-
omous Emoys finding things out for himsclf.

For another student, Martin, physical involveraent with the materals was
central to his enjoyment theme. Martin was often unable to read the
worksheets well enough to understand the task, but, as a result of his intense
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interest in frequent manipulation of the equpment to follow his own hnes of
enquiry, he discovered a great deal about the nature of hght and light beam
reflection. His tinkering provided him and members of his group with many
unique insights. Martin was not able to report these findings, as he was not
answering the worksheet questions but his own. He was, however, able to
communicate his special insights verbally to the others in his activity group.

The tasks prescribed by the curriculum materials were useful in providing
the learners with clear statements of tasks. It was also clear that students like
Mark and Martin need the cpportunity to exercise their strong mterest in and
ability to work avtonomously, to pose questions of their own, and to
communicate their own specual findings to others Although these curriculum
materials did suggest some ‘optional’ class activities, there was no provision to
allow individual learners to pursue and value their own questions and findings.
A saence fair project might have served part of this need, but the science fair
was cancelled in the school due to the great demands of the regular school
program!

The third theme which emerged for Mark was entirely umque to him.

Theme 111 Self characterization: 1 like to hear what saence has to tell
us.”
Researcher image[impression: Valuing the story of science.
Valwming science knowledge as tentative explanation.

Only Mark inade specific reference to his lessons and activities as
experiences by which we ‘find out what science tells us™. In the repertory gnd,
he contrasted his own phrase, ‘Hearmg what sciesce has to tell us’, with ‘“Telling
what we think” He did not equate the two, but spoke of a connection between
his own experience of science m the classroom and his experience of hearing
the story of science, the story told by scientists. Mark was willing to accept an
idea even though he would not be able to ‘sce it with his own eyes’. He
considered himself a participant, a contributor to the experience as he was able
to verify the science story through his expermients and activities. This link
became clearer durmg a video recall session when he referred to domg science
as, ‘It’s hke you're putting together the pteces of a mystery’. In fact, for his
personally selected books to read during the year, Mark chose a mystery
selection — twenty-three mysterics, fourteen adventure stories, six other
fiction titles, and three humorous piccees.

As in the solving of a mystery, Mark referred to domg science as an effort
to find out ‘about the way things really are’. He also likened science study to ‘a
puzzle to be put together to discover an answer’, and he told me that ‘most
thmgs n science are night”. But, despite us apparent valuing of science as ‘the
scarch for truthi’; he simultancously held the view that sacnce knowledge 1s
tentative and changing. In one of vur conversations, I agan probed to find out
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if Mark had some insight how he was able to grasp ideas that other students
seemed to have so much trouble with

Mark: Well, ke, most science things are night

Ms Shapiro:  Most science things are night?

Mark: Yeah.

Ms Shapiro: - Can you tell me what you mean by nghe?

Mark: Ummm. Well, when you say, like, people used to say that the

carth was flat, and it's really round. So science is the right ideas
about things. Some of the 1deas in the future might change

though.
Ms Shapiro: 1 sce —
Mark: And like Mr Don said, people used to think there was something

that came from your eye to the object and that let you see the
object But the rightidea is that the light reflects on the object and
then goes into your eye, like I said before. So that helps.

Ms Shapiro: but .. how do you know that 1s true?

Mark: Because Mr Don said so. (Laughs)
Ms Shapiro How do you know that Mr Don'’s answer 1s the correct one?
Mark: Well, he's taken ‘Light” i college and all and he tells us what he

knows from that.

Valuing the tentative nature of science knowledge also imphed for Mark a
special relationship with Mr Don, who he saw as a person well-educated in
science and therefore a valid conveyor of scientific insights. However,
acceptance of this authonity did not heep Mark from questionmg a view pont,
when, for example, he was given information by Mr Don in an activity
mvolving the colour spectrum winch challenged his own sense perception.

Mark: Well, I didn’t see whate, cither  You didn't either did you?
Ms Shapiro:  No.
Mark: So, I thought maybe Mr Don madc a mistake at first. But he said

he saw white and that, that’s what it's supposed to be. So I
thought, maybe that's what it's supposed to be even though it
doesn’t look that way, that's what 1t should be, because maybe the
hght here 1 the classroom 1sn't the best. But T don't know,
because it. if you looked at 1t a certam way, 1 could see how
somebody might say it was white!

Here, however, Mark rcahized that he had not scen what he was told he
should have seen Revisitng this inaident with other aspects of Mark’s personal
orientation to science learning, we can sec that hus very positive feelings about
himsclf as a science learner are firmly rooted i his past successful experiences.
He values lis own perception of colour in the nuxed hght, yet he 1s not
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adamant that his sensory perception should replace w hat he was told he should
have scen Mark was open to believe that what he was told could be true, partly
perhaps because of the high esteem which he has for Mr Don’s authority, and in
part because of the credibihty which he places in the story proviaud by
scientists.

Mark’s interest in the ways that we learn from science itself showed a
fundamental diffcrence between his approach to science learning and that of all
of the other children m the study grou,. Mark did not take complete
responsibility for working out the answers to the problems posed. He was
wilhng to accept certain ideas without experiencing them, was open to
changing his 1deas and was interested m knowing what had been the trials and
crrors of past rescarch. Mark had, then, a sense of the history of science, which
was often scen 1 his comments on Mr Don's discussions, in which, for
cxample, he frequently recalled how ‘people used to think ..." when referring to
the nature of hight and colour. In this way, Mark placed himsclf in intellectual
partnership with the past, learning from the work of others while at the same
ume secking autonomy, testing things out for himself, confirming for himsclf.
He was able to histen, beheve and comment on the story of science, and thus
better understand the experience which he was having wrth the materials. His
awareness of the nature of knowledge growth m sctence was coupled with a
dehght i actve participation m the 1deas and materials that were presented to
him m science lessons. He attempted to mtegrate hts own experience with the
story of science.

Students of all ages have been found to have a great deal of difficulty in
grasping this 1dea that hight rays, constantly reflecting from the objects around
us, pernut the visibihity of objects. Not only was Mark able to grasp this idea
during the presentation of the umt, but he was also able to use this fact to
explain other types of ight phenomena and to develop an understanding of the
concept, refraction.

I saw scveral other arcas of significant contrast between Mark and the
others m the group. He asked questions about hght phenomena which seemed
very different. When I asked him af he ever thought about science or light
outside the classroom, he shared with me the fact that he often looked up at
the sky at might and thought about such questions ‘What makes the stars
twinkle?” and ‘Is there an end to the umverse?” He told me that he wondered
what scientists had to say about these questions because he seally wanted to
know. Also he v.ould hke to do experiments which would answer some of his
own questions, and he would like to sce if scientists had pos<ibly asked the
same ones. Mark was trying to do something quite different during science
than the others m my study, and lis teacher’s understanding of Mark’s
ortentation to science learnmg, and the curniculum matenals being used were
not allowng him to pursue such questions and activities in lus classroom
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Another difference seemed to relate to the specific conditions that learners
need to consider 1deas presented to them as vahd. While learming about hght,
Mark, for example, did not necessanily have to ‘see’ the light rays reflecting
from cbjects in order to bebeve that they du. For him, the fact that the teacher
had said so was sufficient. Mark saw the teacher as a credible authonty, who
conveyed to the class the ‘true story of science”. But Pierre, another child in the
class, found it ecssential to ‘sce for himsclf’ whatever he was asked to
believe. Even at the end of the unit, Pierre did not grasp the basic concept that
light rays reflect off all objects. His situation seemed particularly urgent to me,
as | had known him through his mtense interest in, and detailed knowledge of,
bits and picces of information on such topics as dinosaurs, rockets. outer space
and volcanoes. His great delight in possessing ‘natural lustory’ type of
knowledge about these topics, and his great joy at the thought of those science
classes was a pleasure to observe. But it was sadly evident that a subtle eroston
n this joy was occurring, as Pierre found that grasping many ideas about
science topics like hght was based on acceptance of ideas which were not real
or meaningful to him. Pierre was left after almost every class session with the
fecling that something was wrong with him because he was having difficulty
learning about the topic, light, but he did not know preasely what the
difficulty was.

Another student in the study, Melody, also could not believe what she
could not sec for herself, at least, at first. In Melody's view, ‘We don't really do
science hke scientists do They create new ideas. Like, we just study what they
found out.’ Mclody's personal orientation to science learning was dommated
by a strong social interest in the other children in the classroom. Melody was
frequently nussing from her activity group when 1 went to observe her. To the
dismay of Mr Don, she constantly roumed the classroom to find out what
other students were doing, and to find out what they were thiking. Tt was
apparently becavse of, not despite, this approach to science learning that
Meclody was one of the learners who actually did grasp some of the more
difficult concepts of the umts on light by the end of the study. In my last
mterview with her, she was able to tell me which activity groups m the
classroom had considered ideas about hght carefully, and from which
individuals she had learned the most i her ‘travels’ around the classroom

Amy, who was regarded by her teacher as the top student m the class,
could be relied upon by him and her classmatc to know preasely what was to
be accomplished during cach activity worki, period. Amy was also a person
who did not ‘believe untl she saw” She told me that Mr Don’s 1dea that hight
came from objects was ‘crazy’. In Amy’s words, ‘Light doesn't come from
objects hke people! Light con es from hght bulbs and television sets!” Despite
such insistence, Amy always had the correct answers on her worksheets Her
science notcbook was close to perfection. It seemed sad and surprising to me
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that Amy spokce m our conversations of really having very hittle mterest in the
topic being studied, ye , by appearances, she was the person whose assigned
work was the most complete and accurate. Amy’s approach to science learning
was guided by a strong ortentation to achicvement not for the purpose of
understanding, but for the sake of achievement wself. Science coutent was
sccondary, and wasn’t really very iteresting to her. The important thing for
Amy was.to figure out what was to be done m the task assigned, and to
complete the worksheet with the correct answers. Though she had the correct
answers on all of her worksheets at the end of the unit, Amy never grasped the
1dea of reflection of ‘non-visible’ hght rays, nor did she under  and refraction,
colour vision, or how a prism and light created a rambow

Implications of the Study for Classroom Practice

Very few studies of individual children are available 1n the science education
hiterature Navarra (1951) documented the development of his 2-ycar-old son’s
ideas about natural phenomena over a pertod of several years. Fynn (1974)
presents a charming fictional account of a young girl’s natural development of
ideas about the natural world and the cultural world. Apelman e al. (1983)
looked at the difficulties experienced by teachers of young children as they
attempted to broaden their learning in science. But extended classtoom studies
of young children have been long overdue.

My attempt at such a study of children learming about light m their
primary science lessons suggests a number of implications. These are best
stated mn terms of how teachers und curriculum makers nught help to guide
learners’ understandings, (1) by be ynmung aware of, making expheit, building
upon, and cnhancing the alrcady naturally developing directions of their
mterest, and (i) by encouraging learners to reflect on their own learnmg
processes, so that they might take an even more acuive role i, and responsi-
bility for, therr own learning.

In 1973 Frank Smuth described taelve casy ‘rules’ for teaching reading
which he behieves that teachers follow regularly with the result that learning to
rcad is actually made difficule He then proposced one difficult rule for teachers
to follow which he believed will make learning to read casy His difficult rule 1s
this: ‘Respond to what the child 1s trying to do.”

Embodied in Smith's rule is the recogmtion that the motivation for
learning to read must come from within the child. He sees learning to read as a
problem for the child to solve, and recommends that the teacher of reading
change from a focus on imposing reading skills and rules on the chuld from
without, to providing guidance to help the dhld take a genumely active partin
solving this, her or his problem.
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Secing learners as having an active role in their own mdividual learnmg 15
not a new idea m education. Advocates of ‘hands-on” learning have long
recogmzed the value of the physical participation of the learner m learnng
actuivities. But understanding and responding to what the cluld 1 attempting to do
mplics much more. It requires a greater recognition of the extent of the active
mvolvement of the child To understand how the child 1s attempung to do ths,
we need to assumie first that the children are already attemiptng to make sense
of the experiences which we provide for them.

In the study of six children learning science which has been described
above, this assumption underlaid my attempt to understand how they solved
the problem of learning scientifically accepted 1deas about the nature of hght.
What emerged were snapshot portrayals of Mark and the other five children
moving, albeit i very different ways, towards making this sort of knowledge
thetr own.

If we can take this view of the child as a learner who attempts to solve the
problem of making meamng in science, he or she becomes a co-architect 1n the
teaching and learning process. We see not only what the curr: -ulunt docs to the
child, but we look to determune what the child s domg with the curniculum.
Further, the methods of our rescarch efforts and our teaching and curricular
efforts become very sumlar as we histen to what the child 1s saying and showing
us about his or her ideas and fechngs while engaged m studying a topic. We
become more receptive to understand what the child 1s contributing 1n her or
his study of the topic Putting this view of the child as active learner tully mto
our teaching practice 1s, however, quite a new and challenging idea In the
contemporary cducational climate, it demands (even more than m 1973 when
Snuth wrote)

=« a rejection of formulae, less reliance on tests, and more receptivity
to the chuld. Its main demand 1s a total r¢jection of the ethos of our day
— that the answer to all of our problems hes m improved method and
technology and o7 the emphasis on mcthod that pervades almost all
teacher traming. (p. 22)

Personal Consruct Theory also emphasizes the great effect of the person’s
anticipations and expectations of experience upon thought and action. This
idea helps to explam why change m children’s behaviour and thought 1s often
so difficult to accomphish (as my own and so many other recent studies m
science education have found) It also suggests that, to bring about such
change, consideration (and acceptance of what is found) will need to be given
by teachers (and their learners) to new expectations and anticipations concern-
ing the experience of science learning. This understanding would clude a
grasp of the images which learners hold m their ongomg school expertence of
science learning, such as their ideas about the nature of the phenomena being
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studied, the nature of saience knowledge, of themscelves as science learners, but
also the ways by which these learners (as co-architects in their own science
lcarning) construct meaning and make sense of what 1s presented to them.

It1s relatively casy for teachers to coerce learners mto coming forth with
the correct answers for a test or workshect, but for teachers to change the ways
that the children in their classes think about thar science learning and the
manner m which they consider what scienusts are conveying to them about
natural phenomena is much more difficult (Posner et al, 1982).

Nevertheless, the implications of a study of science learning based upon
Kelly’s theory lic ir our helping the learners themselves to gam insight mto the
processes of their own minds and learming processes For teachers, the frutts of
this insight would be in the ways that they becomie conscious of, and recogmize
the effect and impact of, their children’s own approaches to science study. The
hoped-for result would be that these learners are then niore able to take
responsibility for their own learning.

If, as has been mplied, an understanding of the nature of science
knowledge 1s far more beneficial to a learner than knowledge of disconnected
facts, primary teachers, in their turn, will need help and support to gain a
similar understanding of the processes by which science knowledge s created.
There 1s now a rich literature about the ways children think about natural
phenomena and this needs to be shared with teachers Furthermore, teachers
will gain greater msights into the significance of these thoughts of children if
they are encouraged to explore them for themselves and, in so doing, reahze
that children’s cfforts to learn saience are guided by what they perceve as
important to solve the problem of learming science.

In the view of Personal Construct Theory, self-understanding can expand
the realm of choices and possibilities which we see available to us to help cope
in the life situation m which we find ourselves. The first step in self-under-
standing 1s awareness and hence, the second set of implications from the study
of children’s approaches to scicnce teaching that all the participants of the
teaching/learning activity should be assisted to become aware of and to value
the learners” personal approaches as they attempt to understand in science.

The teacher, once the architect but now in this view the other principal
co-architect of learning, 1s essential in helpig the learners in a class to become
more conscious and aw are of their ow n approaches to learnmg as 1t takes place
m the classroom. The curriculum can, if appropriately destgned, also provide
effective gudance to help the learners to understand not only the 1deas of
science, but to reflect on therr own experiences as learners. Once agam, there 1s
a continuity m both our rescarch and cur teadhing efforts, so that there are now
many practical possibihties for providing guidance and help to learners to
cnhance their awareness of their own learmng approaches m the scence
classroom Videotapes of children who are using learming strategies which they
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have found effective in the science classroom would be mteresting and valuable
to other children. Interviews with the learners depicted on the videotapes
could encourage other learners to talk about and reflect on their approaches
and rationale. Stonies written for children describing how learners similar to
themselves have effectively approached learmng would be another good
starting point to generate awareness.

Teachers can also help children become more conscious of the effect of
their approaches when they are working together n class by making sug-
gestions for small group interaction behaviours which might enhance the
success of everyone i the group. Discussion might emphasize how group
members can help one another to orgamze to accomplish tasks, how group
members might help someone who 1s having difficuity, or how a new 1dea
presented by a group member might most cffectively be considered by all
members of the group. While the intention of our efforts is to improve the
effectiveness of the individual child as learner, 1t 1s very important to stress
the value and impact of these sorts of social and collaborative features of
the activity of learning science in school.

Teachers can also introduce a variety of strategics which-a class of learners
could experiment with to help them to record, orgamze and review content
information which is presented in - ‘ass discussions and activities A class of
learners can be gunded to consider the validity of others’ viewpoints by sharmg
with them the ideas of all its members and then later those put forward by
scientists. This would highlight and emphasize concepts which have been
found to be difficult for science learners to grasp  The Classroom Profile has been
a very uscful tool which I devised to help learners and teachers become more
aware of the ideas which are held by members of an entire class concerning a
particular natural phenomenon. An cxaraple of a Classreom Profile 1s given n
table 1.

Each child was asked to provide an explanation telhng why the pencil in a
beaker of water looked as 1f it was broken. I collected all the answers and found
that they could be placed into several categonies. These categories were placed
on the class profile chart and the names of the children providing the same
explanation were listed next to the category. The names could be cither used
for teacher reference or could be shared with the class, depending on the
teacher’s preference. The number of learners in each category n the chart m
table 1 allows a popularity rank orderirg of the responses, and makes 1t very
clear to the class that the most popular response is not always the response
which most closely resembles the scientist’s. The Classroom Profile helps the
teacher to understand how individual children are thinking about the 1deas
presented to them and shows how groups of them are thinking along snmilar
lines. Other information 1s also available. In this particular profile, three of the
learners made descriptive statements when they had actually been asked to

117

')

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

Bonnie L. Shapiro

Table 1 The Classroom Profile — Students' Iceas abour ‘The Broken Pencil Phenomenon

Explanation
(populanty ranked)

Name Number of students

(for teacher reterence only?)

1 'The water makes it ook Phyllis Jessica Lorene Ut 8
broken ’ Donald Qarlo Monty Ching
2 'Water bends the light Stella Mark Sally ‘ames 4
rays ’
3 'The shape of the beaker " Perre  Leshe Rose 3
makes 1t look broken ’
4 'The water and the beaker Km 'Me/ody 'Amy 3
make 1t look Digger ’
5 ‘'The water and the beaker Rani Hyon Sin 2
act as a magnifier
6 ‘The water acts as a “Martun  Amie 2
magnifier *
7 ‘Because we tited the Arcala 1
pencil *
8 ‘The light rays and the * Donrve 1
glass make 1t look broken '
9 'The ight rays do it Denise 1
10 Descriptive statements Susan Karn Annie 3
only
11 Unusual water :deas Rochelle  Dannv Trellis 5
Lew:s Michael
Total 33

* Students in the study group

provide an explanation. 7 ue distinction between an explanation and a descrip-
tion could thus be made a matter to clarify with the class.

I have found the sharing of the profiles to be mteresting, enjoyable and of
great value to the classes. The Classroom Profile helps learners (3) to reflect on
their own ideas about the nature of phenomena, (1) become aware of how
fellow classmates are thinking about the same phenomena, (i) to compare (and
perhaps reconsider) their own ideas about phenomena with those of therr
classmates; and (1v) eventually to consider the plausibility of the explanation
put forward by scientists.

Some educators put forward the view that the only important outcome of
science learning is that learners move from their blank, wrong or ‘muscon-
caved’ views about the nature of phenomena to the adoption of scienufically
accepted explanations. Such a view fails to take the child as person mto
account. [t disembodics the child’s ideas from the child, who, for rcasons
which arc unmique to that person, 1s fascinated by, 1s disinterested n, or may
cven be frightened by the experience of science learning. The experience of
learning science as well as the knowledge mvolved brings about powerful
representations of the enterprise of science which will have an mpact on the
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learner, and which may indeed also have deep and lo1 -term consequences for
the learner’s conunuing involvement with science.

The image of science which is grasped by children in their saence study in
primary school is likely to affect their attitudes towards matters requiring
sacntific understandings needed to make decisions in daily life. It may also
affect their interest in pursuing science studies in the future The image which
children portray to themselves as successful or unsuccessful learners of science
must also concern teachers or curriculum designers who have an interest in the
learner’s experience of Joy and personal meanmgfulness in purswing the study
of natural phenomena.

I found through observing and conversing with the children in the study
described here, that as I became a better listener, the children became more
respensive, sharing more and more of their thoughts and feehings about their
experience with me. As I became a better listener, the expectation seemed to be
developing in the children that what they had to say was important. Because
the children knew the purposes of my study, they were aware that what they
had to say was not only for me to hear, but that I wanted to share their idcas
(anonymously, of course) with teachers, curriculum developers, researchers,
and student teachers 1 found also that the children became very interested 1n
me, the listener. They would often ask what I thought about an idea or an
insight, and several asked if I rught help them with their work Possibly the
most important impact of this approach to rescarch and teaching 1s i the way
that our sincere interest in what children have to say creates the expectation 1n
them that their ideas, thoughts and feclings are valued by us. With this
expectation they may become more receptive to, and place greater value on,
the learming that we attempt to guide them towards accomphshing.
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[imagine that most people can recall knowing at least one outstanding teacher.,
One with whom I worked had remarkable influence on her students, yet I find
it hard to pinpoint just what it was that made her so cffective. Was 1t because
she was well-organized and confident? Or her obvious interest in her students
and their knowledge that she wanted them to do well? Were they unwilhing to
disappoint her? Whatever the reasons, they appear to have been bound up with
her personality, and that, unfortunately, retired with her. Her skills were not
handed on to her colleagues, and the general level of teaching 1s neither better
nor worse through her career

If personaltty is not transferable, and there are not enough ‘born” teachers
to run a mass cducation system, in order to improve the practice of teaching
and the consequent quahity of learning we have to know what, apart from
displaying their personalities, great teachers do, what principles they follow.
Unless we can specify those principles and train other teachers to apply them,
the skills of the great teachers will continue to retire or die with them.

Every now and again someone trics to solve the problem by identifying
some great teachers and watching what they do. Usually, however, this
approach founders on two or three difficultics. One 1s the effect of context.
Teaching 1s a subtle and complex task, in which shght variations of context can
change what ts needed to be effective. Even my great colleague became less
cffective i later years, not because her personality or methods changed but
because the context did — the mix of students shifted, and so did their
expectations and goals. Because the number of variations in context 1s mfinite,
it 15 hard, or even mmpossible, to generahize usetul principles from watching
teachers. One cffective teacher nnght lead you to conclude that the way
questions are spread round the class 1s a crucial act, but then the next one you
sce does not do that and anyway you have seen meffective teachers who
question in the same way.

The second difficulty 1s that, though one might think that we could cut
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through the problem by asking the great teachers the secret of therr success,
teachers mostly are not able to articulate what they do. From my own
experience as a sccondary school teacher [ can cerufy the truth of the
obscrvation that “Theonzing about education is not very common among
those who teach. The teacher in the classroom has so many other things to do’
(Castle, 1961, p. 77).

The third difficulty m trying to learn from watching great teachers 1s that
you have to know what you are looking for before you find 1t; that 1s, the
obscrver must have some notion beforchand of what are the prmaples of good
tecachmg. In other words, obscrvation has to be gwmded by theory. Unfor-
tunately, a theory is what we are lookimg for, m the form of a sct of principles,
so the notion of finding a theory by obscrving great teachers ends i a cucle.
Though obscrvation may help us to sort cut some useful practices. 1t s hardly
hkely to be sufficient on its own to develop a coherent theory.

Another approach to determinmg principles that can be transmtted and
tnat will improve pracuce is reflection and logical analysis. Pienty of theortes
have been formed in this way, often emphasizmg similar pomts Sometunces
these theories are tried m practice, but by-and-large the mnovanons denved
from them have not had major impacts. Though cach mnovation may leave a
trace of its passing, we want something better than a trace. We want something
that works and 15 scen to work, that leads to a substantial ht m the quahty of
teaching and learning.

Wiy Theories Fail

Why haven't theories had more effect? Perhaps w ¢ should consider one of the
best, that had more effect than most yet really had only a neghgible mfluence
on the mass of schooling Bloon’s (1968) mastery learming notion that ws
based on Carroll’s (1963) formula for the quality of learming

tme spent

Degree of sck ol lcarmng:f( ) where time spent s

time needed
hnuted by perseverance and time allowed for learmng, and time needed
depends on general aptitude, the quality of instruction, and the ability
to understand the instruction.

Bloom’s theory plus 1ts practical package had a lot gomg for 1t, and should
have been widely mfluential, it was backed by Carroll’s and Bloom’s high
prestige and abilities; 1ts aim of getting at least 95 per cent of students to reach
an ‘A’ grade was admirable and acceptable to all, the package set out readily
transmitted techmques, numcerous rescarch studies demonstrated 1ts power;
widely-sold books described what to do, and Bloom was supported by an
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enthusiastic group of able follow crs, who for years ran workshops for teachers
and adminstrators. However, if we draw at random a classroom from North
America, Europe, or Australasia the odds are much agamst finding that mastery
learning techniques are practised i it, and indeed 1t 1s hikely that the teacher
will not have heard of Bloom Despite its strengths and scattered achievements
the mastery learming movertent failled to change the mass of schools.

One reason why Carroll’s theory and Bloom’s techmique did not sweep
the schools and bring about marked permanent changes m practice may have
been the 1solation of teachers In the main, teachers mhabit unconnected
classrooms; they work away with little professional interchange with col-
leagues, and few return for further training after obtaimng therr mmtial
qualification Few read much about theory or mnovations m education.
Therefore it is difficult to reach them with a new 1dea. Even when Bloom did
rcach them, in-service workshops on mastery learning may have been
incffective for several rcasons. Workshops tend to be brief, and change n
engrained practice needs long attention and continual support. Mastery
learning was developed and promoted by acadenucs, who are scen am-
bivalently by school teachers. While professors have prestige, thetr 1deas are
often rejected because the teachers believe that they do not understand the
complexity of teaching. The teachers are right about that, 1n many cases.
Mastery learning ignored context. The practical problems that busy teachers
face in running a mastery program, dealing with individual students’ problems
and keeping track of their progress, were not fully appreciated. The demands
on cquipment, the restrictions of fixed lesson times, the timetabling of a class
in different rooms at different periods through a week, were nunor difficulties
that added together to form a barrier agamst casy adoption of Bloom’s
package. Tertiary level teachers faced fewer of those difficulties, and so mastery
learming, in fact, was practised more widely (albeit still rather rarely) i colleges
and universities than in high schools.

Mastcry learning was resisted because 1t was lard on schools from outside,
it did not grow from within. It was snatched at by some as a simple solution to
a complex problem, and when cffort was nceded to make 1t work 1t was
abandoned. These summary potnts need to be kept in mind when we consider
what might be done about putting theory mto practice.

The tragedy of cducation lies in two forms of fatture. on the one hand
teachers do not pass on thetr skiils, through lack of theory, on the other hand,
theorists are unable to communicate their principles effectively To break this
impasse we need a theory that teachers will accept and a means of dissemmat-
ing it. How can these two requirements be met? As yet no-one can guarantee
success, but there 1s hope m, and lessons to be learned from, the Project to
Enhance Effective Learning (PEEL) (Baird and Mitchell, 1986).

PEEL 1s a dehiberate attempt to put a theory mto practice. Although n
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an carly stage, it can serve as an exemplar of how theory mught become
eftective Its differences from mastery learnmg may reveal conditions that aid
or hinder the success of an mnovation

Possibly the most significant difference between PEEL and mastery
learming 1s in personnel. Where the mastery learmmg movement (and other
innovations) tended to have two distinct groups of people, psychologists and
teachers, at least four merging groups can be wdentified m PEEL. Agam there
are psychologists at one end end ngh school teachers at the other, but
between are a group of former teachers and subject matter speciahsts who
have become psychologists or other speaialists in education, and a group of
teacher-rescarchers. These two groups provide a crucial bridge between the
first group of psychologists and the fourth group, classroom teachers.

Another Approach to Theory into Practice

In PEEL the first group of psychologists arc distant n place and time, and have
no dircct involvement in the project. The theories of Ausubel and Gagné, of
information-processmg and metacognition, of curnculum mnovation and
disscnmnation, were absorbed and developed further by members of the second
group, clustered at Monash Umversity m Austrahia. This group spectahzed in
science teaching and learning, which may have been fortunate; for their
common interest in science encouraged them to bring together theories that
mitially were not coordinated. Thus White explored Gagné's (1962) notion of
learnmg hierarchues and reached the position that hicrarchies are an accurate
description of prerequisities for achicvement of algorithms but are not essential
to the learming of propositions nor the development of understanding (Whate.
1973 and 1974) Gagné and White (1978) suggested that understanding of
algorithms required them to be embedded in a body of nter-lnked proposi-
tions, which moved them towards Ausubel’s (1968) theory of meammngful
verbal learning West and Fensham (1976), durning much the same period as
therr colleague White had been workmg on hierarchies, had been researching
Ausubel’s theory m relation to learning of chemistry. so 1t was relanvely casy
for these people, who were mecting frequently and discussing their work, to
merge the ideas of Gagné and Ausubel into a composite theory, and later, after
Wittrock had visited Monash in 1979, to m¢ orporate prinaiples of generative
learning (Wittrock, 1974) and mformation-processmg. Their subject matter
base m science meant that the theory was alw ays related to specific examples of
content and was never abstract or general. That contrasts with writing about
mastery learning, which usually is in general terms.

The group’s mterest m understanding of scicnce made its members
receptive to the research that began to appear in the late 1970s on students'
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conceptions of scientific principles and phenomiena. Leaders in this moy ement,
Champagne, Hewson, Driver, Novak and Osborne, who, ike members of the
group, were former science teachers who had turned to the psychology of
learning, were mvited to Monashi where they sumulated new rescarch (for
example, Brumby, 1984, Gunstone and White, 1981) and theoreucal state-
ments (for example, Fensham, 1984)

The chief concern of the group at this time was to develop methods of
probing students’ understanding and to see how alternauve conceptions of
phenomena could be brought mto accord with scientists’ conceptions. Both
limes of research were carried out m out-of-class scttings, though usually n
schools or colleges rather than in psychological laboratories. Changing a
student’s conception proved to be much more difficult than expected (Gun-
stone, Champagne and Klopfer, 1981) Students would accept new statements
about a phenomenon, but on further probing would reveal that this acceptance
did no more than place a veneer of new knowledge over their previous,
contradictory views that were sull retamed Reflection on this remarkable
result shifted the group’s attention to the strategies that students apply m
learning. Psychologists’ work on mctacogmtion, especally that of Flavell
(1976) and Brown (1978), was absorbed mto the group's thinking through
studies by Baird (1984) (s also Baird and White, 19824, 1982b and 1984).
This was a crucial step in moving learming theory mto the everyday practice of
teaching in a school.

Baird’s Studies — Crucial Steps

Baird should be considered a further member of the sccond group, a biology
subject matter specialist whose concern for the quahty of learning had moved
his interests into psychology. His first mvestigation (Baird and Whate, 19824)
was a casc study of the learning scyles m genctics exhibited by three adults.
This mvolved a shift in rescarch method that muay be another sigmficant
difference between the mastery learming experience and PEEL. Studics of the
effectiveness of mastery learning cmployed the standard experimental designs
that had been described so compellingly by Campbell and Stanley (1963),
which, though uscful in laying foundations for later developments, had a
sertous weakness in bemg concerned with ditferences betw cen mean scores of
blocks of students winle treating variations between individuals i cach block
as a nuisance that merely made 1t harder to demonstrate that one group differed
from another Attention to individuals and an understanding of « hy they learn
or do not learn may wcll be a vital step m putting theory mto practice, and so
the turn to case studies at this stage was fortunate.

Baird’s sccond invesuganon (Baird and Whate, 1982b) w as another casce
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study, an attempt to change the learning styles of three college students.
Although it was casy to show the students that there were deficiencies in therr
styles, six wecks of intense cffort produced only shght changes. With
hindsight, it was clear that procedures that the students had bult up over a
dozen years of schoohng and that had served them sufficiently well to bring
them as far as they had, were not going to be discarded lightly. This cesult
made the group appreciite that putting theory nto practce would involve
more than a simple demonstration of its advantages. The perceptions, values,
and aims of the people who were to usc the innovation would have to be
understood. Teachers and students would have their existing behefs (amount-
ing to a theory) and practices, which an innovation would be asking them to
discard. Something akin to atitude change would have to be encouraged.
Therefore, to put theory into practice would be a lengthy process, mvolving
close collaboration with the teachers who were to take it on and an unusual
attention to the beliefs and customs of their students. A presentation at a short
in-service workshop would be uscless.

These appreciations were put into effect in Baird’s third study (Baird,
1986), in which he worked for six months with one expenenced teacher and
three of his biology classes. Many procedures were used by Baird to bring the
students to take on responsibility for their own learming, with some success.
The teacher. however, found it difficult to change his ways despite being m
sympathy with the aim of the project. Although part of getting students to
control their learning involved encouraging them to ask questions instead of
merely responding to imtiatives of the teacher, most lessons saw the teacher
still firmly in control not just of social behaviour but also of intellectual
behaviour. He asked the questions and sclected who would respond, he chose
the topic and th details that would be covered within 1t, he determined the
pace of the lesson and when activities would shuft, yet he had declared his
willingness to encourage the students to do these things. When this contradic-
tion was discussed with him, it cmerged that lus problems occurred because he
saw his classroom was part of a larger system. The students had only a few
lessons a week with him, and 1n their other subjects they were being tramed, as
they had been for years, in opposed procedures of speaking up only when
mvited, of asking few if any questions, and of taking notes when directed, m
short, of being controlled in detail. Each gam that was made m the experrmen-
tal class was wiped out by the next time it met, so bringing about change was a
frustrating struggle for the teacher, who did not always feel up to making the
cffort Also, he felt he had a responsibility to cover the pre-determined content
for the year. When asked why he felt this, when all tests for the class were
under his control, he said that although he was free to do what he wished,
whoever taught the students the next year would expect them to have covered
(not necessarily learned or understood) the specified content, and this new style
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of teaching meant that he could not be sure that the class would get through 1t
all. Further, he was worried that although the new style of learning was
excellent 1t could handicap the stuients tn alater year when they had to pass an
external examination that wouid require recall of specified content

An important conclusion from the teacher’s reactions m Baird’s third
study 1s that forces act against the mtroduction of an innovation to a stug.e
classroom. The soci®l context of the classroom and the perceptions of the
people 1n it have to be considered. Putting theory into practice requires
Judgment of an appropriate scale for the attempt. If the scale is too small, as it
scems to have been i the single classrooms of Baird’s third study, the
conservatism of the general context 1s too strong for the mnovation. If too
large, then resources will be stretched and there wall not be close cooperation
between theorist and practitioner Some appreciation of this pomt about scale
determined the nature of PEEL.

Some Critical Features

It was fortunate for PEEL that aircumstances allowed an easy link between the
second group, of learming theorists who formerly were teachers, and the third,
of teachers who would be rescarchers. The classroom experience of the
theorists gave them a credibility with the teachers that psychologists i the first
group, without school-teaching backgrounds, would have lacked. The group
2 theorists have better perception of the complexity of tcaching and the
concerns of teachers than group 1 psychologists have, for they have hived as
school teachers. Therefore group 2 theorists and group 3 teachers can
communicate eastly. It only remained to bring them together.

As a result of the previous studies and the conclusions drawn from them,
the group 2 people, led by Baird, wanted to change the learning strategics used
by students in a functioning high school by increasing their metacogmtion,
especially their control over their learming The students were to become more
purposcful learners. Though rescarch, this was also to be real practice — it was
not a laboratory study in which the students’ future was of no real concern It
was to be part of their normal school expertence, and 21y change needed to be
scen as long-lasting and beneficial Therefore the project had to find a school
that wanted to be its host.

The link between the group 2 theorists and a school that had teachers w ho
would be rescarchrs was found in lan Mitchell, who had a jomt appomement
at Monash Umiversity and Laverton High School, an average-sized secondary
school in an outer suburb of Melbourne. Mitchell's role i putting PEEL mto
practice was so crucial that one conclusion is that his counterpart 1s necessary

127




Richard T. White

in any attempt to put theory into practice. He had two niam functions, of
communicator and of maintamer of the project.

Communication is important m both directions between group 2 and
group 3. The theory that group 2 people develop 1s not worked out as a
blueprint for action; rather 1t sets out principles that still have to be translated
into classroom acts For mstance, at the commencement of PEEL the teachers
could be told little more than that the 2im was to improve the quality of school
learning through increasing students” know ledge of what learming 1s and how 1t
happens, their awareness of therr own learn ng processes, and therr control of
learning through purposcful decision-making. Good and bad learning styles
were described, and some procedures that nught be followed n classrooms to
bring about beneficial changes were outlined, but a lot of detail remamned to be
filled m. As time passed and cach teacker suggested and explored ways of
attaming the anm, Mitchell was at hand in the school, available to discuss the
procedures and suggest variations. Perhaps a group 2 person could have done
that. Baird put in a lot of time in the school, m somethmg of that role.
However, 1t made a difference that Mitchell actually shared the teachers’
experiences Communication is a sensitive and subtle matter, casily broken by
pereeptions such as thinking that the other person does not fully appreciate
factors that affect one’s acts Thus a tea her would not hesitate to tell Mitchell
that a procedure farled to work, and would find 1t casy to tell him why, since 1t
would not be necessary to spell out the complexitics of the situation — the
nature of the students and their history in the school, the styles of the other
teachers they had, the physical conditions of the classroom, the mflucnce of
spectfic customs of the school. It would take too much time (which is always m
short supply m schools) to explam all this to group 2 people, even with therr
former expertence as teachers

Mitchell guided translation of theoretical principles mto action. He also
provided details of progress to the theortsts, who found m consequerice that
they had to amend their theory from time to timie, makmg it richer and more in
accord with events: While the title of this chapter imphes that the flow 1s from
theory to practice. PEEL experience demonstrates that contact 1s tWOo-way,
with practice affecting theory as well. It 1s worth noting that this does not scem
to have happened mn the case of mastery learning.

Some Lessons from PEEL

A major lesson from PEEL 15 that an mnovation needs commitment from the
partictpants to sce 1t through the carly stage. when errors are trequent and new
skills have o be acquired. and consequently there can be discouragement,
While outsiders can help, it 1s much more ¢ffective w hen encouragement comes
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from within, from a collcague. Mitchell’s status as a teacher prevented his
colleagues from seeing the project as a task laid on them from outside, and gave
them a sense of ownership, a direct interest in its success. They were reassured
when hey saw that Mitchell struck the same difficulties as themselves, was
making mistakes and was ready to say so, yet was persevering. Mitchell joined
Baird in organizing weekly mectings of the teachers, so these meetings were
not seen as imposed by outsiders but something of their own In their report
on the first year of PEEL (Baird and Mitchell, 1986) the teachers emphasize
how nmportant the weekly meetings were tn keeping the project going. It 1s
probable that PEEL would have collapsed in its first three or four months
without the meeungs, which inttially relied on the combination of leadership
provided by Baird, from group 2, and Mitchell, from group 3 with lks to
group 2.

PEEL cxperience indicates that 1t takes a long tume to put a relatively
untried theory 2o practice 1n a school. The project began in February 1985
and 1t was not until about half-way through that year that there was any
assurance that 1t was getting anywhere. Neither the group 2 nor the group 3
people had apprectated the scale of the costs and risks involved in mnovation.
The costs were that when teacners replaced the working procedures that they
had evolved in the past with the new experimental ones they put themselves
back to the state of begiming teachers. a stressful time in which people learn
by making mistakes. The risks were that the teachers would have to hive with
the consequences of any mistakes, consequences that nught be unbearable
Outside expernmenters can walk away from a disaster, but teacher-rescarchers
are stuck wich it. It took ttme for the teachers to work through the mitial
pertod of loss of former effectiveness and to learn to cope with the costs and
risks. During that tine they needed support and encouragement. As 1t 1s ikely
that similar costs and risks attend any innovation, 1t follows that theory cannot
be put into practice as a result of a brief interaction.

The PEEL tcachers met, reflected on ther experiences, discussed them
with group 2 people, developed techmques as they went, and pointed out
places where the theory needed attention. For mstance, the teachers discovered
that certamn techmques worked with certam content The theorists had not
considered that at all. The teachers pointed out the importance of social context
as a factor in determming whether individual students would, or could, behave
m ways consistent with the amms of the project. Although that had been
recogmzed by the theorists (for example, White, 1985, White and Tisher, 1986)
they were not as sensttive to 1t as the teachers’ observations brought them to
be. It 1s worth noting that the teachers did not articulate the mmportance of
social context until well into the second year of the project.

The lesson from the interaction betw een the group 2 and group 3 people
in the first two years of PEEL 1s that theory cannot be launched as practice ke
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a missile; rather it has to be cultured and nurtured hke a plant. The same nnage
should apply to the remaining stage, of dissemunating PEEL to groip 4
teachers who did not take part in the cxperimental development. That
dissemination may be as difficult as the expernmental stage, but there should be
more chance of success than m the mastery learning attempt to go direct from
group 1 to group 4.

Next Steps

At present it is not clear how best to manage the dissenrunation of PEEL. The
temptation might be to collect together the principles estabhished in PEEL and
to broadcast them m in-service programs. While that imght do no harm, 1t
probably would not do much good either. It would be quick, apparently
cficient, but incffective. Just as the shift of responsibility from group 2 to
group 3 took tune and effort and required consideration and sensitivity on both
sides, so will the shift from group 3 to group 4. The successful form of putting
theory into practice is devolution and growth, not instant change

Of course one must expect to see mustakes made when the procedures for
enhancing effective learning are disserminated to other schools, just as mistakes
were made in the initial experimental phase at Laverton High School. Mistakes
are an cssential as well as inevitable part of the process, for people learn by
them They need not be fatal to the project provided people are willing to
recognize them and are flexible in recovering from them. The following
recommendations for disseminating the theory and experiences from PEEL
may be mistakes themsclves, but are worth starting out with.

The project has to be publicized, otherwise it cannot spread. Both group 2
and group 3 prople should take initiatives in doing this, through speaking and
writing The only thing that they should lay down dogmatically is the aim of
the project: the story of experiences, including accounts of successes and
failures in the context of the experimental school, should be told without
preaching that this is the way to do it. Preacking would be contrary to the
lessons of devolution and growth that were won by such hard experience.
Indeed the story should emphasize the devolutionary nature of change, of
growth and learning rather than instant success, and the consequent need for
paticace and commitment The inevitab' ty of imtial difficulties should not be
glossed over, for it brings out the importance of fechng that one owns the
innovation m maintaimng people through the carly months. The difficulty for
a teacher trymg to bring in an mnovation alone should not be hidden, for one
of the lessons from PEEL is the value of support from colleagues and from
people outside the school.

Group 3 people should invite anyone interested m promotmg effective
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learning to visit their school and classrooms, or to correspond with them. Both
they and group 2 people shovld respond to requests for information without
prescribing courses of rction — they should merely describe w hat happened at
Laverton without presuming that events would follow the same course n
another context. It 1s up to the group 4 people to decide what procedures will
work for themselves. For the same reasons, groups 2 and 3 people should be
available as consultants but not as directors when the nnovation 1s tried by
other people. Direction would prevent the new group from owning the
innovation, and would mcrease the madence of profitless crrors through lack
of understanding of the context. If there is to be a director or leader, that
person should be a member of the school

As the innovation is taken up by other schools, a newsletter would
provide useful support. At first 1t would help to keep the various groups m
touch, but it must be expected that as the innovation evolves different contexts
will encourage it to take different forms. Eventually what happens 1n different
schools will no longer be recogmzable as instances of the same principles, but
by then the theory itself will have grown into something new. The theory will
have been put into practice in diverse ways, and the diverse practices will have
changed the theory.
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Theory into Practice II:

A Constructivist Approach to Curriculum
Development

Rosalind Driver

One important way of describing the teaching of science m schools 15 as a
process whereby students reconstruct therr understandings m andergomng
conceptual change. How to help teachers to promote conceptual change m an
cffective way in therr cdassrooms 1s now a central concern of rescarch groups
a number of countries and reflects the way curriculum development 1s being
understood and approached. It 1s m contrast wath the forms of curriculum
development that took place in the 1960s and 1970s in which project teams
outside schools developed and promoted a course and a package of related
materials.

An Epistemological Basis

The Cluldren’s Learning in Science Project at Leeds s one of several contem-
porary projects working withm the general perspective of constructivist
epistemology, the central prenmse of which 1s that know ledge, w hether public
or private, 1s a human construction.

A key feature in this perspective is that human beings construct mental
models of their environment and new experiences are mterpreted and under-
stood in relation to existing mental models or schemes.

Human beings .. do not apprehend the world directly, they possess
only internal representation of 1t, because pereeption 1s the construc-
tion of a model of the world. They are unable to compare this
percertual representatton directly with the world — 1t is their world.
(Johnson-Larrd, 1983, p. 156)
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Personal Construction of Knowledge

Research in a number of aicas of human cognitive functiomng supports this
claim. Reading theorists suggest that the process of reading involves the acuve
use by the reader of mental constructions or schemata n interpreting what 1s
on the page (Anderson, 1984; Schank and Abelson, 1977). Rescarch on
problem solving, particularly in complex and highly organized domains of
knowledge such as mathematics or physics, indicates that the problem solver
first constructs a represe ~tation of the ‘problem space’ which governs the way
encoding of information 1s carried out (Newell and Simon, 1972; Greeno,
1978; Larkin, 1983). Rescarch on human reasoning suggests that, rather than
being based on generalized principles of formal logic, humans make interences
by constructing a mental representation of the problem as a basis for making
deductions (Johnson-Laird, 1983). Indced as Rumelhart and Norman (1981)
argue:

Our ability to rcason and use our knowledge appears to depend
strongly on the context in which the knowledge 15 required. Most of
the rcasoning we do apparently does not involve the apphcation of
general purpose reasoning skills. Rather it scems that most of our
rcasoning ability is tied to particular bodies of knowledge. (p. 338)

Student.’ conceptions of natural phenomena are also examples of particular
types of mental representations; in this case representations of aspects of the
natural world which influence the way future interactions with phenomena are
construed.

The view of the learncr as architect of his/her own knowledge is a broadly
held assumption. There arc, however, differences between perspectives on the
types of constraints which act to shape the process. Both internal constraints in
terms of hmitations in processing capacity of the human mind, and external
constraints, in terms of influcnces from both the physical environment and the
cultural milicu through language and other forms of communication, are
variously recognized as playing a part.

Strauss (1981) argues tha: much of our common-sense knowledge is
spontancous and universal. He explans this by arguing that:

the common-sense represemation of qualitative empirical regularities
is tied to complex interactions between the sensory systemy, the
environment that supplies the information ... and the mental structures
through which we organize the sensory information which guides our
behaviours 1argue that individuals’ common-sense knowledge about
qualitative physical ~oncepts 1s no different today than mn the ames of|
say, Aristotle. (p. 297)

134

P

i g
| )
-




ERI

Aruitoxt provided by Eic:

Theory into Practice 11

There is some dispute about the last point made here by Strauss, it 1s arguced
that some mental models which arc used to organmize experience are culturally
transmitted and that the conceptual environment of humans living 1 the
twentieth century differs significantly from that, say, of the time of Aristotle
(consider the extent to which heliocentric models of the solar system or
notions of evolution through natural selection permeate our language and
culture).

It is likely that individuals’ prior conceptions derive fromn experience with
the environment, their existing ideas which are used to model new situations
and from cultural transmission through language (Head, 1985).

The process by which knowledge is constructed by the learner 15 broadly
surmised to involve a process of hypothesis testing, a process whereby schemes
are brought into play (cither tacitly or explicitly), their fit with new ssmuli 1s
assessed and, as a result, the schemes may be modified.

What determimes the value of the conceptual structures is their
experimental adequacy, their goodness of fit with experience, their
viability as mcans for solving problems, among which is, of course, the
never-ending problem of consistent organisation that we call under-
standing. ... Facts arc made by us and our way of expericnaing. (von
Glaserfeld, 1983, p. 51)

There is an epistemological imphcation of this view of knowledge as con-
structed which has yet to be taken seriously by educators, and that 1s that to
know something does not involve the correspondence between our conceptual
schemes and what they represent ‘out there’; we have no direct access to the
‘real world’. The emphasis in learning is not on the correspondence with an
cxternal authority but the construction by the learner of schemes which are
coherent and useful to them. This view of knowledge ‘has serious conse-
quences for our conceptualization of teaching and learming ... 1t will shift the
emphasis from the student’s “correct” replication of what the teacher does, to
the student’s successfui organisation of his or her own expeniences’ (ibid).

It is recognized that an individual’s purposes play a very significant role n
influencing cognition and behaviour; they act to priontize attention, to select
and order activities in complex situations. In educational setungs the mpor-
tance of the varied purposes of the participants, both teachers and pupils, 1s
clear'y relevant to shaping what 1s attended to by whom and to what end.

The Construction of Meanings in Social Situations

The extent to which a scheme “fits’ with an individual's experience may be only
part of the story. The way we sce the world cau be shaped by those we
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communicate with Socual factors are important in understanding the processes
of conceptual change The mmportant role that communication plays v
cogmuion ts becoming more wadely appreciated.” Learning is not being seen so
much as an dividual but as a social activity where meamngs are shaped
through discussion and negotiation between peers and between pupils and
teachers (Edwards and Mercer, 1987). Morcover, scence classrooms are
complex social systems within a wider system of schoohng Teaching children
mn such environments requires careful considerations of these social and
cultural influences on their learning.

Such a perspective suggests that learming depends on the contexts m which
it occurs It follows that studics of learning. which are gomg to be useful o
cducators, need to pa, attention to cducational settings and matters of
ecological vahdity.

Science ¢s Constiucted Knowledge

The constructinast perspective outhned m the previous sceettons applies not
only to the development of personal know ledge but also to saence as public
knowledge.

Although there 15 considerable agrecment among psychologists and
cducators about the constructive nature of the learning process, the con-
structivast analysts fiequently © ps short of addressing the nature of the status
of the know ledge to be learne, m this case the nature of scientific know fedge.
(Indeed cogmitive saence, which tends to focus on modethng the knowledge
systems of individuals, runs the nisk of seriously nusrepresenting human
learming of 1t farls to take account of this social dimension m knowledge
construction.)

Here a constructivist perspective draws on sociology of knowledge and
philosophy of science m constdering not oniy personal anow ledge but public
knowledge to b a human construction (Colhns, 1985).

In science education i particular we have a donunant perspective of a
view of knowledge as objective and unproblematic: Teatbook presentations
ond teachmg methods weschool and higher education remforce this view, Even
discovery approaches m saence teaching give implicit support to this perspec-
tive m that they tend to assume that the empirical method  (observing,
cassifymg, mterpretng, cte) can be undertaken objectively wathout reference
to an obscrver's way of seemg the world.

Current perspectives on the philosophy of saence, on the other hand, tend
to reject the idea of an “objectiv ¢ base of obseryations agamst w hich theories of
the world can be cheched Instead a dominant view s that saence as pubhie
knowledge 1s not su much a *discovery” as a caretully chedked “construction” In
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attempting to represent the world scientists construct theoretical entities
(magnetic fields, genes, electron orbitals ...) which m turn take on a ‘reality’.
Rather than viewing observations as the base on which knowledge 1s bult,
there is a sense in which it 15 these constructions of the world which are ‘real”.
It 1s through them that we observe, interpret and remterpret our experience.

Developing a curriculum in science which reflects this perspective needs to
acknowledge that science 1s about more than experiences of the natural world.
It encompasses the theories and models which have been constructed and the
ways in which these are checked and evaluated as colierent and useful. Perhaps
most significantly, from a constructivist perspective, these theories are not seen
as absolute but as provisional and falible. Moreover, theory makmg and
testing 1s a dynamic human enterprise which takes place within the socally
defined commumty and mstitutions of science.

Implications for Reconstruction of the Science Curriculum

Viewing the curriculum as a body of knowledge or skills to be transmutted 1s
clearly naive If we recogmize that mdividuals construct their own know ledge
as a result of mteracuion between their current conceptions and ongong
experiences, then it 1s perhaps more helpful to view the curriculum as a series
of learning tasks and strategies.

In an article in which he relates new developments i cognitive saence to
curriculum studies in general, Posner (1982) considers the central conception
which underhies the view of curniculum to be that of ‘tasks’. However, he
pomts out that ‘if we want to understand a student’s experience, the process of
learming, and the reasons why some learning outcomes are occurring and not
others, we must understand the tasks in which students are engaging and not
Just the tasks the teachers think they are “giving” to students’ (p. 343).

Adopting such a view necessarily means seeing the classroom learning
environment as cnormously complex In describmg the nmphaations of a
constructivist view for mathematcs classes Bishop (1985) pomts out that.

cach mdividual person m the classroom group creates her own
unique construction of the rest of the participants, of their goals, of the
mteraction between herself and others and of all the events wlich
occur m the classroom Such ‘objects’ as children’s abilities, mathe-
matical meaning, teacher’s knowledge, rules of behaviour, Jo not exist
as objective facts but are the individual products of cach person's
construction. (p. 26)

The aim in curriculum deelopment 1s then to create a Cassroom environment
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which *provides the social setting for mutual support of know ledge construc-
tion’ (Bereiter, 1985) Such an environment encompasses not only the learning
tasks as set, but the learning tasks as interpreted by the learners 1t also includes
the social organization and modes of nteraction betw een pupils themselves
and between teacher and pupils. Viewed in this way curriculum development
15 inscparable from teacher developmient

There are various features which may be scen to be charactenistic of such a
perspective:

(a) Learners are not viewed as passive but are seen as purposive and
ultimately responsible for their own learning They bring therr prior
conceptions to learning situations

(b) Learning is considered to involve an active process on the part of the
learner It involves the construction of meaning and often takes place
through interpersonal negotiation.

(c) xnowledge 1s not ‘out there” but 1s personally and socially con-
structed, its status is problematic. It may be evaluated by the
mdividual 1 terms of the extent to which it ‘fits’ with their
experience and 1s coherent with other aspects of their knowledge.

(d) Teachers also bring therr prior conceptions to learning sttuations not
only in terms of their subject knowledge but also their views of
teaching and learning These can mfluence their way of interacting in
classrooms.

(¢) Teaching is not the transmission of knowledge but involves the
organization of the situations in the classroom and the design of tasks
in a way which promotes scientfic learning.

(f)  The curricutum is not that whichi 1s to be learned, but a programme
of learning tasks, materials and resources “om which students
construct their knowledge.

This view of the curriculum also has imphcations for curriculum development.
A linear means-ends madel of curniculum development is clearly :nappropriate
as it fails to take account of the purposes and meanings constructed by the
various participants Instead, the progressive development of curriculum
requires a reflexive process in which feedback from all the participants,
including researchews, teachers and students, provides mformation on how
cach are mterpreting a series of tasks which can then be adapted to improve the
ektent to which learning 1s promoted. This implies not only learning by
students but also learning by teachers about the ways students construe
presented tasks

The next section describes how this process is bemg implemented 1n

practice.
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Curriculum Development as Action Research

How mught the features outlined i the previous section be embodied 1 actual
science classrooms? What mighr «chemes of work w hich reflect these features
be Ike and how nught they be implemented? What mught be the outcomes of
such a way of working? How mught teachers and pupils respond® These were
the questions the Children’s Learning 1 Science Project set out to explore over
the last three years; the aim of this phase of the project’s work being to devise,
tral and evaluate constructivist teaching sequences m sclected science topic
arcas.

Before giving an account of the schemies of work and the factors mvolved
i their design 1t may be useful to outhne the orgamization and work
programme of the project.

Since teachers are mvolved in such a fundamental way m the successful
tmplementation of a curriculum, 1t was decided by this project that the rescarch
and development of constructivist approaches to science teaching should be a
collaborative exercise between teachers and rescarchers. Malcolm Skilbeck
puts the point very sucemnctly when he says ‘the best place for designing the
curriculum is where learners and teachers meet’

Sccondary science teachers from schools w ithin travelhng distance of the
University of Leeds were mvited to take part in an mitial tw o-year project and
over thirty teachers undertook the commitment. The purpose of the project
was outlined as involving the development of teaching approaches i three
topic arcas: (i) energy: (1) the structure of matter, and (m) plant nutrition — all
ones 1 which the project had already undertaken rescarch on children's
thinking and had found conceptual problems.

The teaching approaches were to take account of students’ prior 1deas and
to promote conceptual change. Although the premuses on w hich the project 1s
based were outlined to the varticipating teachers (Driver and Bell, 1986;
Driver and Oldham, 1986) these were nitially construed m vartous ways by
those involved It 1s not only the students’ prior knowledge which 1s of
concern, teacher’s conceptions about knowledge and learning also nfluence
what happens m classrooms This has meant that the project has in cffect had
two parallel agendas (a) the development of teaching schemes which promote
conceptual change n secondary school students; and (b) the mplementation of
a way of working as a project which promotes the conceptual development of
participating science educators.

In working with teachers in these two agenda tashs, 1t was most umportant
to recogmze that there are constraints in operating in classrooms and schools
which need to be taken into account m planming In addition to the obvious
physical conscraints of teaching tume  awilable. the hmitations on teaching
space and cquipment, there are also more subth Constraints due to teachers’ and
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learners” expectations about know ledge, scaence, schools and dassrooms and
their roles m them.

Three working groups of about ten teachers, cach wath a rescarcher, were
set up, one for cach topic arca The programme of work for the two years fur
cach group 1s represented m figure 1 The first tash the teachers m cach group
undertook was to study the learming of the topic m question by students in
their own classes (in age range 12-15 years) All participants taught the
sclected topic m thar normal way (this ‘current practice” mvolved a sequence
of lessons over six to aght weeks). Students’ learming was studied using a
number of approaches. Teachers gave therr class a diagnostic test before and
after teaching the topre and kept a diary over the perrod mn wlich the lessons
were bemg taught The researcher from the group visited some teachers and
kept a more detailed account of the lessons mvolving field notes, audiotapes
and mterviews wath students and the teacher

The documents which were produced (Bell and Brook, 1985, Brook and
Driver, 1986, and Wightman et al.. 1986) were used as a basis for reflection on
current practice by the group. Students’ particular conceptual problems were
documented and pedagogical concerns were also wdentified. At this stage. the
groups were attemptig to make exphiat thar views on the saentific ideas to
be taught and to share ther developmg perspectives on the teaching and
learnmg processes

The outcome of this steze of work mcluded (a) a speafication of the ideas
to be taught, (b) an analysts of some of the conceptual problems students
encounter, and (c) a cninque of current pedagogical strategices.

Towards the end of the first year cach group worked together for a week

Figure 1: The programme of working groups
account of
schemes in —®—
practice

design of
revised schemes \\

documentation

of revised
generating documentation practice
revision revised work ~ _ of current
and perspective group practice

retrial

reflection
on practice

reflection
on practice
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to devise a revised teaching scheme for their topic, drawing on the msights
gamed over the year and further reading of the rescarch literature. All the
schemes were designed to take account of students” prior 1dcas in the topic and
to provide learning activities and a learming environment .nmcd at promoting
conceptual change.

Throughout the development of these schemes we were conscious that
their structure should quite explicitly make students aware that learning may
mvolve change in therr way of thinking. The tuchmg schemes themselves
followed the gencral sequence shown n tigure 2

Figure 2: General structure to teaching sequence
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After a scene-setting orfentation activity in which students’ attention and
interest 1n the topic 1s arouscd, the class spends tme discussing and reviewing
their own 1deas or models This elicitation phase 1s usually conducted in small
groups first. Each group 1s asked to represent theirideas on a poster or by other
means and then present these to the class as av:hole. Similanties and differences
in students’ prior ideas are identified and 1ssues for further consideration are
noted. The posters remain displayed as a record during the rest of the unit of
work and may later be amended or commented or. It ts not only teachcrs who
neced to be aware of students’ prior conceptions, 1t is important that students
themselves make them explicit and clanfy them.

The restructuring phase, the heart of the scheme, has involved the use of a
wide range of strategies which are reviewed 1n the next section. The lesson
sequence then gives students opportunitics to try out and apply their revised
conceptions in 4 range of ways. This may involve practical construction tasks,
imaginative writing tasks or more conventional text book problems to solve.
At the end of the lesson sequence classes are given the opportunity to review
the extent and ways i which their thinking has changed. The carher posters
may be modified or new ones constructed and compared with the earher ones.

A learming environment which requires students to make their 1deas
explicit and to test out new ways of thinkmg could be very threatening. If
students’ efforts are evaluated too carly by the teacher or by other students then
they will tend not to experiment in their thinking but want to be told, thus
possibly short-circuiting the knowledge construction process. Techmiques
were developed to set up such an environment 1n classes. Students were
encouraged to express their ideas in an organized way through small group
actnvities and through their involvement in the preparation and presentation of
poswers. The group acuvities have included discussing and representing
theories or 1dcas on a topic, devising experiments to test ideas, developing
more complex models to represent experinces, undertaking practical con-
struction tashs i which conceptions are apphied. It has also required teachers m
many cases to change their class discussion management routines quite
radically, avording closed questions, accepting a range of suggestions from a
class without requiring premature resolution of a pomt.

The revised schemes were implemented in the second year of work and
the lcarning taking place in the classrooms was monitored agamn in the same
way. The groups met for an extended pertod to review the findings from the
first trial of the schemes Undoubtedly these first trials led to a greater
understanding of sonie of the students’ conceptual problems. It also gave
insight mto reactions by teachers to implementing a much more open approach
mn their classrooms. Revistons were made to the schemes which were then
retrialled. The rosulting published schemes (Children’s Learnmg in Science
1987) include not only an outhne of suggested activitics but provide a map of
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the main trends found by the working groups in the kinds of idcas used by
students 1n their classes and the routes they took in their thinking.

Models of Conceptual Change and Science Teaching

What theories can inform the design of teaching sequences and the selection of
suitable learning tasks? This 1s very much an open question but one which 1s
being actively explored by cducators and developmental psychologists.

There are various different hypotheses concerning the way conceptual
change comes about and it 1s probably premature and unwise to adopt any
single model Like the fable of the blind men and the clephant, 1t seems likely
tkat they may be addressing different aspects of a complex process. This 1s not
to say that the development of teaching strategies needs to occur 1n a totally
atheoretical or ad hoc way. There are a number of theoretical developments and
experimental studies which can inform instructional design.

Within the teaching schemes developed by this project, a number of
different teaching strategics have been used to encourage the construction of
new concepts. The choice of the strategy has depended on the nature of the
students’ prior conceptions and the learning goals. The following are among
those that have been used:

(@)  Broadening the range of application of a conception
Students’” prior conceptions may be a resource which can be
extended. For example, for younger children energy is attributed to
human energeticness and motion By inviting children to consider
what happens to their energy the notion can be generahized to
encompass the motion of inanimate objects leading on to an
appreciation of energy being ‘stored’ in springs, ctc.

(b)  Differentiation of a conception
In many arcas students’ conceptions can be global and 1ll-defined and
particular experiences are necessary to help them differcnuate their
notions (for exaraple, heat and temperature, force and energy, wetght
and moment)

In the arca of energy, we found that students did not differentiate
between the weight of an object and the cnergy transferred when the
object is hfted up (within normal experience, the force of the Earth's
gravitanonal field on the objec* 15 constant with changes 1n height
above the Earth's surface). Due to this confusion, students would
assert that an object gained weight on being hifted up yet this was not
supported by the evidence of spring balance readmgs. There was a
nced for a “something’ that changed while ‘somethmg clse’ remamed
constant (Brook, 1987).

143

O

RIC

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

Rosalind Driver

144

(©

(d)

Building experiential biidges to a new conception

Rescarch by Brown and Clement (1987) with college students has
indicated the importance of thought experiments m constructing
conceptual bridges for the ‘book on the table problem” Our work
has been with younger students and perhaps not surpnisingly we find
it can be important for such bridges to be constructed through
practical experiences.

A prior conception about energy which is widely held is that
energy can disappear. In the case of a hot cup of tea in a room,
. udents assert that the tea cools down and the heat energy dis-
appears. To encourage the construction of the notion that energy
does not disappear but that 1t goes somewhere, possibly ‘spreading
out’ so it is less detectable, classes conducted a series of experiments
in which a hot cup of water was allowed to cool 1n outer contaners
of cold water ol progressively larger volumes. The temperature of
the water i the imner and outer containers was recorded and plotted
at regular mtecvals of tume. After inspecting the resulting graphs,
students werce then asked to think about what happens when the
outer container is the room itself. Having done the acuvity and
plotted the graphs, students were able to construct in their 1magin-
ation the notion of heat being ‘spread out’ in the room.

Unpacking a conceptual problem

In some cases a conceptual problem occurs which cannot be solved
directly but which requires a deeper problem to be addressed. A clear
example of this occurs in the teaching of the kimetic-molecular
theory of gases where children will accept the existence of particles
but have difficulty with the concept of intrinsic motion. The prior
conception to be dealt with here 1s the well known conception of
‘motion requiring a force’. An analysis of learning problems of this
kind cculd give some guidance to the sequencing of topics
curriculum as a whole.

The unporting of a different model or analogy

In the "essons on the structure of matter, students were asked to
exanun? the properties of a range of substances and to describe and
explain them. The observation that a gas 1s “squashy’ chcited ideas
among many students that gases are not continuous stuff but made of
partcles with spaces betw cen them, (An alternative model involving
‘squashiy molucuics” has also been proposed and defended.) Simple
experiences with objects 11 one domam are being drawn on to
account for behaviour in another domain.

It 1s probable that carly experiences provide children with a
scries of schemes which are important for them to draw on 1n later

150




Theory into Practice 11

science teaching. Such basic schemes could include flow i both open
and closed systems, spreadig out and packing together of objects,
and oscillating systems,

(f)  The progressive shaping of a conception
In the teacling of the particle theory of matter we find the initial 1dea
that matter is particulate rather than continuous 1s rapidly adopted by
12-ycar-old students. The properties of those particles and the way
their behaviour accounts for various macroscopic properties have to
be treated progressively as students come to explore the range and
limitations of their theories. Experiences which focus attention on
mtrinsic motion of particles and the forces between particles have
been found to be important. In adopting a model, students need
opportunitics to test it out, see where it fals i order to adapt 1t
Some bits will be constructed which conform to scientific ideas,
others will not (for example, the notions that particles are ‘squashy’,
expand on heating or that there is air between particles are com-
monly used (Scott, 1987)).

(8)  The construction of an alternative conception
In some cases students’ prior 1deas are incommensurate with the
scientific conceptions, and attempting to shape their notions into the
scientific ideas only leads to problems. In a case of this kind we have
acknowledged students’ prior ideas and discussed them. We have
then indicated that scientists have a different view and an alternative
model is built. Students have the opportumty later to evaluate the
scientific model in relation to their prior ideas.

This was the approach we took to teaching plant nutrition.
Students’ prior 1deas about plant nutrition focussed on the notion of
food as somecthing taken m from outside the plant. Within thus
conception water, ‘goodness from the soil’” and even hght, are seen as
food for plants. The scientific notion, however, hinges on an
alternative conception for food — that of providing cnergy for
mamtaining the processes of a living system In the case of green
plants, the chemicals which are mvolved are synthesized. The
discontmuity 1n the students’ basic conception and that of scientists
was recogmzed m the teaching and an alternative conceptual scheme
for plant nutrition was presented together with practical experiences
supporting 1it.

In this task of designing, trialhing and evaluating teaching sequences which
arc better tuned to learners” understanding 1t has been necessary to consider the
mature of learners’ _onccgrions and how they differ from the learnmg goals
order to idenufy appropriawe pedagogical strategies. This leads to the sug-
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gestion that strategies for promotng conceptual change need to be my estigated
in the context of particular domams of knowledge. General prescriptions of the
conceptual change process by 1tself are not enough, mformation about the
nature of the conceptucl change to be promoted 15 necessary m designming
instructional sequences.

Teacher Reflections

How do teachers feel about putting theory into practice m this way? Most have
found it personally satisfymg though demanding

[ found this a particularly useful and mteresting exercise . there was
the disciphne of the diary and the discussion with the researcher
“immediately afterwards at a time when everything was sull fresh
(John Davidson in Brook and Driver, 1986)

The mvolvement caused many to reflect on the nature of understanding, both
thetr students’ and their own:

In some ways the constructivist approach seemed to throw up more
doubts for the pupils than would a traditionai approach As one pupil
stated, ‘What we ave “ere 1s mullions of 1deas bashing after each other
— kicking each other in " Not for him the measured statements, ncat
diagrams and superficial understanding of the traditional approach.
Until we have mspected some of the shady arcas of a subject and have
fully examined our own thoughts upon it — can we hope for
understanding? (Scoet and Wightman, 1985)

Ongoing Issues

In maplementmg a constructivist approach to teachmg and learmng science
there are a nuniber of teatures wlhich need to be addressed n the long term

Expermmental Studies on Conceptual Change

Analyses are needed to mdicate the nature of the coneeptual change required in
different areas of concern — then appropriate strateges need to be devised and
evaluated. In the cvaluations attention needs to be paid to longer-term
effectiveness of strategies and to the contexts m which the learning 1s useful to
the learner.

146




]

Theory ite Practice I1

Longuudmal Studies of Conceptual Development

Not only do we need to know how to mtervene ctfecuvely m students’
learning, we also need a better understanding of when to mtervene. Here
longitudinal studies of the development of chuldren’s conceptions, such as those
reported in the topic of light by Guesne (1985), in biological topics >y Carey
(1985) and m heat and temperature by Strauss and Stavy (1982) provide
mmportant mnformation as to how 1deas build on one another trom the child’s
point of view

Metacognitive Learning

Studics of how students can be encouraged to take responsibility for their
icarmng both personally and withm the social settings ot classrooms and

schools play an important part 1n a constructivist agenda (Batrd and Mitchell,
1986).

Teacher Education

However  effectve  and  empincally  well-estabhshed  certam  teaching
approaches may be, unless the research findings are implemented they are of
hittle value to the educational world. This rases questions not only about how
well rescarchers communicate therr findings to pracuitioners but also who
‘owns’ and 1s commutted to the enquiry m the first place.
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Role of Language in Science Education

V.G, Kulkarni

Introduction

The problems of education in the Third Woild are qualitatvely different from
those in the industrially developed Western world. Historically, the Third
World remamed colomzed in the nieteenth century and in the first half of the
twenticth century, a period which saw rapid development of science and
technology Scveral countries m the Third World acquired pohitical ndepen-
dence soon after the Second World War, and began programmes for develop-
ment These countries faced, and continue to face, several problems (apart from
poverty) such as huge populations with large growth rates, very high
percentage of ilhiteracy, underdeveloped commumiation systems, and a poor
mfrastructure for cducation Attempts for development are thw arted by lack of
cducated and tramed manpower, while cfforts for universalization of even
clementary cducation are meffective because of lack of development  The
severe nature of this disparity is illustrated vividly by the fact the percentage of
students remaining in the educational stream after the age of 20 1s less than 3
for the bulk of the Third World, as agamst 38 for the developed world (see
World Development Report, 1937).

The current method of cducating people 15 based on literacy as a
prerequisite, and the hteracy/hnowledge/competance for a Job cyde imphies
that entrants have to stay i the system for over a decade i order to profit from
cducation Several factors, of which poverty 15 certanly the most mmportant
one; affect the staymg power of first generation learners It can be seen from
figure 1, that even m a relatively advanced country hke India, the drop-out rate
m the first seven years of schoohng during the past seven decades 1 decreasig
only slowly

The mamn focus of this chapter 15 to discuss the role played by inguage.
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Figure 1: National retention profiles of pupils in India, grades
Ito VI, 1911-1982
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particularly i science education, 1n formal and non-formal schools i typieally
Third World countries. with some reference to similar probloni. faced by
soctoculturally deprived commumues 1 the developed countries.

Scope of the Review

It 1s generally known that language ts an important factor i cogrution and that
the process of language acquisition 1s strongly cultiire dependent How ever,
there are several aspects of che torms language and fanguage acgursanion. The scope
of this chapter 15 restricted to the role language plays m school learning.
espectally learning of saence "t wall net be relevant to consider, therefore, the
rich litcrature on how childien acquire language m the imtial stages, or the
literature relaung structare of the English language with the process ot its
language acquisition by children. More relevant is the role played by language
n classroonm wstruction at the school level and a comparison of the language
environments i and out of school Tt must be pointed out, howaver, that wlule
the literature on how children acquire language 15 considerably rich (sec. for
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example, Bloom, 1978), appreciation of the role played by the difference m the
language environments in and out of school s relatively recent (for example,
Barnes, 1986) Even more importantly, mtervention types of studies to design
and evaluate programmes to overcome learning hurdles arising from this
difference mn environments are rather few

There 1s yet another aspect of language which will not be considered here
Some linguists, for example, Wharf (1956), have commented upon the
underdevcloped nature of some of the primtive languages spoken by some
African tribes, clanmung that in view of the primitive nature of these languages,
science could not be communicatzd through them. While this issuc 1s open and
debatable, 1t would be more fruntful to assume that must of the languages
spoken by large groups of people mn the Third World, and which have scripts
and hterature, are intrinsically capable of communicating modern science. The
problem of coining technical words s relatively trivial and can be solved m a
vartety of ways.

Language Environment
In the Locality

Any modern metropolitan arca 1s rich i the variety of written messages
displayed by signboards, advertisements, flashing ncon signs, ctc. These
displays arc important mputs to a grow g child who even before entering the
sthool learns to assoctate a variety of signs with their contents. Later, these
displays help consolidate the literacy acquired i school. In developed coun-
tries the basic difference between the urban metropolitan and the rural arcas 1s
in the density of these messages. In the Third World, rural arcas are often
totally deprived of any such signs.

One of our recent surveys, conducted i rural India m a regron not far from
the mutrepolitan city of Bombay, brings out the paucity of such mputs in a
striking fashion (Kulkarni et al., 1988) Several small villages did not have any
written message, not even the name of the vitlage, displayed anywhere. Bigger
villages with populations ranging from 1000 to (say) 5000, had a few displays
cssentially restricted to signboards on butldings carrying names of mstitutions
housed Even these werce restricted to few mstitutions ke the primary school,
primary hcalth centre, office of the local maniapality and the name of the
village Tradesmen m the village like the grocer, the carpenter or the tatlor, did
not have a signboard There wre no advertisements either Only large villages
with populazions exceeding 5000 had a variety of signboards and display .
Obviously, even school-gomyg children growing m such a deprived environ-
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ment cannot hope to receive any reinforcement to language lessons imparted
by the school.

Even withm the metropohtan towns there 1s considerable difference m the
language environments of the rich and the poor localities. However, city slum
dwellers can hope to get some exposure to publicly displayed messages and
adverusements. Literatvre dealing with problems of inner aities and slum arcas
in the United States describes this difference in environment quite eloguently
and attempts to trace differences i scholastic achtevements to these environ-
mental factors (sce Ward, 1974; and Harrison, 1983). One can imagine the
mtensity of hurdles tnvolved in umversalizing literacy m the Tuird World
where these differences are far more pronounced, and where a vast majority of
the population hives i rural arcas.

The language environruent n rural arcas 1n terms of spoken language 1s
also poor due to the prinmuve nature of hfe-styles. Children are seldom
exposed to a logical argument, while multiparameter arguments involving
quantitative thinking are simply unknown. Any cffort to universalize element-
ary science-based cducation has to take these factors mto account Acquiring
hteracy in such adverse conditions 1s not casy. Even more mportantly,
sustamming the acquired literacy 1s difficult sice the environment offers so httle
on which to practise one’s hteracy skills

In the School System

In most of the Third World countries the school systum, as we percerve 1t
today, has evolved during colomal pertods The primary function of such a
sthool is “sclection’, filtering out the bulk of the population and sclectmg a few
who could help the rulers mamtan law and order and carry out simple routine
tasks. Under this system children were expected to enter school at the age of
about 6. It was also assumed that the population of cnldren entering school
would be tmore or less homogencous (if not the drop-out would ensure ths),
except of course, for the differences arising out of a stanistical distribution of
natural endow ment This also unphed that those mvolved m the developmient
and running of the school system were also 1ts prinapal users and beneficraries.
In the absence of a pohitical will to democratize and universahze education,
these factors resulted m dividing sodicties into the traditional learnig dass and
the illiterates outside the system.

Independence led to the emergence of a strong pohucal will to unmiversahze
cducation. The school systems were eapanded and the doors were thrown
opein to all, with meentives offered to first gencration learners. However, even
though the profile of students entering school has changed radiaally, the
practices i the school have hardly been revised to take thiss change mto
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account The teacher traming programmes contnue to be traditional, concen-
trating on clementary communication skills. What 1s needed 15 a strong
emphasis on making the teachers aware of the problems of first generation
learners and on giving them operattonal instructions to help these learners
overcomie their problems

The Role of Language

The human mund 1s endowed with an ability (not shared by any other specices)
of abstracting from natural experience an essence m an abstract form, and
articulating it in a manner that permits its transnussion and mampulation It 1s
this facility to manipulate knowledge m a symbolic framework that enables
humans to derive deeper meanmg from their experiences and to generate new
knowledge which natural experiences in their raw form could never reveal It
15 this unique ability that disunguishes humans and makes possible an
accelerating rate of knowledge acquisition. The emergence of language, the
mventior of the script, and the application of mathematics (symbolic language)
to natural sciences are timportant nitlestones in human history. While speech has
been mternahzed, other language skills such as writing, using mathematacs,
dealing with multparameter arguments have to be learnt spectfically. Thus, in
the context of science education, these higher forms of language skills assume
considerable importance. It 1s important to realize that the bulk of the student
population m the Third World enter school with only a restricted speech ability.
The task before the school is to raise their language competence and to teach
them science simultancously. The future of the Third World depends on ats
ability to solve this problem

Some Interesting Experiments
This scction describes a few mnovatve and mtervention type of experinents.
While the author has drawn largely from experiments conducted m his
mstitution which 15 primarily devoted to studymg problems m science
cducation of deprived sections of the commumty, references have been made to
smular studies conducted elsew here. It is felt that experiments reported in this
section are more or less representative of situations presathng m the Third
World.

Fust Steps i Literacy

A project was undertaken i collaboration with the Indan Institute of
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Education, Punc, to design a science-based, non-formal curi.culum for the
school drop-outs i a rural arca located about 250 ki south-cast of Bombay
(sec Kulkarm er al, 1988. and Kulkarmi, 1983). In this experiment an attempt
was made to develop a science curniculuin based on about 100 learming
situations commonly encountered in that arca A four-page pictorial folder was
prepared for cvery learnmng situation  Literacy was not assumed to be a
prerequisite for understanding the message m a folder. In fact, teachers werc
adwvised to usc these folders to motivate students to acquire iteracy, for which
lessons were given concurrently.

The progress made by students in acquiring hteracy was measured
longitudinally Since Marathi (the language spoken by these cluldren) 1s written
in the Devanagari script, 1t made sense to mntroduce children to simple letters to
begin with. After they acquired the skills to read words composed of simple
letters (stage 1), sentences composed of such simple words (stage 2), and short
paragraphs of such sentences (stage 3), they were introduced to the higher
skills of recognizing compound letters. A compound letter 15 a smgle symbol
standing for several sounds like (say) ‘PRO’. Stages 4. 5, and 6 represented
abilities to rcad words, sentences and paragraphs respectively, contaming

Figure 2: Pertentages of rural ‘drop-out’ pupils achieving
reading stages in science-based, non-formal curriculum
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Figure 3: Distribution of reading performances of rural, drop-
out’ pupils as a function of training for literacy stages.
(a) Stage 1 (WORD); (b) Stage 2 (SENTENCE); (c) Stage 3

(PARAGRAPH)
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compound letters It was found that shalls for recogmzing compound letters
were difficult to acquire, but once these shills were acquired, the hteracy
became truly functional Figure 2 illustrates this trend clearly

It 15 even more mteresting to study the distribution of the reading
performance of students m the different stages of hteracy as a function of time
Such a study was conducted for another batch of students involved m this
project. and distributions were obtamed after they were exposed to the
programme for four months, nme months and oue year respectively Figure 3
shows the distnibutions of students for the first three stages of Lteracy,
‘WORD', ‘SENTENCE' and *PARAGRAPH’ after the three lengths of
learning exposure.

These distributions of reading performance are all seen to be ‘U’ shaped
curves which, not surprisingly, rotate counter-clockwise from the first to the
third lengzh of learming exposure. The ‘U’ shaped nature of the curves mght
demonstrate a hintation of the raung scale used m these measurements, where
the intermediate reading perfornances were not well discerned. How ever, one
might also mterpret this shape and the counter-clockwise rotation of the
curves as evidence that mtermediate performance level betw een not knowmg
and knowing how to read erther are rare or are very shorthved, and that the
transition betw ecn lhiteracy and hteracy 1s sharp. It 1s mteresting to conjecture
whether there exasts a typraal gestation period in the acquisition of reading
shills. Such a study would have mmportant unphcazions for the tmmg and
approach or strategy to be adopted m evaluating hteracy programmes,

It would also be mteresting to repeat such studies m other arcas usmg a
variety of scripts If one has some expermmental evidence for gestation periods
mvolved for acquiring hteracy m a given seript, the dangers mvolved m
reachmg premature conclusions. or m abandonmy programmes when success 1s
about to be achieved, could be nunmuzed. Such findings would be of relevance
smee they would mean that the process of acquirmg readmyg skills would
depend upon the nature of the seript

The Concept of Prctontal Literacy

Sacnce hterature for ddnldren, and also litcrature for hterates, 15 often
illustrated hberally with prctures and diagranis. It 15 hoped that readers wall
find tustrated material attractiv ¢ and caster to comprehend Evaluanon of the
non-formal project dosaribed m the carlier section shows that this assumption
15 ot quite vahd and that 1t needs to be tested (Kulkartn, 1987) Teis not correct
to assume that llustrations based on comventions are interpreted umquely. In
fact, conventions hke the use ot an arrow to show direction or a sequence of
steps. or the use of a cross to mdicate prolbition, or the use of mscts to show
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Figure 4: lllustrations used to teach elements of pictorial
language common in science education
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details of a part of an illustration, constitute clements of pictorial literacy which
have to be taught. Figure 4 shows some of the llustrations used n pictorial
folders. These ilustrauens were mterpreted m many different ways by
non-formal students.

The difficulties involved in understanding these illustrations have important
implications. Developmg countrice undertake programmes to educate therr
people on vital aspects, like family planning and preventive mediane. These
programmes often use posters contaimng written and pictorial messages. The
Third World countries have undertaken extensive programmes for providing
health services with messages (sce Werner, 1978) that are based on complex
illustrations. It would be uscful to ensure that pictorial hteracy 1s imparted
dehberately if these programmes are to succeed.

Can Literacy Be Unwersairzed?

Universalization of hteracy has been given prionity, and programmes to
achieve this goal have been launched with considerable zest and support from
mternational agencies. Is 1t correct to assume that commutment of resources
does ensure success of these projects? Mathematical models of hteracy dy-
namics raise doubts about the validity of this assumption. A model based on
the mterplay of two contradictory factors, a progressive hiteracy trend
implying that offspring arc at least as literate as their parents, if not better, and
a feruhty rate inversely proportional to hteracy unplying a lugher growth rate
for the illiterate sections, shows analytically that 100 per cent literacy cannot be
reached regardless of the mitial distribution (Kulkarm and Kumar, 1986). A
more realistic model takig mto account the motivation of the illiterate to ape
the hterates, and leading to a non-lincar Markovian model, also shows that
unless this motivation is strong and sustamed long enough to mdlude efforts to
acquire higher education the society gets locked mto oscillations of short-terin
progress followed by setbacks (Kulkarni and Kumar, 1988). The implicatic..
of these findings are that education being a social mstitution depends for its
progress upon the extstence of a strong soctopolitical will m the society Faillure
of progi .mmes like ‘Operation Headstart” in the United States, and the
mabihty of most developing countries to attamn the goals of universalization of
education need to be exammed 1o the light of these findings.

Concepts in Sociolinguistics

Language plays so umportant a role i human devclopment that the quality of
language acquired by human groups more or less deades the roles and
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professions avatlable to them The level of language serves as a predictor of
relative positions of groups in various social strata (scc Fowler et al,, 1979),
What are the distmctive features of language behaviour of various soctal
groups? Can the cducation system hope to bridge these gaps? Before one can
attempt to discuss these questions it is relevant to enumerate four stages in the
development of language.

In 1ts initial stage a language is restricted to names of objects and actions,
and to adjectives and adverbs to qualify them. Such a language 1s essentially
descriptive and is rot equipped to express causal relationships and hence to
present an argument. The second stage of development includes causal
relationships and an ability to join sentences using conjunctive forms, like
because, hence, cven if, therefore, ctc. However, even at this stage its capabihity 1s
restricted to single parameter arguments,

Abthty to handle several parameters simultancously marks a very impor-
tant development m language. It is mteresting to note that the works of
Malthus, Darwmn and several other social scientists emerged withm a narrow
span of time soon after the European languages developed to handle multipar-
amcter arguments. The forth stage of development includes the use of
mathematics which greatly enhanced the scope, accuracy and manipulabihy of
human thought. Newton's work provides an excellent example of this stage
of language development.

The majority of people m any country exhibit a language behaviour
Imited to the first two stages Only highly cducated people can operate m the
third and the fourth stages While children of educated parents can express,
ceven at therr school-gomg age, concepts like, "A cow 1s uscful becase she gives
milk’, the first generation learners are not even cquipped to speak n full
sentences Rural children grow g m poor language environnients w hich offer
few opportunitics for meaningful Iinguistic mteractions with educated adults
do not automatcally improy e their language behaviour Programmes have to
be undertaken to make teachers awarce of these difficulues and to give them
operatioual instruction, for improving ther pupils’ language skills.

The language used m schools also contans several soctal markers with
which the rural learners are not familiar For example, the question, Why do
we cat food” is not amed at secking personal mformation but s designed to
mntroduce human physiological needs Sinlarly the question, *Where do you
buy medicines” 15 designed to test whether students know that shops sclling
medicmes are called *chemists” shops™. In the absence of adequate aw areness of
the Iimguistic difficulties faced by deprived students, teachers are bew aldered by
strange and unexpected responses. while the puptls are baffled by a language
that looks artifictal and crazy The gap between home and school has o be
bridged by the school
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Experiments in Sociolinguistics
Improving Language Capability

In the spring of 1970 the City Umversity of New York guaranteed admission
to any high school divloma holder residing in that locality. This decision
resulted 1n much larger enrolment and also 1n a big change in sturlent profile.
Language tests admimstered to these students showed that the students could
be divided 1nto three categories. (1) those who met the traditional requirements,
(n) those who had just survived the system and who showed no flair for
comprechension, (ni) those who were so far behind the others that they
appeared to have no chance of catching up. Serious atteripts were made to
analyze hnguistic problems faced by the backward students so that proper
remedial measures could be designed (Shaughnessy, 1977). The single most
mportant finding of this experiment 1< that language mcompetencies can be
analyzed and traced to lacunas 1n environment and that ramedial measures can
be expected to work. It 1s more rewarding to pursuc such studies than to adopt
a passive stand based on 1Q.

Effect of Language Development on Scholastic Performanee

In yet another experiment undertaken by the Honn Bhabha Centre for Saience
Education (HBCSE), an attempt was made to boost the scholastic achievement
of soctoccononucally deprived students. In this experiment a batch of forty
students belonging to the scheduled castes (former untouchables — untouch-
ability was abolished by law soon after mdependerce), and studying in class
VIII m onc of the mumcipal schools was sclected m 1980, on the basis of
viamty of their school to HBCSE laboratories and on the basis of the students’
motivation as scen by their performance and willingness to take a two-hour
test. Fresh batches were added m subsequent years. Care was taken to ensure
that at the ume of sclection the purformance profile of the scelected students
matched that of the student population from these schools The selected
students were given remedial measures 1 science. mathematics and language
for three hours per week during academuc sessions for three years unul they
apprared for a public Secondary School Certificate (SSC) examunation m
class X.

The experiment showed that scholastic performance of deprivad students
could b boosted substantially as scen from figure 5, contradicting the view
eapressed by Jensen (1969) that scholastic achievement cannot be boosted.
Detailed reports of thrs eaperiment have been pubhshed (Kulkarni and
Agarkar, 1985) and reported i international s nunars (Kutkarn, 1984) It s,
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Figure 5 Comparnson of learning achievement of socio-
economically deprived pupils (BATCH F) given remedial
curricula with Bombay Municipal Corporation pupils

(@) science performance, (b) mathematics performance
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however, relevant to present here yet another finding of this expermment; that
mmproving hngustic capabihitics was a prerequisite for remedial measures to
work.

All the project students were hterate in the conventional sense. However,
they were poor in reading comprehension. They lacked the ability to abstract
from a paragraph the cssential central theme, and were, therefore, forced to
remember everything they read. This important lacuna had to be remedied by
introducing the system of asking students to read simple booklets and
encouraging them to present their summaries orally and later in writing. The
students were also encouraged to describe their reading material to members of
their families. Their reading comprehension improved over a period of two
years which affected positively their motivation to read. Improved linguistic
ability was an important factor 1 boosting performance m other subjects.

The project students had to offer English as a compulsory subject for the
SSC examination. It was found that their vocabulary m Enghsh was poor as
compared to that of typical students {rom better schools. There was no
obvious reason for this dispanity since most students learn Enghsh as a seccond
(and foreign) language mainly in schools. At the same time, when an attempt

Figure 6 Companson of learning achievement in Enghish of
socto-economically deprived pupils (BATCH I) given remedial
curricula with Bombay Municipal Corporation pupils
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was made to teach words, the students were bored. Tt was mportant to rcahze
the significance of active and dormant vocabularies. Games ke makmg words
using letters from a given word like (say), TABLE or STATIONERY, served
to convert part of thewr dormant vocabulary meo 1 active one and also to draw
upon the active vocabulary of therr peers. Ounce equipped with a larger
vocabulary the project students had heele difficulty m understanding structures
in Enghsh. A comparison of the performance of project students in Enghsh
with that of students from the Corporation schools, presentce. m figure 6,
brings out this pomt.

These experiments have sigmificant imphications. Students from deprivea
sections of the society are demanding access to higher education. They can no
longer be dented tims access on the basts that they do not ‘quahfy’. It has,
however, been a common expertence that remedial measures have often not
been successful The contents of these remedial programmes need to be
re-exammed on the basis of the results described above. Perhaps the relanve
weightmgs given to science, mathematics, and language (ncluding prctoral
literacy and schematic diagrams) need bold changes.

Matching Texthooks to Students’ Language Skills

While programmes to improve lingwstic abil-ties of students to enable them to
read science texts may be appropriate at the secondary level, 1t 1s relevant to
examine whether mstructional material in science preseribed for lower levels s
unnecessarily ditficult and clumsy. It was found that the language level m
science textbooks prescribed in the state of Maharashtra (Indua) for grades V, VI
and VII was higher than that of the correspondmg language texts. A project
was, therefore, undertaken to test the effect of simphfymg the language of
exposition of these texts (Kulkarni and Gamblur, 1981). Lingusstically sim-
plificd versions were prepared and tried over a large sample (mvolving 10,000
students) The experiment did not involve any ocher parameter, hke teacher
trammg, better laboratory facilities, or availabihity of supplementary reading
material. Only the language of exposition of the teats was simphfied, remov-
ing double negatives, constructions in passive voice, and clumsy sentences.
As expected, the scholastic performance of students reading simphfied
texts improved significantly. The teacher-pupil mteraction also mproved since
the teachers talked m simpler language. How ever, the most sigmficant finding
was the removal of disparity m the performance of students conung from
different socioccoromic bachgrounds Since the sample of students in this
experiment was farly large, 1t was possible to divide 1t into three categorics,
slum arcas, labour class arca, and low nud*le class arca. Students from these
three arcas normally perform at different levels. However, with the mtroduc-
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Figure 7: Comparative achievernents in science in different
socio-economic school districts for the experiment of
simplifying science text books
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tion of hngustically simphfied versions, this difference m performance 1s
climinated as seen from figure 7 This finding 15 significant since 1t shows that
the school system can overcome some of the barriers arising out of differences
in home background

It is important to cnsure that school students arc not put off by
unnccessarily complex lainguage m their saence textbooks. Evenifit s argued
that poverty 1s the main cause for drop-out at this stage, 1t would be relevant
and usctul to cnsure that other causes such as ‘complex” language are
climmated It would also be important to ¢» anune why teats continue to be
written in such complicated language. It 15 not wilinddy thai part of the
complexity anses from the fact that the material is translated mto local
languages from an Enghsh version

Oral and Literate Modes of Language Behaviour
Linguists have recogmzed at least tw e aspects of language which are relevant
in science education Firstly, it is now reahized that there 1s a difference betw een
what is obscrved or scen, and what 1s mterpretea (see, for example, Scribner

and Cole, 1973 and 1981, and Olson, 1986). When one extends the concept of
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literacy from an ability to encode and decode symbols m the script, to include
coraprehension, one 1s deahng with the hugher shalls of mterpreting texts. It 1s
sigmficant to note that tradinonal curricula do not .ontam any dehberate
programmes to impart these higher skills, for which a learner scems to depend
cssentially on-out-of school inputs, enhancing the mportance of home
background.

The other aspect deals with oral and hiterate modes of language behaviour.
These terms are not to be confused with hteracy. People operating n an oral
mode of language behaviour may be literate m a conventional sense, but are
not equipped to make a muluparameter argument, or to present a logically
connected sequence of events, or to plan a strategy where the choice of each
subsequent move depends upon the outcome of the previous move. In other
words, their language is restricted to the first two stages of development
covering description and single parameter arguments. It is typrcal for a student
in the oral mode to fumble in narrating an episode like,

I wanted to sce the movie. So I went to the city. But I could not get
tickets. Therefore, 1 was disappomted Even so, | am gomg to try agam
this Sunday.

Inabihity of students i an oral mode to join sentences using the right
conjunction seems to be a widespread phenomenon (Gardner, 1980). More-
over, the need to pay attention to non-technical parts of the language m science
texts 1s also a common problem (Gardrer, 1974),

Role of Science in Improving Language

While the miportance of improving language skills for better science education
15 being appreciated, the role science can play m improving language skalls 1s
not yet fully reahzed Science is 1deally suited to present the correct usage of
various conjunctions Science, even clementary science, that can be hnked
casily with daily hfe, can be used to construct simple muluparameter argu-
ments. Obviously, 1t 1s possible to draw students” attention to the fact that
simple statements like, ‘water boils at 100°C" are vahd only conditionally.
Curriculum designers should use this aspect of science sensitively In the old
days the focus was on dassics. Modern trends lghhght science even at the
expense of language What1s needed is a boot-strap approach using saence to
mtraduce pupils to ligher language skills which 1 tuin could be used for
better science education.
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Sunee Klainin

Introduction

Ever since expertmental saience was advocated m the sixteenth century, 1t has
been well accepted that practical or empirical work s the major task of
scientists. Thus, m order to educate cach new generation m science. there 1s a
widespread behief that students should learn science by doing what scienusts
do. This sort of learmng i science. furthermore, 1s seen by most science
educators as hkely to be more eftective because the child 1s involved m pracucal
activitics and takes an active part m the learning procedure. Practical work has
been a pronunest feature of school science teaching from the late nmeteenth
century W hen sctence was established as part of the carriculum of schoohing
a number of countries Once 1t was mtroduced 1t became a part of science
wstruction and though 1ts practice has varied considerably 1t has never been
wholly neglected Jenkins and Whatfield (1974) mn the United Kingdom could.
accordmgly, write with confidence that:

Whatever teaching methods are employed. considerable importance 1s
likely to be attached to laboratory work carried out by puptis
themselves Pracucal work 1s a characterisucally strong feature of
school science teaching 1n the United Kingdom (p. 83)

In the Umied States, laboratory work was recognized as an essential part
of scrence teachimg i the 1880s when Harvard University required laboratory
chenmstry as a prerequusite for adnmssion. This dediston led to a drastic change
m Amcrican school science ceducation. ani laboratory work has been an
accepted part of 1t ever sice.

Although the new sdience curricula m many countries m the 19605 and
1970s put such a lot of ecmphasts on practical activities, surprisingly hetle
rescarch was done e these years on this aspect of the intended learming
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processes Jenkins and Whatfield (1hid.) asked rather rhetorically of the Brinsh
system of education,

an cnormous amount of time and money 1s stll vested in pupil
practical work. On what grounds nught such an investment be
Justified? (p. 85)

The Role of Practical Work in Science Instruction

Although practical work has. for so long, been part of science education 1n
many countrics, 1ts role has changed back aad forth between clucidation and
verification, and investigation to find facts and arrive at principles. In miost
science curricula prior to the 1960s, practcal work had been used primanly as
demonstration or confirmation of the factual and theoretical aspects of the
science course. The new science curricula of the 1960s and the 197Cs set out to
shuft the laboratory excrdise from simply demonstrating or verifying known
information to raising problems, dcveloping enquiry skills, and providing
opportunitics for *discovery’. While practical work had long been used to
provide students with direct experiences of objects, concepts and experimental
procedure, in the new curricula the laboratory was assigned the roles of bemg
an mstrument for the learming of scientific enquiry and for developing
cogmtive abilities m the learner.

These were not entirely new roles for practical work. They had been
introduced in the late mincteenth century when H.E Armstrong mutiated
coquiry nto the teaching of chenustry which became known as ‘heuristc
method’ or the art of making children discover things for themselves. In fact,
discovery learning was advocated long before Armstrong's time. The first
recorded advocate of discovery learning was probably Socrates. For the
cducation of children 1t was made very clear in Rousscau’s Emvle.

Let hum know nothing because you have taught lim, but because he
has learnt 1t for himself (p. 131)

Rousscau’s 1deas were passed on and were formally taken mnto the teaching
and learnmg of science m the late mmeteenth century by persons hike
Armstrong

In Armstrong's heunistic method, the learming process was to become
more attractive and challenging because it aroused curiosity, mterest and
experimentation. The desire to solve the difficulties that present themselves m
the process of experimentation was to be derived from the enthusiasm and the
drive of the learner discoverer The exercises to be included n practical work
thus must be ones for which the answers are not known to the lezrners m
advance Despite 1ts goods mtentions, Armstrong’s heuristic method ganed
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acceptance only slowly It was costiy i ume and did not fit the existing system
of exammatons and therr syllabuses. Further, 1t was too novel for many
teachers to accept ats challenge. Nevertheless, his work did lead to some
changes 1 the mode of science education, m exanunanion syllabuses, and n
science instruction with greater emphasis bemg placed on idividual practical
work Many schools were equipped with laboratorics for practical science and
laboratory classes were almost universal in Britsh sccondary schools by the
carly years of the twenticth century.

Prior to the 1960s the role of practical work i the Umited Kingdom
had moved far away from the heuristic purposes that Armstrong urged for so
long. Practical work v.as almost enurely clucidation and vertfication It was
helped m its swing back to heuristc purposes when Kerr (1963), n hus well
popularized study, suggested thac practical work should be closcly mtegrated
with theoretical work and siould be used for the important contribution 1t can
make to finding facts by investigation, and hence to arriving at principles that
related these facts This modified form, sometimes called *neo-heuristic’ and
known by words such as ‘discovery’, ‘enquiry’ or ‘guided-discovery’, became
a major feature of the several Nufficld science projects

In the United States, Rousscau’s ideas were carried by Dewey into
twenticth-century American educatuon. ‘Learnmg by domg’ 1s the keystone of
Dewey's theory of learming (1951). 'n Dewey's ideal, experience was the only
source of knowledge. This clearly has a very strong implication for science
cducation Indeed, n some places it was translated to mean that the practical
work performed by students was the keystone of science instruction.

How.vdr, science has aiso been seen by many caentists primanly as a
body of knowledge. These scientists saw science only as a matter of sceking the
fa~ts of naturc and of reporting what was found out. The teaching of science
they thus confined to the presentation of the known scienufic facts, laws and
principles with some apphcations. They, and .cience educators like them,
arguced that a substantial amount of this knowledge of science 1s needed before
the learmng of other aspects of science can begm, and saence education
schools has often reflected these views, as students were expected to absorb the
knowledge of science and 1t was assumed that m atself this would be
worthwhile to them.

By 1960, for many concerned with science for learning 1n school, science
was no longer considered simply as a body of knowledge Instead 1t was
regarded as a dynamuc process of enguiry Many saenuists and philosophers of
science education regarded science as a process of thought and acuon, as a
means of acquiring new know ledge and a means of understanding the natural
world (Schwab, 1962, Rutherford and Gardner, 1970, Jenkims and Whutficld,
1974, Tunnicliffe, 1981) For Schwab, for example, the nature of science iself
iIs a process of enquiry. Science 1s a search for cause and effect.
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These ideas were strongly supported by Michels (1962) and Ramsay
(1975) who suggested that the processes of science should be adopted a. the
methods of learnmg saence A consequence of this change 1s that the nature of
saence education becomes not only the acquisition of saenufic know ledge but
also 1t 1s learnmyg the process of scientific enquiry  Indeed, the changes give
both aspects lugh prionty but the sccond gamns a sequentiel preference, since
the teaching of science 1s now based on the belief that the learners learn the
processes of screncd first, and through this learnimg. the facts, the prinaples. the
theories and models of science follow

These 1deas, were, of cource, not suddenly mvented as the science
cducauon profiles of the 1960s began The Sputmik satethte comerded with, and
contributed a spur to, a grow ing recognition that somethig was wrong with
saence education m the Western woorld. An opportumty had come to reform
the purpose and method of science teachmg and hencee for an cuquiry method
to be strongly reconunended.

In order to teach saence as enquiry Schwab (a key contributor m general
and to the BSCS project in brology m particular) suggested that the laboratory
15 castly converted to enquiry by making two changes. Firstly, a substantial
part of the laboratory work ‘1s made to lead rather than lag the classroom phase
of science teaching’. Sceondly, the demonstration function of the laboratory 1s
subordmated to the two other functions, namely, to provide a tangible
experience of some of the problems dealt with m saence and of the difficulty of
acquiring data, and to provide occasions for an invitation to coid! * -t raniatnre
but exemplary programs of enquiry.

With suggestions ke this as their basis, a series of scrence curriculum
development projects was established from 1957 omwards m the United
States, the Umited Kmgdom and a number of other countrics These projects
sct out to change the methods of teachig saence and the role of practical
work. Practical work became an essentral part and. n fact, acquirad a central
role m the meentions of these curricula Laboratories, as m the traditional sense,
were still important but they were to be used m new ways These curniculum
projects, that provided quite new sorts of materials i the 1960s, have had a
worldwide mflucnee. Some Enghish speaking countries or those countries with
English as the mstructional mediam (hke the Philippmes), adopted some of the
USA projects, while others (ihe Malay sta and the West Indies) adopted scence
curricula from the United Kingdom

In a number of non-Enghsh speahing countries hhe Isracl, Braal. Iran,
cte.. some of the Amierican or British project niaternals were translated for use,
but mn the case of some other non-Enghish speaking countries 1in the Third
World. Iike Thatland and some countries in Africa. those materials were not
adopted dircetly or moadapted forms. In Thattand, for examnple, a large-scale
scienee curricuhim project and a new Institate for the Promotion of Teaching
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Science and Technology (IPST) was estabhished to develop new science courses
for usc at all levels of schooling. The project teams 1n carrymg out these tasks
cid, however, borrow ideas and adapt some of the approaches from these
well-known and already tricd projects. Accordingly, the science curricula m
Thailand, that were developed 1n the 1970s and revised late in that decade to
their present forms do have many simlar charactenisucs to these other
curricula In the intentions of these new <iience curriculum projects, the values
of practical work arc often stated as lying in the students’ involvement in
discovery about science and m learning about scienufic method.

Scveral other values have also been assigned to practical work. For
example, Gagné and White (1978) developed a model of the way m
which memory can aid or inhibi: learning. The model describes the 1clations
between nstructional variables and learning outcomes with the learner’s
memory  structure as the termediate. They distinguished several sorts
of memory structure among which are ‘images” and ‘cpisodes’. Whte
(1979) then suggested that these two are particularly relevant to the prob-
lem of making the Jaboratory a more effective context for science learming.
Images are described as figural representations in memory of diagrams,
pictures or scenes, and practical work and science laboratories should pro-
vide many of these. Episodes are the representations in memory of past events
in which the individual was very personally involved and again, practical
work, 1f it is actively engaging the student with science, should be a source
of these.

Johnstone and Wham (1982) used a similar modecl mvolving a memory
hypothesis 1 their designs for science mstruction In practical werk m
chenustry, they idenofied various kinds of information pouring mto the
working memory such as (i) written instru-tion, (1) verbal istruction, (in) new
mampulative skills, and (iv) unfamiliar labelling of reagents. There s also input
trom the long-term memory such as (v) recall of mampulative skills, v)
associations of names and apparatus, and (vu) recall of background theery.
There are also inputs from the experiment itself such as various changes that
are observed, cte All these pieces of information about the practical situation
need to be processed This can be quite confusing, but if, by design, they can be
‘chunked” and formed mto mages and episodes they may thus be bult into
long-term memory In these ways practical work 1s assigned another role,
namely, that of assistmg what Ausubel (1965) described as meaningful
learning,.

A number of other authors have emphasized prioriues for practical work
that are independent of its ink with the learnmg of saentific know ledge. Beaty
and Woolnough (1982) usc 1t to foster attitudes and mterests. Denny and
Chennell (1986) and Hodson (1985) gave similar hsts of four principal
objectives — (i) to stimulate mterest and enjoyment, (1) to teach laboratory
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skills; (i) to teach processes of science, and (1v) to assist m learnmg scienufic
knowledge

Fensham (1984b) argued that the laboratory should be the place where
teachers assist students to put ‘flesh on the bone’ of theorcucal work, and
where a sense of mastery of new and uscful skills 1s achieved. Earher he had
advocated an alternative science curriculum which emphasized the systcmatic
development and mastery of practical skills that are based on scientific
knowledge but which did not place a priority on learming ¢his knowledge since
it has been such a barrier to extending science education to a wide spectrum of
icarners (Fensham, 1981). His argument is that practical skills in science
education should be recogmzed as important in their ow nnight. Practical work
is not only useful and essential for the teaching of science in schools that aim to
train students to become scientists or techmicians. Nor is it simply a helpful
context to assist concept learning or to develop attitudes and interests It
should be scen as the means whereby pracuical skills that are uscful in the real
world of an increasingly technical society aze learnt. Students, whether they go
on to further study of science or whether they do not, should get from the
practical experiences of their science education, skills and hands-on confidence
that will be useful i their future lives as citizens,

Dilemmas of Practical Woirk

The rescarch findings on laboratory learning m science education, even m
situations where it 15 commonplace, are surprismgly disappomung. As a mediam
for learning cogniive knowledge, or even for mastering psychomotcr skills,
the evidence for the effectiveness of the time in the laboratory 1s not very good.
Schools n many countnies do, however, sustam a behief m practical work 1n
science and continue to allocate time and considerable resources to i, A
number of problems scem to be commonplace and these, no doubt, contribute
to its incffectiveness. They fall under two broad headings, problems of
unplementation and of mcentive,

Problems of Implementation

Practical work for school scence dlasses 1s very expensive m moncy, and time
and human resources. To mtroduce such expensive experiences mto school
curricula 15 not simple and there are many problems. This  discussion
of these problems will focus partcularly on the Third World countries
although some of them are also evident i 2 number of more des cloped
countrics.
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Lack of equipment

Third World countries have not been reluctant in desigmug therr science
curricula to accept the challenge of using practical-based approaches to sctence
learmng. However, many problems then arise. How can equipment be
obtained? Can the teachers make use of 1t? How can 1t be mamntained? How can
it be stored” How can a large class experience activity when only one set of
equipment (or a few sets) are available? These are just some of the problems
which can turn the mtentions of practical-based learning and tcaching mto
frustrating dilemmas for the science teachers in schools. The result may be
worse than a course which had not assumed practical-based learmng as a
central feature.

In a number of Third World countrics, attempts have been made to
introduce so-called ‘low-cost equipment’ for use in schools and two mam ways
have been used. One is equipment made and distributed by a national centre,
like the equipment made by IPST n Thailand The second w ay ought perhaps
to be called ‘no-cost” equipment since it does assume costs or supply from a
central source The equipment is to be made by teachers m their own schools or
with the aid of local craftsmen and women. The UNESCO Serrce Book Sor
Science Teaching 1s designed for this second way and includes suggestions and
plans for producing simple cquipment from locally available materials.

In spite of these two approaches, the problems are not solved many
situattons and, mdced, low-cost equipment has presented 1ts own problems.
There are differential problems of transportation for cquipment made by a
centre. Teacher-made equipment does not overcome these locational effects
because some of the suggested raw materals do no. exist in some places
Teachers also often have such heavy teaching loads that they cannot spare tune
for making such equipment even when they have the skills or local contacts.

Some of the centrally designed low-cost equipment has not been robust
enough for use by teachers m the range of teachmg contexts they face. Some of
it functions so crudely that the data 1t gives have serious hnutations for
developing the concepts and skills for which 1t is intended. In these cascs,
low-cost equipment may indeed mean ‘low learming’! Most low -cost cquip-
ment does not stay in use for very long because there are no mechanisms for its
maintenance.

There are also other problems m getting teachers to use this sort of
equipment Most of the teachers who graduated from college and umversity
are fanuliar with standard cquipment Accordingly therr attitudes and expee-
tations about practical work in science are associated with such cquipment and
these are a barrier to ther use of the low-cost alternatives. Even with
enthusiasm for these alternatives, they need new skills to make use of them.
IPST has conducted extensive m-cervice trammg courses that amm to tram
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teachers for these speafic skalls. How ever, this does not seem to have happened
m many countrics so that tcachers arc unable to usc cven the low-cost
cquipment with which they may be supphed or to handle in class the sorts of
experimental results that anse from 1ts use (Ratnaike, 1987).

Time constunmng

Practical work requires time. Schools 1n general often have a fixed umetable for
cach subject which does not rccogmze this particular feature of saence
education. (This problem 1s common in the USA also.) Teachers fect com-
mutted to use the ime available in effective ways that cnable them ‘to finish the
course” For muany teachers i Third World countries the emphasis of the
exanumnations 1s on the factual and theoretical knowledge of science and to
sparc time on practical work scems to be a luxury. As Ausubel (1965) was able
to say about the very different context of North American schools:

They (students) wasted many valuable hours collecting empirical data
= of to exemphfy prinaiples which the teacher could have presented
visually in matter of minutes. (p. 262)

When there 1s a sense of pressure from w hat seems hike more topics to be
covesed than there is class time, and when many students do not have access to
textbooks as sources for extra learmng of the science knowledge requured,
teachers find the tune aspect of practical work does pose a very real dilemma.
Accordingly, to cover the course and to keep faith wath a behef in practical
work m sacence, the teacher may do a demonstration or even lecture about
practical results mstead of attempting to cngage the students in practical
activities themselves.

Sdf(’f)’

Laboratories to accommodate practical work for large classes need to be
orderly and safe Most of the classes m Third World countries are large. In
Thailand, for example, the average number of students 1s forty to forty-five.
Nevertheless, teachers i that country have been trying to do ther best to have
practical work done by students m small groups m class. This has, of course,
presented a lot of problems for the teachers, and they can casily end up
stoppmg the practical work simply because the class 1s out of control.

Degree of pupil participanion

Even i diveloped countries, practical work m schools 15 usually conducted
with the students i small groups of two or three There are many logistical
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reasons for this such as the amount of equipnient available, the number of
scrvice pomts in a school laboratory, and the 1elative cconomy of matenals
consumed This arrangement of practical classes 15 also argued for on
pedagogical grounds, since students can help cach other, and che small groups
can provide the teacher with a manageable number of interactive exchanges for
advice and discussion during a practical session.

Relatively little research has been directed to the learming effectiveness of
the small group arrangement for practical work, but there 1s evidence that the
arrangement 1s one of the features of pracaical work m science that contributes
to students’ positive attitudes. Although undoubtedly there s a degree of
positive peer-peer instruction about the immediate practical procedures that
are involved in handling equipment. more systematic studies of the cogmuve
interchanges betw cen members of small groups are not encouraging about the
extent and the equahty of peer-peer learning. There 1s often a dominant or
confident member who tends to be the regular handler of equipment while the
others act as passive note takers or mere attendants, mtermittently observing.
The outcome of these uneven patterns of participation 1s very differential
learming (Suan, 1976).

Klainm (1984) in a recent study in Thailand, where semor secondary
students work mn groups of three in the laboratory, obtained striking evidence
of a phenomenon all too familiar to those who have been insecure m
laboratories at schooi or at umversity. When she tested the groups on their
ability to carry out a practical task they had learnt carlier n the year, about 80
per cent of the groups were successful, but a httle later, as individuals, only
about 20 per cent were able to carry out the task correctly! Achievement mn a
group does not ensure internahzation of this learning by all its nzembers.

These sorts of findngs again posc dilemmas about practical work and
especnally 1f scicnce education is to be extended to more of each age cohort of
learners More practical learning is needed yet small group orgamzation which
provides realistic cost savings docs not scem to lead to cffecuve learning for all.
One alternative that scems to be worthy of exploration 1s the large group
practical project With only onc or a few groups, the teacher an, over time,
cnsure that all the learners do take turns at critical tasks and hisfher more
extended presence with the larger group may provide cooperative learmng that
is more effective than present small group approaches

Change of emphasts n school curriculum

Science subjects were given an important priority i many Third World
countries during the 1970s. From 1980 onwards prionity and emphasts have
been moving to language and mathematics, especrally i primary education.
This trend can be scen in Vietnam, Burma, Indonesia, Malaysia, Philippines,
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Nepal and also m Thaland as a sense of national identity becomes more
g ortant and the role of language and the school i this identity 1s recogmzed
In the case of Thailland, science m primary schooling 1s a part of the so-called
‘Life Experience course” which mcludes soaal science, humanities, cte. Thus,
the nature of science m this subject 1s dominated by the natare of other subjects
which are non-practically-based.

Problems of Incentive

Incentive 15 another important factor that causes dilemmuas about practical
work. Different groups m schools and the education system hold very different
values for 1t, and consequently there 1s conflict over the rewards for e,
espeaially between different levels of the education system.

Value of practical work held by students and by teachers and curriculum
developers.

The values of practical work described carhier are in general recognized but not
with equal weight by curriculum dev elopers, saence educators and teachers. It
15, however, important to consider how students recogmze the value of
practical work and how they pe-rewve practical work affecting their learmng,

Reports of the agreement between students and teachers on the value of
practical work arc inconsistent For example, the study b Denny and
Chennell (1986) found that the curriculum developers and science teachers
suggested that the value of science practical work hies n *discovery, in learning
about saientific method, and m acquiring strategies for problem solving ete
but the students saw 1t as providmg concrete experence and empiriaal testing
of 1dcas for themselves as ‘students’ not as saentists Klamin (1984) reported
that students and teachers in Thailand agreed that pracnical work in chemistry
was ‘assisting concept learmmng’, but the former also associated time
laboratory with their enjoyment, *a chance to relax’, and ‘a welcome break
from the heavily loaded chenustry class”

Many studics have reported that students sce tume 1 laboratory as
contributing positively to their enjoyment of science, but they do not assocate
it with morce academic learnmg. Johnstone and Wham (1982) in Scotland noted
that ‘pupils emjoy practical work, pich up hand skills with varymng degree of
proficiency, bat learn httle of the theorencal inforiuaucn which practical work
15 alleged to illustrate or to ymuate’.

Tan (1980) m Malaysian schools (where the Brinsh Nufheld science
courses were adopted tor use m the 1970s), found that practical work always
ended by students writing reports that did not include a discussion of the
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empirical aspects of thar findings or stiggestions about the pracucal mvesu-
gation. Presumably, such aspects were not valued or rew arded by therr teachers
and hence would not be seen as important by students.

Klaimin, Fensham and West (1988). in thear study of physics learming n
Thailand. were also able to differentiate features of what was learnt by the
students when solving practical problems m physics. They foand that the
students m general had acquired considerable degrees of proficiency m
planning to solve the problem, in executing these plans and in making and
recording their observations. They scored, how ever, very low m the ability to
‘draw conclustons from the experimental data’ This study suggests that
students can learn i practical work those aspeces that they percave as
important anud which may have been stressed and rewarded by their teachers.
Other aspects which are scen as mmportant by the science educators or
curriculum devciopers are not learnt.

Lack of reward for the learners

The lack of rewards gamed by students for practical work 15 a major deterrent
to learning in 1t and from it. The immediate mterest of students 1s the good
results in the exammation that publicly (within the school or more widely n
the education system) acknow ledges the extent of their learning. Teachers also
have a commitment to prepare students for the requiretuents of these examim-
ations.

Although the dictum ‘Exams are powerful agents for good and evil
teaching’ was quoted by Mathews (1984) m relation to science education, n
the ficld of practical work 1t is well documented that the role of the
examination has very often been neglected. Despite the fact that curriculum
cvaluators often claim to base their work on the objectives of a course and
design mstruments that reflect these objectives, 1t appears that the objectives
about the practical work in science courses have usually been overlooked.
Many science educators have urged for years for practical exammations. For
example, Klopfer (1971) suggested that any cvaluaton of a science course
should include the practical skills it cmbodies. A decade later a group of Third
World science educators at the South East Astan Regional Workshop of
UNESCO (1982) were still recommending that practical work should be
assessed.

Unfortunatcly, the practical examination proves to be most difficult
operation at both its macro and micro levels Thus, 1t has usually been left out
of the test battery For example, the IEA first science study tried to include a
practical test in its Science Achievement Battery (Comber and Keeves, 1973).
but the test was hardly used m the participating countrics except Japan
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(Koyuma, 1974) and Isracl A decade later, Tanur (1984) expressed regret that
although a range of practical tests was developed and offered for the second
IEA study most countrics again chose not to use then.

Conflict benween two systemy of education

It 1s not only 1 the normal processes of teaching and learming but also m the
critical processes of educational sclection that practical work has been 1gnored,
Particularly critical in this regard are the upper sccondary courses which, at the
end of schooling, become the sclection mterface for contimued study m
university and other institutions of igher education. Science subjects | ave
particular importance at this interface because science-based facultics of
umversitics in most countries do make assumpuions that students will have
acquired quite detaled knowledge from these subjects m school. Almost
mvariably, however, it is the students’ abilitics m answering only certan sorts
of cogmitive questions from the total range of knowledge, skills, and attitudes
these scicnee curricula set out to foster that determme whether or not they wall
be sclected mto umversity to continue their ambitions as learners.

There 1s thus a potential for conthet between the learning mtentions of
»chool science curricula and those that are 1ewarded by umversites through
their sclection procedures. Fensham (1980) found that the effects of this confhet
on the curricula for physics and chenustry m Australan schools were quite
different from what they were for biology and that the umversities do not
make the same sorts of prior knowledge assumptions (as evidenced by the
written exanunations used for sclection) about school learning of biology that
they do for the other two sciences. Fensh. m (198+4a) has analyzed the content
of chenustry exanmnations in the UK and m Austraha to provide more
evidence of the hmited range of learning objectives that these powecrful systems
reward and hence, declare o students and teachers as being of worth,

The lack of congruence about the values of various sorts of learming
between the two systems of education can result in a change in the emphasis of
practical work, both i terms of 1ts role and 1ts practice. Denny and Chennell
(1986) demonstrated that in the carly years of secondary schooling students
regard practical work as “investigatory-discovery orinted’ whereas the
students of the later years who are on the exannnation track regard 1t as
confirmatory of the theory™. A teacher m their study stated,

From ycar IV onwards, with exammation syllabuses dommating the
work, practicals are used to a great extent to verity and consolidate m a
much more formal and overt way ideas already presented by the
teacher. (p. 331)

Lynch and Ndyctabura (1984) reported sumlar shafts w hereby students’
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Figure 1: The plots student’s scores on problem solving test
and its subscales
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positive response to affective components of practical work w as high at year 9
but low at year 12 while their response to cogmitive components was in the
reverse direction.

In Thailand, where a practical examination ts non-existent m both the
schools’” examination syllabus and in the university selection system, 1t was
found that chemistry teachers in the 10th and 11th grades cluded a
substantial amount of practical experience (about 40 per cent of total class
tune). This was, however, reduced in grade 12 which s the final year of upper
sccondary schooling in Thailand although the intended curriculum 1s just as
practically based (Klainin, 1984).

Klainin and Fensham (1987) and Klainin, Fensham and West (1988) in two
studics that looked at students’ learning in chemustry and physics mncluded
measures of the following aspects of practical work — manipulative skills
(with sub-scales for planning, cxecuting, observing and recording, concluding
and report writing), scientific attitudes, and preference for laboratory experi-
ments as the source of evidence in science. The results revealed that the
students’ learning in these practical outcomes, n general, do develop in the first
two years of upper sccondary schooling, but that as the pupils mov. up to
grade 12, these ourromes cither remain constant or show a considerable
decrease. These findings are iltustrated i figure 1

The students in the first two years seem to be more responsive to the value
the curniculum ratends for the school system, but m the third year they become
responsive to the university values that are evident in the public exaninations
used to sclect Ltudents to enter the umversities and which usually are based
only on mnore theoretical aspects of science learning.

As a result, students and their teachers come to devalue science pracucal
work. At best, they see it as confirmation or clucidation of the important
factual and theoretical parts of the « urse

Resolution — A Way Forward

In science cducation, or any other exphcitly purposcful education, the objec-
tives can be mmportant in guiding and orgamzing the learnmg activities and
they should be the grounds for an cvaluation of its effectiv eness. Furthermore,
1t 1s quite widely accepted that evidence should be made available to the
learners to indicate whether or not they are achieving the objectives or goals of
acourse Direct assessment is a powerful tool that can provide such evidence
and that can gurde the direction of the teaching and learring process. The
assessment of pr. ctical work in many of the new science curricula of the 1960s
and 1970s was not sustamed and 1t became a neglected arca within science
education (Hofstein and Lunctta, 1982). There 1s, thus, hetle from souvnd
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rescarch mto those curricula with which to encourage school systems and
science teachers who would like to introduce this essential aspect of pracacal
work as learming into their science classrooms. Few ready means were
developed for teachers to feed back information to provide an incenuve for
students to take their ume in practical classes seriously.

A major contribution to the resolution of the diletimas that practical work
raises for science education would thus be better understanding and wide-
spread use of practical assessment as a regular part of science teaching and
learning

What to Assess

If it 1s agreed that practical assessment should be done, there 1s still a problem
about what should be assessed and the criteria that should apply. The lack of
widespread agreement on the definition of the skills comporients of practical
work 1s, of coursc, one of the reasons for the fatlure of practical assessment to
occur in classrooms or for that matter as part of the final examinations system
I many countries, although the overt reasons given may be more mundane
and logistical.

Only in the last decade or so has some hght been cast on these aspects of
the assessment of practical work. Hofstem eral. (1976) suggested three
domains of practical work — (i) skill i the performance of routne laboratory
tasks; (1)) ability to make obscrvations, and (ii1) problem solving abihty. The
first two domains were fanuliar m the science curriculum projects but the third
domain of problem solving ability via practical work was a ncw emphasis.
Ben-Zvi et al (1977) saw successtul practical work as involving four phases. —
(1) planning and desigming of mvestigations, (i) performauce of experiment,
(iti) obscrvation of particular phenomena; and (v) analysis, application and
explanation. In their view these four phases (components of Hofstem et al. s
third domain) are not only sequential but also hicrarchical. In practice not all
the phases are mvolved in every picce of practical work, but spectfication of the
phasc involved and 1ts subcomponents can make 1ts purpose dear to the
students, and 1ts assessment possible with rchabihity and vahdity.

At IPST (1977) the process of problem solving was sinularly described n
four phases — (1) sceing problems and planming to tackle them; (1) collecting
data, (jii) obscrving phenomena to find regularities; and (iv) processing data,
mterpreting them and drawing conclusions to answer the problem. Klamin
(1984), in her evaluation of the Tha chenustry curriculum, accordingly
identified the major tasks of problem sohving as planming and desigmng of the
mvestigation, manipulating cquipment and cxecuting the experiment, obsery-
ing and recording the experimental outcomes, analyzing and mterpreting data
and drawmg conclusions from them and writmg up a report.
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in the arca of mampulative skills, Eglen and Kempa (1974) developed a
practical test to use with stud:ats in the sixth-form chenustry course
England Its operations covered the four categorics of experimental techniques,
sequence of procedure, manual dexterity and orderliness.

Kempa and Ward (1975) pointed out that obscrving chemical phenomena
1s an important part of the process of chemical enquiry conducted n the
laboratory, but its dircct teaching and assessment of its skills are often
neglected They suggested several simple test tube experiments to test these
skills. These include changes in colour, in the formation or disappearance of
solids, 1n the liberation of gascs, and i temperature resulung from evolution or
absorption of heat during reaction.

This pioncering work of Kempa and his associates provided science
educators, curriculum developers and tcachers with detailed information of
what practical work and thus, practical assessnient could or should be. It
offers a basis whereby teachers and evaluators in developing science tcaching
and courses can have definite strategics to encourage learning and to assess it
(sce Kempa, '1986).

More recently, other criteria for the assessment of practical work have
been suggested and put to usc For example, 1n Scotland eight categorics of
skill — obscrvational, recording, measurement, mampalative, procedure.
following nstructions, inference and selection of procedures are used (Bryce
et al., 1985).

In Britain, a national monitoring programme, the Assessment of Perfor-
mance Unit (APU), was sct up 1in 1974 (Departinent of Education and Science,
1982) The science part of this prograime is responsible for the development
and administration of tests that are used i the survey of children’s scientific
development. In this momtoring framework. science is scen as a mode of
thought and activity and the tests thus cover using symbolic representation,
using apparatus and/or measuring instruments, using observations, interpreta-
tion and application, design of investigations, and performing investigations.
In practice. for the sccond, third and last of these broad categories there are
now well-developed practical tests while for the other three the tests are
written. The skills that APU include in “using apparatus and measuring
imstruments” are basic mampulauve skills, the use of a carcful and orderly
mcthod of observing and recording events, and an understanding of measure-
ment concepts The ability and willingness to follow nstructions with an
appropriate degree of mitiative and caution 1s also required.

The assessment of practical work is, i fact, not new i science classes, but
a very commonly-used procedure was based on written evidence. namely.
written reports or items about practical work on paper and penail tests.
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Hanson (1982) argued that grades based on student laboratory reports penahze
dehinquent students but do not dufferentiate among good students. The paper
and pencil test can only assess the practical work not the actual perform-
ance outcomes. Many rescarch studies have found that this type of test has
low correlation to peactical skills (for example, Ben-Zvi et al., 1977; Kreiger,
1982). Kruglak (1955) and his associates concluded from their attempts to
develop paper and pencil tests that were equivalent to performance tests, that
the paper and pencil t2sts were at best only crude approximmations to the evalu-
ation of the unique abilities to deal with laboratory matenial and apparatus.
Similar more recent studies by Hearle (1974) and Krager (1982) reached
the same conclusion about the hmitation of the written test as a test of know-
ledge about the laboratory work, but these authors also reported that some
high performing students actually did badly on the written tests The
assessment of practical work must, if 1t 1s to have vahdity, be done by practical
tests

Hofstein and Giddings (1980) have suggested that practical tests can be
donc occasionaliy or contmuously by teachers (throughout a course of study)
and the latter procedure was recommended by UNESCO (1982). Teachers’
contmuous assessment 1s the more common practice m the Umted Kingdom
where it was mtroduced because a practical examination on perhaps only one
occasion was not scen as sufficient to assess practical work. Furthermore,
continuous assessment overconies the design and logistical problems of
ensuring a common and fair smgle testing event. Three schemes for scoring a
practical test by an observer m the laboratory were suggested by Eglen and
Kempa (1974) as alternative ways to put continuous assessment into operation
— (1) an open-ended schedule i which assessment is done subjectively, (1) an
mtermeduate schedule which 1s siular to the open-ended except that it does
provide scparate assessments for cach four categories of skalls that have been
defined as part of the task, and (i) a check-hst schedule which requires the
assessment of students’ performances to be made according to a checklist of
detailed performance pomts and achievement criteria (expressed m the form of
askmg for ‘yes’ or ‘no’ answers).

Conclusion

Onc of the distnctive features of science 1s the diversity of its range of practical
activities, In science education practical worh has also been assigned a
multitude of roles, not always dearly defined and certamly not supported m
practicc  Nevertheless, curriculum movements m most countries, both
developed and developmg, have adknowledged the importance of pracucal
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work i school science learming. Effective use of the opporteaity this acknow I-
edgement of practical work presents 1s tself fraught with many problems.
However, a key 1ssue is the lack of clear rewards from the school and wider
cducational system for students to take practical work m saience senously. This
has created conflict for students and dilemmas for teachers

Assessmenit of the practical work of learners 1s seen as a means of reducing
this conflict and resolving these dilemmas. Ways and means for domg tlus are
now available and thetr implementation as a regular part of science education 1s
a very worthwhile direction for 1t to wke.
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Avi Hofstein

While reading a testbook of chemustry, 1 came upon the statement,
‘mtric actd acts upon copper’ .. and I deternmined to see what this
meant. Having located some mtric acid. ... I had only to learn what the
words ‘act upon’ meant ... In the mterest of knowledge I was even
willing to sacrifice one of the few copper cents then in my possession. 1
put onc of them on the table; opened the bottle marked mtric acid’,
poured some of the hquid on the copper, and prepared to make an
obscrvation. But what was this wonderful thing which I beheld? The
cent was alrcady changed, and it was no small change cither A
greenish blue liquid foamed and fumed over the cent and the table.
The air ... became colored dark red. .. How could I'stop this? I eried ...
by picking up the cent and throwmg 1t out the window .. I learned
another fact; mitric aaid . . acts upon fingers. The pam led to another
unpremeditated expertment. I drew my fingers across my trousers and
discovered nitric acid acts upon trousers. . That was the most
impressive experiment [ have ever performed. T tell of it even now
with mterest It was a revelation to me. Plainly the only way to learn
about such remarkable kinds of action is to sce the results, to
experiment, to work m a laboratory (Ira Remsen, 1846-1927, m
Gutman, 1940)

Introduction

The laboratory has long been given a central and distinctinve role m science
cducation. It has been used to nvolve students with co wrete experienees with
concepts and objects Since the end of the nmeteenth century, w hen schools
began to teach scaence systematically, the laboratory became a distinetive
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feature of science education. After the First World War, with the rapid increase
of scientific knowledge, the laboratory was used as a means for confirmation
and illustration of information learned previously m a lecture or from a
textbook.

The role of the laboratory accordmng to Romey (1968) in the years
1918-1960 is illustrated in figure 1. With the reform 1 science education in
the 1960s practical work 1n science cducation was used in order to engage
students with investigations, discoveries, inquiry and problem solving
activittes. In other words, the laboratory became the center of science
instruction (figurv 2). In 1969 Ramsey and Howe wrote:

That the exp :rience possible for students m the laboratory situation
should be an integral part of any science course has come to have a
wide acceptance in science teaching. What the best kinds of experi-
ences are, however, and how these may be blended with more
conventional classwork; has not been objectively evaluated to the
extent that clear direction based on rescarch is available for teachers.
(p. 75).

Unfortunately, the question posed by Ramsey and Howe 1n 1969 are stll n
existence in the 1980s.

In 1978 i the GIREP conference that was devoted to the role ¢f the
laboratory in physics education, Ogborn (1978) claimed that, “Two of the most
central questions cuncerning laboratory work are quite simply, why? and how?
What should it be for and how can those aims be brought about in reality?
(p- 3)-

In a comprehensive review of the role of the laboratory in science
teaching, Hofstein and Lunctta (1982} claimed that ‘to date the case for the
laboratory in scicnce instruction is not self evident as it once scemed’. One of
the reasons for this skepticism 1s the failure of research studies to provide clear
evidence and support for laboratoiy work as an effective medium for science
learning.

The main objectves of this chapter are:

(i)  to review and redefine the goals for teaching and learnmng in the
science laboratory;

(i) to review the teaching practices used m the science laboratories and
to suggest new practices to be tried in the future;

(iii) to suggest learning experiences m the science laboratory that will be
meaningful and effecuve to different student populations.

For the purpose of this chapter, laboratory activities are defined as
contrived learning experiences, in which students interact with materials to
observe phenomena. The contrived experiences may have differene levels of
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Figure 1: Role of laboratory: 1918-1960
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structure specified by the teacher or laboratory handbook, and they may
include phases of planmmg and design, analysis and mrerpretation and apphi-
cation as well as the central performance phase. Laboratory activinies usually
arc perforred by students individually or i simall groups, and the defimtion
does not mclude large-group demonstrations. science muscum visits or ficld
trips.

Goals of Laboratory Work

Review Qf Goals

The history of laboratory work as an integral part of school science learming
has roots in the nineteenth century. In 1892 Griffin wrote:

The laboratory has won its place m school, 1ts introduction has proved
successful. It1s designed to revolutiomize education. Pupils will go out
from our laboratories able to see and do (cited by Rosen, 1954). In the
years following 1910, the progressive education movement had a
major impact on the nature of science teaching m general, and on the
role of laboitory work in particular. John Dewey. leader of the
progressive  cducanon  movement, advocated  an  nvestigative
approach and ‘learning by domg’. (Rosen, 1954)

During this period. textbooks and laboratory manuals began to acquire a more
applicd, utithtanan orientation. Nevertheless, even wlile the progressive
cducation was gaiing momentum, debate about the proper role of laboratory
work also was developing. The arguments raised agamst extensive student
laboratory activities mcluded.

(1) few teachers in secondary schools are competent to use the labora-
tory cffectively:

(11)  too much cmphasis o laboratory activity leads to a narrow concep-
tion of scicnce:

(m) too many expermments perforned i secondary schools are trivial;
and .

(1v) laboratory work m schools 15 often remote from. and uneelated to,
the capabihties and interests of the children.

Followmg the First World War, laboratory activitics camie to be used largely
for confirmmg and 1llustrating mformation learned from the teacher or the
textbook. This orientation remamed rddatively unchanged unul the ‘new’
science curricula of the 1960s, whuch resulted moseveral new meentions for the
role of laboratory work. In ‘the new curricula which stiess the processes of
scaence and emphasize the development of hugher cogmtive shalls, the labora-
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tory acquired a central role, not just as a place for demonstration and
confirmation, but as the core of the science learning process’ (Shulman and
Tamir, 1973, p 1119) Contemporary science educators (for exampie, Schwab,
1962; Hurd, 1969; Lunctta and Tanmur, 1979) have expressed the view that
the uniqueness of the laboratory lies principally in providing students with
opportunitics to cngage 1n processes of investigation and inquiry. According to
Ausubel (1968), ‘the laborarory gives the students appreciation of the spirit and
method of science, . promotes problem-solving, analytic and generalization
ability, ... provides students with some understanding of the nature of science’
(p. 345).

In a review of the literature on the place of practical work, Shulman and
Tamir (1973) proposed a classification of goals for laboratory instruction n
science education:

(1) to arouse and maimtain mterest, attitude, sansfaction, opennunded-
ness and curicsity in science;

(1)  to develop creative hinking and problem solving ability;

(in) to promote aspects of scientific thinking and the scientific method
(c.g , formulating hypotheses and making assumptions);

(1v) to develop conceptual understanding and 1ntellectual abihty; and

(v) to develop pracucal abilities (for example, designing and executing
mvestigations, observations, recording data, and analyzing and
interpreting resulis).

Lunetta and Hofstein (1980) suggested a way of orgamzing the goals for
science teaching that have been used over the years to justify the unportance of
laboratory teaching These goals are grouped in cognitive, practical, and
affective domains (table 1)

Table 1 Goals of laboratory activity

Do nain Goal

Cognitive  Promote intellectual development
Enhance the learning of scientific concepts
Develop problem-solving skills
Develop creative thinking
Increase understonding of science and suientfic method

Practical Develop skills in performing science investigations
Develop skills in analyzing investgative data
Develop skills In communication
Develop skills in working with others

Affective Enhance attitudes toward science
Promote positive perceptions of one's ability to understand and to attect one s
environment
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Are These Goals Attained?

Many rescarch studies have been conducted to mvesugate the educational
cffectivencss of laboratory work m saience educanon mn facihtaung the
attainment of these sorts of goals These studies were extensively reviewed and
analyzed by Bates (1978) and by Blosser (1981).

A number of these studies compared the effects of different methods of
practical work in the laboratory with other instructional methods It 1s beyond
the scope of this chapter to describe agamn all these studies but 1t 1s worthw hile
to mention a few For example, Coulter (1966) compared inductive laboratory
experiments with inductive demonstrations in high school biology, Yager ¢t al.
(1969) compared three groups, namely, a ‘laboratory group’, a ‘demonstration
group’ and a *discussion group’ in biology, Lunctta (1974) compared a control
group to a computer-simulation group in physics; and Ben-Zvi et al. (1976a)
compared a laboratory group to a group wviewing filmed experiments m
chemistry. These research studies have shown no sigmficant differences
between the instructional methods as measured by standard paper-and-pencil
tests in student achievement, attitude, critical thinking, understanding of the
nature of science and in knowledge of the processes of science. Not surpris-
ingly, the one arca i which the laboratory approach showed measurable
advantage over other modes of instruction was m the development of
laboratory manipulative skills.

Bates (1978) wrote that by reviewmg the hterature he came to the
following tentative conclusions:

1 Lecture, demonstration, and laboratory teaching methods appear
cqually effective in transmitting science content.

2 Laboratory experiences are superior for providing students with
skills in working with equipment.

3 Although most rescarch has failed to assess outcomes that might be
specific to the laboratory, meaningful laboratory measures can be
developed; and the laboratory does appear to represent a signif-
icantly different area of science learning from content acquisition.

4 Some kinds of inquiry-oriented laboratory activities appear better
than lecture/demonstration or venfication labs for teaching the
process of inquiry However, teachers need to be skilled 1n inquiry
teaching methods. Specific inquiry trainmg should be provided for
students over extended periods, since students need both ime and
guidance to become comfortable with the new methods and
expectations.

5 Laboratories appear to have potential for nurturing positive
student attitudes and for providing a wider varicty of students
with opportuntties to be successful in science.
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6 Recent and contmuing rescarch on the role of science teaching for
nurturing cognitive development may, m the relauvely near future,
provide important new sccnce teaching strategies in which
properly designed laboratory activitics will have a central role.

On the bases of these conclusions he clanmed that. “Teachers who believe that
the laboratory accomplishes something special for their students would do well
to consider carcfully what those outcomes might be, and then to find ways to
measure them.” He calls for a ‘systematic inquiry (of the laboratory 1ssuc). For
the answer has not yet been conclusively found. What does the laboratory
accomplish that could not be accomplished as well by less expensive and less
time-consuming alternatives?”’

Critical Review of Past Research

The reviews by Bates (1978) and Blosser (1981) should be considered with
great care especially 1n times m which the case for the laboratory in science
instruction 1s not as sclf-cvident as it once seemed. In somce countries (for
example, the USA) science laboratory requirements have been of special
concern to some science cducators because of a trend to retreat from
student-centred science activities resulting in less time and therefore experience
in the science laboratory (Gardner, 1979; and Beasley, 1978).

Hofstein and Lunetta (1982) claim that one of the reasons for this retreat is
the failure of cducational rescarch to support the educational effectivencess of
laboratory instruction. They w rote. ‘Past research studies generally examined a
relatively narrow band of laboratory skills and the conclusions that were
drawn may apply to a narrow range of teaching t:. hniques, tcacher and
students characteristics and learning outcomes’ (p. 204).

More specifically, they argued that many rescarch studies suffered from a
number of particular weaknesses.

U Selection and control of variables: Rescarchers failed to examine or report
important variables descriptive of student abilities and attitudes. Generally,
they failed to note the kind of prior laboratory experience that most students
involved 1n the studies almost certainly had had. Not enough attention was
given to control over extrancous factors, such as instruction outside the
laboratory while the rescarch study was conducted.

2 Group size: Researchers used comparatively small groups. Further-
more, student samples were of limited diversity and most of the rescarch
studies did not examune the effect of different subsets of the population (for
cxample, less able or more able students, sce the review by Belanger, 1971).

3 Instrumentation: Rescarchers in science cducation were often more
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concerned with the aature of the treatment than wath the valdity of the
mstruments used to measure outcomes 1n their studies

Welch (1971) noted that in thirty rescarch reports concermng nstructional
procedures (including laboratory mstruction), no conncction betw een mstruc-
tional procedure and the test chosen to measure the effect was made.

Another critictsm concermng the instrumentation relates to the dea that if
the laboratory is a umque mode of mstruction 1n science education, 1t needs a
unique mode of assessment (Tamir, 1972). Therefore it 1s desirable to develop
more sensitive evaluation mstruments that will provide rchable and valid
information about what the student does in the laboratory and about hisfher
ability in laboratory-related skills.

Dilemma I: Why Laboratory Work in School Science? Goals
That Could Be Attained by Laboratory Work

The mam question posed in this section 1s°

What are some of the special contributions of laboratory work m the
context of science learning?

Woolnough and Allsop (1985) in the UK have recently argued that one
reason for the fallure of many science courses 1s the attempt to use practical
laboratory work for goals such as teaching theoretical concepts to which 1t 1s 1l
sutted, mstead of focussing on those hke the development of basic process
skills, a feel for natural phenomena and problem solving skills.

Cogmtive Goals

Intellectual development

Instructional programs i science have over the past decade been mfluenced by
the developmental theory of Jean Piaget. Many students i introductory
science courses, it 1s argued, have not developed the capaaty for ‘formal’
thinking that the abstract content of these courses requires n ats learming.
Providing them with opportumties to mampulate relevant materials ought to
enhance their capaaty for logical thought. Active mvolvement with materals
in science laboratory activity has thus served as a basis for science learnmg and
logical development in a number of contemporary curriculum projects such as
ASEP in Australia, Science 5-13 i Great Britain, and the Science Curriculum
Improvement Study in the United States. Research studies have indicated that
many activities developed by these curticulum: projects are effecive with
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younger children who are described, in terms of this theory. as at a concrete
operational stage of development.

Sohd, data-based evidence for this sort of Pragetian assertion with older
students 1s more difficult to acquire. Few comprehensive studies have been
conducted on strategies for facilitaing the logical development of such
students. One study by Fix and Renner (1979) showed that student scores on
ACT tests were significantly mmproved as a result of lab-centred science
experniences, that were based on Praget’s learning model and on the related
learming cycle developed bv Karplus (1977). There 1s reason to assert that
laborator: experiences may promote formal reasoning abihties but far more
mformation 15 needed before definitive statements of this relationship can be
made,

Creative thiking and problem solving

If onc agrees that promoting creative thinking and problem solving skills are
important goals of science teaching, then the student must engage in activities
that will enhance the development of these skills. Rescarch studies with
students as diverse as 5th grade (Penick, 1976) and first-year college (Hull,
1976) have shown that for some students, involvement in open-ended,
process-onented activities  has  enhanced creative thinking.  Laboratory
activities can be designed so that a problem is presented or developed, but for
w hich no standard method for solving the problem .s immediately shown, thus
necessitating creative, problem solving responses.

A study reported by Reif and St John (1979) showed that students in a
specially designed college level physics laboratory course developed higher
level skills more successfully than did students in a conventional physics
laboratory course. These studies exanuned the students” ability to:

() apply the underlymg theory of an expermment to solve a smmlar
problem mvolving a different physical sitwanion; or

()  modify the cxperiment to find a different quantity, or to find the
same quantity by usimg different methods; or

(i) predict the effect of an error in an experimental procedutc or
measurement. According to the authors, the students in this specially
designed lab course used instructional matenials that presented
"nformation m a carefully orgamzed way and incorporated specific
features sumulating students to think independently’ (p. 952).

The APU (1985) (Assessment of Performance Unity m Britain has
promoted a model of a cham of problem solving processes (adopted from
Kempa, 1986) for usc as the basis of pupils” performance m pracucal mvesnga-
tions
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Figure 3: Schematic problem — solving model for practical
investigation (APU)
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In summary, if we want the students to acquire skills that are used by practising
scientists, and if we are concerned with the teaching of the process skills of
science, practical work scems to be vital (Woolnough and Allsop, 1985)

Practical Goals

Laboratory activitics can cenable students to integrate their experiences with
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materials and with phenomena of science to conceptual aspects of these
activities, and also to more formal schemes and models for practical investi-
gations. Laboratory activities can and should involve both manual and
intellectual abilities. These ablities are 1n some ways distinct from those used
in work that is exclusively verbal (Kelly and Lister, 1969). In the Reif and St
John (1979) study over 80 per cent of the students in the specially designed lab
course were able to master basic skills including. estimating lengths and
masses, using elementary statistics and making rough calculations, while most
students in the conventional lab course did not seem to acquire these skills. The
students in the specially designed course could list approximately 80 per cent
of the essential ideas of an experiment after doing it while only about 25 per
cent of the students in the conventional course could do so.

Laboratory practical skills in this sense have been classified in the
following ways:

Jeftrey (1967) suggested six abiltices associated with laboratory work in
chemistry: communication, observation, investigaticn, reporting, manipu-
lation and discipline. Kempa and Ward (1975) suggested a four-phase tax-
onomy to describe the overall precess of practical work in science education.

() planning and design of an investgation in which the student
predicts results, formulates hypotheses, and designs procedures;

(i) carrying out the experiment, in which the student makes
decisions about investigative techniques and manipulates mater-
ials and equipment;

(iii) observation of particular phenomena; and

(tv) analysis, application, and explanation, in which the student
processes data, discusses results, explores relationships, and
formulates new questions and problems.

Tamir (1978), Doran (1978) and Ganiel and Hofstein (1982) have also used
a very similar classification.

On the whole, most of the researdls studies conducted on the educational
cffectiveness of laboratory work have neglected the range of these abihities, and
hence have not addressed the unportant questions, namely, what 1s the student
really doing 1n the laboratory? and, what are appropriate ways to measure the
effect of hisfher activity?

Grobman (1970), for example, observed that 1n the ‘new’ science teaching
projects:

With few exceptions evaluatnon has depended on written testing ...
there has been little testing which requires actual performance in a real
situation, or in a simulated situation which approaches reality ... to
determince not whether the student can verbahize a correct response but

199




O

Aruitoxt provided by Eic:

ERIC

Avi Hofstein

whether he can perform an operation, for cxample, a laboratory
experiment or an analysis of a complex problem ... This is an arca
where testing is difficult and expensive yet since m the long run
primary aims of proje.ts generally tevolve doing something rather
than writing about sonicthing this 1s an arca which should not be
neglected in evaluation of science curricula. (pp 192-3)

Robinson (1969), Tanur (1972), and Ben-Zvi et al. (1977) found that a low
correlation exists between laboratory-based practical exanunations and written
paper-and-pencil-type tests. Although some attempts have been made to
incorporate practical examinations within evalvation projects (Ben-Zvi et al.,
1976a; Eglen and Kempa, 1974, Golmon, 1975), these are rare even in research
projects.

In summary, it 1s rcasonable to suggest with Olson (1973) that ‘the
laboratory provides conditions for the acquisitign _oi” both intellectual and
motor skills — namcl an occasion for performance as well as feedback’
(p. 34). Thus, the assessment of these laboratory skills certamly should not be
overlooked n teaching, and m evaluation projects.

Affective Goals
Attitude and 1ntevest

Developing fay ourable attitudes tow ard science has often been histed as one of
the important goals of science teaching. Generally, rescarchers (for example,
Kolesnick, 1978) have assumed that the availability of a wide varicty of
mstructional materials will enable teachers to vary classrc om procedures, to
avold monotony, and to arouse nterest and attention. Snuth e al (1968),
Ben-Zvi et al. (1976b), Hofstemn et al (1976) and Raghubir (1979) found, for
example, that students enjoy laboratory work tn some courses and that it
generally results m positive and unproved attttudes tow ard, and mterest in, the
sCrences.

In a rescarch study conducted by Ben-Zvi of al. (1976a), chenustry students
were ashed to rate the relative effectiv eness of instructional methods. Students
reported that personal laboratory work was the most cffectuve mstructional
method for promoting their interest and learming w hen contrasted with teacher
demonstrations, group discussions, fihned experiments and teacher lectures.
Simular results were obtained 1n research studies conducted by Charen (1966),
Smth et al. (1968) and Bybee (1970). Johnson ¢t al. (1974) compared three
groups of siath grade saence students. (1) a group who learned saence froma
textbook, (1) a group that used a teatbook and lab matenals, and (uz) an
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activity-centred group that worked comparattvely with materials. They found
that students who interacted with concrete matenals developed sigmificantly
more positive attitudes toward learning science than those who stucied from
books alone. Thus, it seems that the laboratory can strongly affect attitude.
More recently, Okebukola (1986a and 1986b) in Nigeria summanzed his study
with the cautious claim that ‘a greater degree of participation n laboratory
work may produce a more positive attitude toward the laboratory’. He found
this to be specially true when students were ivol ed n laboratery projects
that were conducted cooperatively.

Newman (undated) 'n Australia in his summary of a study (conducted ir
Scotland) wrote:

We observed classes who studied chenustry, and found that with few
exceptions pupils emjoyed what they are doing (in the lab) even if
difficultics arose in the procedure v even if students became aware
that they didn’t understand what vas happening, it didn’t scem to
matter.

In summary, if there 1s sull an argument with Shulman and Tanur (1973)
who wrote that ‘we are entering 221 era when we will be asked to acknowledge
the importance of affect, unagination, mauntion and attitude as outcones of
science instruction as at least as important as their cognitive counterparts’
(p. 1139), affective outcomes of laboratory mstruction should certanly be
given more emphasis in research studies.

This argument is true especially since a recent research study conducted 1n
Isracl (Milne~ et al, 1987) has clearly shown that the predominan: factor
concerning, students” decision to enrol in science courses in the post-
compulsory phase of education is the mterest in science in general and in
scientific activities (laboratory work and investigations) in particular.

Dilemma II. How Are Laboratories Used?: Bases for Better
Use of Practical Work

Woolno.agh and Allsop (1985) wrote that:

Many ..nce teachers recogmzed the importance of practical . ork.
They beheved that pupils should have first-hand practical experience
m laboratories in order to acquire skills in handhng apparatus, to
measare and to allustrate concepts and principles. Unfortunately
practical work often did not go further than this and few opportunities
were provided for pupils to conduct challenging mvestigations. (p 2)

Although this 1s a comment en the schools i England and Wales, the authors
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suggest it could well apply to practice in many other countries. Indeed, a recent
analysis of science education in Canadian schools reports that

work in the lab is geared towards illustrating facts and theories
presented m the classroom, confirming what 1s discussed in class,
obtaining precise facts and getting the right answers to problems ...,
teachers emphasize routines, standards of azcuracy and thoroughness
= . This cmphasis on approved explanations and the right answer is at
odds with the process of inquiry and the conceptual and tentative
status of knowledge in science. Yet, such predictable actwities as
note-taking, copying activity sheets and lab procedures are valued
because the accumulated information provides a base for work n the
next grade, and because they control and channel energies by keepmg
students busy with routine and unambiguous work. (Orpwood and
Souque, 1984)

In order to find common practices and what 15 really happening m the
science laboratory, there 15 a need to take into consideration three distmct
factors.

— the teacher’s behavior

— the student’s behavior and

— type ofacrivity or laboratory excrase (the mve =igation on wlich the
student is engaged).

Thesc factors play an important role in controlling the student’s learning
in science education Hofstein and Lunctta (1982) 1n therr critical review of the
goals of laboratory work in science education wrote that most of the research
studies had failed to look at these important variables.

Teacher’s Behavior in the Science Laboratory

One of the lessons learncd during the years of massive currniculum develop-
ment (in the 1960s) was that the teacher plays an extremely important role 1n
what students learn. The best curriculum materials can result m hmted student
growth if a teacher is insensitive to the intended goals, to student needs and to
appropriz ¢ teaching strategies. The teacher provides organizers and an
cnvironment that affect whether or not students reach certain mnstructional
goals. For example, 1f a teacher’s goal is to teach observanonal skills and not
Just facts that can be observed, this goal should be apparent m the things that
the teacher says and does. Shymansky and Penick (1978) wrote that:

Teachers are often confused about their role in mstruction when
students are engaged in hands on activity. Many :eachers are con-
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cerned about an adjustment they may have to make m therr teaching
style to facilitate hands on programs as well as how students will react
to increased responsibility and freedom. An activity oriented
classroom in which hands on materials are made available to students
is often a very new experience for teachers as well as for his students.

Eggleston et al. (1976) found that science teaching style tends to be consistent
no matter what form of activity takes place; deductive-ortented teachers teach
practical work authoritatively, while more inguiry-oriented teachers teach
investigative methods of learning. There is a need for obtaining more objective
information about the interactions between teachers, curriculum resources, and
students, and about teacher and student behaviors during a laboratory-based
learning sequence.

Two examples from the USA of attempts to obtain mformation about
thesc interactions arc available.

A systematic classroom interaction analysis to obtain niore mformation on
what actually happens in the science laboratory was made by Pemck ef al.
(1976, who developed the Science Laboratory Interaction Category (SLIC-
Student), and by Shymansky ¢t al. (1976), who developed the SLIC-Teacher.
By using these two instruments one can obtain informaton about the kind of
teaching and learning that takes place in the science laboratory. The authors of
these instruments found that different subject laboratories (chenustry, biology,
geology and physics) demonstrated different instructor behaviors concerning
management, and control over different laboratory goals. These instruments
were also used to provide teachers with feedback on the work in the
laboratory

The secoud example is the work conducted by Barnes (1967) who
developed an instrument (paper-and-pencil) called the Biology Laboratory
Activity Checkhst (BLAC). This instrument measures the nature and extent of
laboratory work in the context of high school biology mstruction as perceived
by the students The laboratory activitics and information that were evaluated
mcluded* pre-laboratory activitics, laboratory activities, post-laboratory
activities, and general student reaction to the laboratory. Tlus practical
instrument cnables one to find out the extent to which high school brology
laboratory activities conducted by a certain teacher are m agreement with the
activities advocated by the curriculum developers.

The Student’s Behavior

Students’ behaviors in the science laboratory are significantly controlled by
the type of laboratory actvities provided by the labcratory handbook.
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Different exercises will differ m the relative amounts of responsibility assumed
Ly the learner and the teacher. Lunetta and Tanur (1979) analyzed laboratory
handbooks and found great gaps between the stated goals for laboratory
teaching and the kinds of activities students are generally ashed to perform m
the laboratory. In spite of the curriculum reform of the last twenty -five years,
students still commonly work as techniaans in ‘cookbook’ lab activities
concentrating on the development of lower level skills “They are given few
opportunitics to discuss expernmental error, to hypothesize and propose tests,
or to design and then actually perform an eaxperiment.” These large discrep-
ancies between goals and practice has ¢ been important factors m the mixed
rescarch findings on the effects of taboratory activity.

Several methods have been suggested to analyze the types of laboratory
activities used m sctence education. Pella (1961) suggested the tdea of *degrees
of freedom’ bemng available to the teacher when using the laboratory (see table
2). Herron (1971) considered, rather sinularly, the degree of gindance given in
the laboratory which he saw as having three components. problems, way and
means of discovery, and answers. Each of these can be analyzed as for their
cpenness and discovery in the saence laboratory (see table 3) and were used by
him to analyze the vartous laboratory activities 1n the PSSC and BSCS
programs Fuhrman ¢t al (1978) designed a task analysts mventory, the
Laboratory Analysis Inventory (LA consisting of | planning and design, 2
performance; 3 analysis and mterpretation; 4 application.

Table 2 Degrees of freedom available to the teacher using the laboratory (T - tedcher,
P = puptl)

Degree of Freedom | 1 I} [\, Y
Steps in procedure Performed by

i Statement of problem T T T 1 p
2 Hhypothesis T T 7 P P
3 Working plan T T p P P
4 Performance P p p P P
5 Data gathering p p p p P
6 Concluston T P p P P

Table 3 Levels of openness and discovery in the learning laboratory

Level of Discovery Problems Wa,s arnd Means Answers
Level O Given Given Given
Level 1 Given Given Open
Level 2 Grven Open Open
Level &5 Open Open Open
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Lunctta and Tammr (1979) used this instrument to analyze two laboratory
handbooks, Harvard Project Physics and the BSCS yellow version, and to
obtain morc precise mformation on the nature of the activities that are hikely to
occur m a laboratory mvestigation in such courses

Type of Actunty

Bryce and Robertson (1985) reviewed the use of practical work 1n science
cducation in different countries. They found that in many countries teachers
spent (or claimed that they spent) considerable amounts of time in supervismg
laboratory work. However, they found that *The bulk of science assessment 1s
traditionally non practical.” In other words, the assessment of students'
performance n the science laboratory is by and large neglected in most
countrics and by most teachers. Kempa (1986), concerned about these para-
doxial findings. sought a resolution when he stated, “The view has long been
established, that the development of practical skills and abihties must form an
mtegral part of the sct of educational goals that is to be associated wath science

Table 4 Qualiies for consideration i the development of schemes for the assessment of
practical abilities

Abihty/skill 1o be assessed General qualities for assessment

{a) Recognition and formulation of problem Tenability of hypotheses and postulates,
dentification of variables to be studied,
identification of variables to be controiled

(b} Design and planning of experimental Choice of expermental conditions, includ-
procedure In@ choice of apparatus and measuring
techniques and orocedures, arrangements
fer varying and controling variables,
sequencing of operations etc
fc) Setting-up and execution of expermental Methodical work'ng, correctness and
work {manipulation) safety of experimental techniqus, manual
dextenty in the execution of practica’
work, orderliness and organization
{d) Observational and measuring skills Accur , and precision in the conduct of
(including the recording of data and measurements reliability of observations
observations) Care and reliability in the collecton and
recording of data and observations
fel Interpretation and evaluation of experi- Tenability of conclusions and inferences
mental data and observations drawn from experimental data, and ther
relevance to the problem unde. investiga-
tion Evaluation of limitations and potential
error sources associated with expenmental
procedure
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education’ and went on to suggest the use of the follow mg phases of laboratory
work as an organizer for the evaluation of students” performance (table 4).
Precisely which of these phases should be evaluated depends, of course, on the
teacher’s pedagogical objectives and on the nature of the experiment. Kempa
claims that these five phases of experimental work are a valid and satisfactory
framework for the development and assessment of practical skills. These
phases refer both to psychomotor skills (mantpulation and observation) and to
cogmtive abulities, 1.c. mvestigation, processing of a problem and 1ts solution by
practical means.

Systems for evaluating student activity m these phases can be classified in
three broad categories. (1) written evidence either traditional laboratory
reports or paper-and-pencil tests; (11) one or more practical examinations, (1ii)
continuous assessments by the science teacher.

Written evidence

Traditionally, science teachers have asscssed therr students’ performance i the
laboratory on the basis of their written reports, during or subsequent to the
laboratory excreise. Assessmerts based on the written reports are only surtable
for recognition and formulation of problems and interpretation, and for the
evaluation of experimentai data and observations.

The second form of written evidence is a paper-and-pencil test, destgned
to assess students’ knowledge and understanding of the use of expermmental
techniques and of the prinaples underlying laboratory work and procedures.
Such a test can assess two of the components, namely, design and planning of
cxperimental procedure and the mterpretattion of experimental data and
observations.

Practical examinations

Practical examnations are used in some countries as part ot the external and
terminal assessment of students” learning.

In such external practical examnations the teacher usually has httle
mvolvement durmg the examination although she or he may be required to
assess with the marking scheme the end products of the presented investigation
(sec Bryce and Robertson, 1985). In general, teachers are not attracted to this
type of practical examination as a means of collecting information on ther
students due to problems of implementation and vahdity of the test.

Ganiel and Hofstemn (1982) summarized a number of drawbacks that are
associated with these sorts of practical examunation.

(a) In many cases different cxamuners use different criteria to assess
student performance.
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(b) Examinations are limuted to those experiments that can be readily
administered to students during a limited time pertod. This obviously
restricts both the scope and validity of the assessment.

(¢) Since such examinations are difficult to implement, they cannot be
conducted very often. Consequently the clement of chance is rather
dominant, and this increases the anxiety of the students.

(d) Because of admistrative constraints, practical examinations will
often be admrnistered to a large group of students simultaneously.
Conscquently, the examiner will not be able to concentrate on
obscrving cach student systemaucally, and will have to rely 1n his
assessment on the results of the experiment and on the written
reports.

In order o overcome some of these drawbacks and to get more precise
tnformation on students” mantpulative skills, Eglen and Kempa (1974) and Ben
Zvi et al. (19762 and 1976b) have proposed the breakdown of practical tasks
that is presented in table 5. They claim that these can be readily applied for
assessment purposes by selecting particular practical tasks.

Tamur (1974) devised a new kind of practical test for the comprchensive
assessment of the skills associated with the inquiry-oriented laboratory work
that was developed in Isracl during the implementation of the BSCS yellow
version. In this practical test the students are presented with a novel prob-
lems/situation (which requires problem idenufication) and are required to
formulate a relevant hypothesis, design a plan to test the hypothesis, actually
perform the experiment and collect data, communicate the findings mn a way
that draws conclusions and suggests new relevant questions. A detailed

Table 5 A breakdown analysis of mampulative skilis

Skilt Components Generalized Assessment Cniteria/Performance Features

txperimental

technique Correct handling of apparatus and chemicals, safe execution of an
expernmental procedure, taking of adequate precautions 10 ensure
relabie observations and results

Procedure Correct sequencing of tasks forming part of an overail operation,
wnevuve and purposeful utilization of equipment, efficient use of
working time, ability to develop an acceptabie worv.ng procedure
on the basis of hmited instructions

Manual dexteritv Swift and confident manner of execution of practical tasks,
successful completion of en operation of its constituent parts

Orderliness Tickness of the working area, good utihization of available bench
space, purposefut placing of apparatus equipment
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assessment scheme was developed and called the Practical Assessment Test
Inventory (PATI).

It contamns twenty-one categorics beginnmg with problem foi. .ulation
and concluding with apphcation of krowledge discovered m the investigation.
Tamir et al. (1982) found that PATI may be used in the following ways:

(1) it helps in obtaining standardized and more objective assessment,
(i) 1t facihtates making assessment und increases 1ts reliability;

(ni) 1t provides description of skills measured by a particular test;

(tv) it provides feedback to both teachers and students;

(v) 1t may help in the design of inquiry-oriented laboratory examin-

ations.

Continuous assessment

In an attempt to overcome the drawbacks of the termmal practical exami-
nation, there has been a movement towards the implementation of continucus
assessment by the teacher in normal laboratory sessions. This has been
formalized to some degree in the United Kingdom (University of London,
1977; JMB, 1979) and 1n Israel by Ganiel and Hofstemn (1982). In these
systems of assessment, the teacher unobtrusively obsery es cach student during
normal lab activities and rates him or her on specific criteria. The assessments
can be recorded for cach student over an extended period of tume. Normally
only a few students will be carefully obscrved and rated during cach activity.

Continuous assessmient on several occasions throughout the year 1s
necessary adequately to cover the variety of tasks and skills which comprise a
total program of practical work

With this involvement n the continuous assessment of practical skills, the
teacher 1s hikely to develop a greater awareness of the scope and objectives of
the laboratory work, as well as 1denufymg student strengths that otherwise
may not have been reflected in more conventional assessments.

In sunmary, 1t 1s suggested that in order to assess the range of laboratory
skills both obscrvational methods and written methods should be used.

The Organization and Dynamics of Laboratory Work

Social Setting
Hofstemn and Lunetta (1982) have suggested that the laboratory as a unique social
setting has (when 1ts activities are orgamzed effectively) great potential in

enhanung social mteractions that can contribute positively to attitude develop-
ment and cogmitive growth
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A number of studies have been conducted in order to find out the
relationship between the science classroom as a learning environment and
cognitive and affective outcomes, but httle is known specifically about the
influence of the orgamzation and dynamics of the science laboratory on
learning outcomes (for example, Frazer, 1981).

In most laboratory classcs, work is in pairs or i small groups. Work m
such small groups can have advantages if the interactions encourage c¢ritical
discussion between members about results and comparison of results and their
interpretation within and among groups. Mutual help can also be provided, so
that cach member achieves the intended goals.

Unfortunately, little seems to have been done in the past tc verify the
advantage of the cooperative method in the laboratory. Two recent studies, one
in Isracl (Cohen, 1987) and onc n Nigena (Okebukola, 1986b) do, however,
clearly demonstrate that working in the science laboratory cooperatively (i
small teams) results in improvement of students’ attitudes towards the topic
studied in general and towards laboratory work in parucular. A problem n the
small group approach is the rol. of the teacher. The teacher needs to provide
direction without oftering excessive guidance that mterferes with the normal
interactions amongst the team members. At the same time, the teacher needs to
handle and control the dynamics of social relations which can in the laboratory
situation be rather complex.

Diversification of the Level of Difficulty of Laboratory Activities

Johnstone and Wham (1982) claimed that ‘“When it comes to measuring the
amount of learnng taking place during practical work the picture 1s rather
pessimistic.” They explain this phenomenon by using the 1dea that m the
laboratory the student has to handle a vast amount of information which causes
‘overload on his working memory’. They illustrated this hypothesis as shown
m figure 4. They suggest a reorganization of laboratory activities to reduce ths
sort of overload.

I The teacher should give clear statements of the pomnts and goals of the

experiment

The teacher should state clearly wh . 1s ‘prelimnary”, *peripheral” and

‘preparatory”

3 The teacher should avoid possible overload by trymg to teach manipu-
lative skills at the same time as data are scught.

o

These suggestions are .ot a revolution in practical work but are ones that could
be adapted by teachers m their classrooms  Another problem that teachers
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Figure 4: Unstable overload in practical work

Names of apparatus and
materials to be recognized

and associated Theory to be recalled

Skills to be recalled Working memory New skills

New written instructions New verbal instructions

Input from the
experiment itself

State of unstable
overioad

Instability
reduced by
Pupil action Teacher action
& .
1 Recipe following 1 Reduce the extraneous noise
P 2 Concentration of one 2 QOrganize the matenial
'eg?:‘m part excluding the rest 3 Take pupil into his confidence
kel 8 3 Busy random activity {state clear objectives)
kety 4 Copying the actions
of others
5 role of ‘recorder’
Source Johnstoneand Wham (1982)
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sometines face 1s how to conduct a laboratory exerase with nmixed ability
classes. Should hefshe taillor the laboratory exercise to the needs and range of
ability of the students One negatve solution noted on the other hand by
Tobin (1986) is that ‘for a varicty of reasons most teachers appear to avod
laboratory investigation, particularly in classes of low ability students When
laboratory investigations are implemented, they rarely compose an mtegral
part of the science prograim.”

Dreyfus (1986) provided guidehnes for using the science laboratory with
mixed ability classes, by showing how the difficulty level of a given laboratory
exercise can be identified by referring to five indicators.

(1) prerequisites — the nature and level of cogmtive development and
general knowledge needed to enable the pupil to begim the activity
and to understand the mmplications of its results;

(i)  subject matter — concepts and principles as well as the context
related to the activity;
(ii1) the nature of the activity — number of variables, quanttative or

qualitative, complexity of dc 'gn, expected results, feasibility of
statustical analysis;
(iv) type and complexity of equipment, materials and their manipulation,
(v) ume needed.

Different versions of the same laboratory exeraise may be created by specifying

the activities according to their difficulty levels. For examiple, m reporting an
analysis of the results the following requirements can be made:

Lowest level: - pupils report the results of one simple experment using umts
of measurement specified by the teacher.

Medium Jevel.  pupils report the results of several rephcations of the experi-
ment, cioosing themselves the units of measurement and
Justifying their choice.

Highest level pupils report the results of several treatments and rephcations,
determime not only the units of measurement but also the most
cfhicient and visually expressive organization and presentation
of the complex results.

Smularly different difficulty levels can be worked out for other phases of the
investigation (problem and hypothesis formulation, experimental design, etc.).

In situations in which the class consists of students who are highly
motivated to study science and able to handle adequately the various com-
ponents of scientific thinking, the laboratory should be used to teach some
general intellectual skalls. In fact, Hofstein ef al. (1976) found that 12th grade
students’ attitudes to and interest m laboratory work were sigmficantly lower
than those of their 11th and 10th grade counterparts. This contra-findmg led
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them to suggest that 12th grade students nced more scienufically challenging
laboratory experiences. The project approach mn the final year of schooling in
Scotland may be the answer to this sort of bored famitharity with the simpler
laboratory experiments that continue 1 muany science courses regardless of
student ability or age.

Summary: A Look at the Future

In the 1960s the laboratory was established as central to learning science m the
intended form of most science curricula. By the nuid-1970s science educators
and rescarchers were questioning the value and the educational effectiveness of
the science laboratory at least as it was practised i many schools and in many
places in the world. This has led to a trend m which there 1s a retreat from
student-centred science activities in the laboratory.

This is of great concern to those who beheve that the laboratory provides
a unique medium for teaching and learming science. Woolnough and Allsop
(1985), for example, wrote that

Fundamentally, we must recognize that science teaching 1s concerned
with both the content of science and the process of science. ... Both are
vital for a full scientific education. If we are concerned to teach the
process of science, practical work is vital.

Similarly, Yager (1981) claimed that:

Laboratories help correct the erroncous idea that scientific information
exists only to be learned. Scientific information 1s valuable only if it 1s
learned and used. A laboratory is a place where knowledge can be
used; hence knowledge is exemplified as a means for action, not as an
end in atself,

It is truc that rescarch has failed to show simphstic rclationships between
experiences i the laboratory and student learming m science. Furthermore, it s
unrcasonable to assert that the laboratory 1s an effective and efficient teaching
medium for achieving all goals i science cducation On the other hand,
sufficient data do exist to suggest that laboratory instruction can play an
mmportant part in the achievement of some of these goals. Appropriate
laboratory activities can be effective tn promoting logical developnient and the
development of some inquiry and problem solving skills. They can assist in the
development of mamipulative and observational skills and m understanding
scientific concepts. They can also promote positive attitudes, and they provide
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opportunitics for student success and foster the development of skills m
cooperation and communication.

Science laboratories should enable students to use information, to develop
a general concept, to determine a new problem, to explam an observation and
to make decisions.

There is a need to search for teaching strategies in the laboratory that will
promote instructional goals. Some goals may well be achieved efficiently
without the necessity of mampulating materials in the laboratory, on the other
hand, to do away with laboratory activities and the manipulation of materials
n general, may well distort student understanding of the nature of science
and 1nhibit logical, conceptual and affective development.

In an article titled Are lab courses a waste of time? Pickering (1980) wrote.

The job of lab courses 15 to provide the expenence of domng science.
While that potential is rarely aclieved, the obstacles are organizatonal
and not inherent inlaboratory teaching itself Thats fortunate because
reform is possible and reform is cheap. Massive amounts of money arc
not required to improve most programs; what is needed is more
carcful planning and precise thinking about educational objectives.

By offering a genuine, unvarnished sciennfic experience, a lab
course can make a student 1nto a better observer, a more careful and
precise thinker, and a more deliberative problem solver. And that is
what education is all about.

While researchers continue to scarch for better data and evidence of appro-
pnate procedures, science teachers must do the best they can to base
curriculum and teaching decisions upon evidence that 1s available and upon
logical inferences about goals, the nature of science, and the way people learn.
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Gender and Science Education: I

Svein Sjpberg and Gunn Imsen

Introduction

In this chapter the problem of gender and science education is considered.
First, we will discuss how the problem 1s percerved from different stances, our
own perspective and our own ‘scene’ i Norway. Sccond, we will discuss
pussible theoretical frameworks for an analysis of the 1ssues. We will
emphasize the need for a theory that goes beyond simple thinking m terms of
causc and effect, and will claborate the concept of gender culture as a tool for
understanding the complexity of the 1ssues. Next, we refer to and discuss
empiricai evidence that throws some light on the same 1ssues and how this
relates to our theoretical base. Finally, we discuss possible practical consc-
quences that may be drawn from what has been said carbier.

The Problem
Low Participation — An Internanonal Coswern

The problem is well-known: compared with boys, a low pereentage of girls
choose science 1n schools and few women are found m carcers m scicnce and
technology. This is a worldwide phenomenon, although educational and
cmployment statistics show great and mteresting variations betw een different
parts of the world (for a survey, see Harding, 1985).

The low participation of women in science-related professions has led to
an international movement that tries to describe, analyze and understand the
situation  Although the perspectives vary greatly, people wmvolved 1 this
movement by and large share the common aim of getting more women mto
science and technology. A comprehensive survey of the movement cannot even
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be attempted n an article like this. Suffice 1t to say that four mternational
conferences on Girls and Science and Technology have been arranged, and the
reports from these show the great variety of perspectives and approaches
(GASAT I, 1981; GASAT II, 1983, GASAT 111, 1986; and GASAT 1V, 1987).

Three Conceptions of the Problem

The conceptuahization of the problem, and hence the kind of solutions put
forward, vary according to the mterests of people who conceive the problem.
We simphfy the problem by describing three different stances:

(i)

(iif)

For mdustry and “socicty’ the problem of low female participation 1s
one of possible recruitment of a hitherto untapped pool of intel-
lectual reserve. It is high time that we start bemg concerned about
the gifted gicls. From this perspective, the practices and underlying
values ot science and technology arc unproblematic and given. The
focus of interest lies in finding the most efficien: intervention
program or support system that will channel the gifted girls into
these carcers.

Another pomt of argument is that women have different interests,
perspectives, values and priorities than men Science and technology
arc seen as important factors i the shaping of a new future. Access
to science and technology means good carcer opportunitics for the
mdividual as well as access to pohtical and cconomic power for
women as a group This position 1s crtical to the uses and practices
of estabhished science and technology The aim 1s to jom the scienufic
community in order to get access to cconomic and political power,
and to usc these positions to change decisions and prioritics.

Some feminist criique goes much further in claiming that contem-
porary science 1s a male activity at a very basic level. science 1s
concerned with controlling, dominating and mastering (sic!) nature.
Science 1s conceived as a man-made activity m a heeral sense:
hicrarchical and based on a conception of nature where man stands
outside nature instead of being part of 1t. This view wvolves a
questioning of science i its present form, not only of its use, but also
of the basic epistemological assumptions (see Keller, 1985, Harding
and Hmukka, 1983).

The above description is crudely sumphified m order to make expheit the wide
range of perspectives. Part 11 of Perspectives on Gender and Science Education
cdited by Harding (1986) provides an claboration of different views.

As mdicated above, there are many different conceptions of the problem.
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In spite of thus, the different groups engaged in this arca agree on the necessity
to ncrease the number of women m science and henee the number of girls
choosing science n schools. The reasons for wanung this may vary, and the
long-term political anms also vary strongly.

So, although the perspectives and motives are different, at least the short-
term aims arc similar. Hence, one may cooperate to find the most suitable
means to achieve these aims,

Tuwo Strategies for Change

When looking at enrolment statstics from obligatory school up to top level,
one can clearly sce the general pattern. the lugher one gets, the lower 1s the
proportion of women. This pattern 1s essentially the same from one ficld of
study to another, in the humamties as well as in science This means that the
mechanisms that operate agamst women m their professional careers are much
the same from one arca to the other.

If the aum 15 to mcrease the proportion of women m careers of different
ficlds, two obvious strategies are available. general and subject-spearfic.

The first strategy involves concentrating on general 1ssucs of importance
for won:en's carcers. The measures are partly pohitical at state or community
level: finance, child-care, etc., partly ‘private’ matters of the particular family,
like sharing of houschold dutics

The second strategy calls £or subject-specific measures. For the sciences, this
involves discussions of all aspects of the scicnce curriculum and out-of-school
influences related to science.

The two approaches are of course complementary and do not compete
with cach other. But as science educators, our focus will necessarily be on the
subject-specific measures. The followmg discussion and presentation of
emprrical results wall therefore have this as the maia perspective,

The Nonwvegian Scene
5

Equality between the sexes has come relatively far i Norway. A considerable
fraction (40-45 per cent) of the adult labour foree 15 female Most formal
obstacles to sex equality have been removed, we have legislanon against sex
chscrimmation, and textbeoks have to pass a test on sex discrmmation before
bemg ofticially approved. kquality between the sexces 1s considered a central
issuc for the cducational system. In many ways, results are encouraging.
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In 1987 women comprised the majority of the total number of freshers
at Norwegian umversitics. Even in the Norwegian Government at present, the
Prime Minister and eight out of cighteen members are women. In spite of all
this, the percentage of women in science and engineering 1s extremely low. The
high proportion of women in higher education does not seem to affect the
numbers of women in science. This paradox requires an explanation.

With this background, a Norwegian perspective may be of some mterest
The emprrical investigations that wall be referred to are marnly pubhshed in
Scandinavian languages, and arc therefore not well-known to many readers. A
few words need to be said about the educational system and the role played by
science in it. The compulsory school in Norway is nine years (age 7—1o years)
and 1s fully comprehensive, with no strcamung and only minor curricular
choices The next three years of upper secondary school involve curricular
choices, mamly in the last two years, but there 1s a substantial common core.

Science is part of the curriculum through the whole compulsory school
plus the first year of the upper secondary school. Unul that, this level science 1s

taught as an integrated subject including biology, chemistry and physics The
last two years of upper secondary school science are spht mto separate sciences
and arc only taken by those who want to specialize m those directions.

The teacher. have rath - different backgrounds for the different levels. At
the Llcmcntary level (grades 1-6) the students in general have one class teacher,
covering all subjects, and following the class through all grades. More than 80
per cent of these teachers are women, and very few have any background in
science At the lower secondary school (grades 7-9) the situation 1s different.
Most of the science teachers are men (81 per cent), and i general they have
studied at university level in one or more of the sciences. The situation varies
however, quite a lot across the country. The science teachers uppc
sccondary school arc i general very well qualified through 5-7 years of
university studies m science. Some 84 per cent of these are men.

Of the three sciences, physics holds the strongest position. Exammation m
physics 1s used also as entry quahiication for several umversity studies of high
prestige. Physics 1s therefore the key to carcers m science and technology
(including medicme, vetermary medicine, odontology, agricultural science,
etc.) The enrolment figures for girls are especially low m school physics, and this
is, therefore, also an obstacle to the recruitment of girls m the higher parts ot
the educational system. Hence, the problem of girls’ relationship to the sciences
can m our context be rephrased to be a problem connecred with physics.

In the next section we will develop our theoretical framework. We then go
on to present some research from Norway to make our pomts Although we
could have drawn on a large amount of internationally available rescarch, there
are good reasons for hnuting coverage
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Modes of Explanation
Nature versus Nurture

There are two approaches to the problem that differ on a fundamental level the
first secks explanations in biology, the other looks for explanations in the social
system. In the following, we wiil develop a view based on a conceptionthat we
have to deal with a problem which by nature 1s social. This does n#ot mean that
we reject the existence of biological difterences! There may even be differences
of biological origin that may shed some light on ‘our problem’, but we will not
attempt any discussion of thiese possibilitics. We do, however, find good
reasons to warn against an approach that focuses on biological differences as the
explanatory factor.

The discussion of nature versus nurture 1s old, and 1t 1s found in different
arcas of social life. The function of the biological explanation for observed
differences betwecn groups of people has histerically been to explain observed
differences as ‘natural”. The argument is used to explain differences between
races, between social classes and 1n our case between women and men. The
biological argument often takes the form of biological determinism. Biology 1s
interpreted not as potentiality but 2s restriction, and provides justification to
sexual determimsm (Lambert, 1978).

Looking back at the history of these debates provides a perspective for the
present situation. The function of the biological argument has always been a
defence of status quo. The opponents, those who argue for changes, have
always been accused «f wanting the impossible, the ‘unnatural’. They are
accused of the great sir of wanting to ‘change nature’.

The function of the argument has always been the same, but the actual
form has changed through history. Wher. onc form of argument .s falsificd by
the development of science, new arguments are developed, always tailored to
the present stage of our biological understanding and always tatlored to the
particular social institution that needs to be legitimuzed, m our case, the
diwvision of labour and social responsibilitics between the sexes and the
differences i mtellectual capacities and predispositions. The argument used to
be based on measurement of the form and volume of the skull (the science of
‘cranfometry’). Present versions of the old story refer to ncuro-physiology,
brain asymmetry, visual-spatial abihues, ctc. We are not saying that these
approaches a priort are unfruitful, but we are warming agamnst any kiad of
deternmnism that often emerges from these approaches. For discusston of the
misuscs of biology for 1deological purposes sce Gould (1981)
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A Comprehensive View

Much rescarch connected with sex differences takes the form of studymg sea
differences 1n achicvement, experiences, interests and attitudes, and correlations
between such variables. On the basis of those correlations, one often deduces
causal relationships. Although much of this rescarch may give valuaole
information, we w1!' warn against this empiricist approach that often lacks a
clear guiding theoretical framework.

‘Our problem’ is essentially a problem belonging to the social sciences, not
the natural sciences. Social relationships are often of a more complex nature
than the problems of natural science. It is very seldom that one can describe
social phenomena in terms of simple linear chains of causc and effect. One has
to take the totahty of influences into account and one has to treat the people
involved as subjects with their own personal beliefs, values, aspirations, etc.

Consequently, our stance is that rescarch and discourse on girls and science
should aim at understanding the problem, that is, how girls themselves concerve
the situation, and getting knowledge about what factors scem to mfluence
girls” preferences.

Children as Theory Buiiders

During their development, children actively construct therr own meanmgs n
a complex interaction with other individuals. They are also mfluenced by
material circumstances that may restrict or enhance their possibihities. Both
the social and material surroundings contribute to the development of the
personality.

Children as well as adulis are ‘theory builders’. They continuously try to
make sense out of the many conflicting influences they are subjected to. They
actively construct theories of the external world. These theories may or may
not be good tools for coping with reality, and they may or may not correspond
to ideas developed by science. Research into this area of “children’s science’ or
“alternative paradigms’ 1s currently in rapid growth and 1s likely to shed hght
on many of the problems facing saence education.

Children also actively construct their own personal identity. They also
construct therr ‘self’, a ‘theory” about their own personahty. This theory may
or may not constitute a suitable tool for copmg with external reahity.

This perspective mvolves treating girls as vigorous personaitties, actively
constructing thar own identity or self-concept, attitudes and personal expec-
tations. Garls as well as boys actively construct their own reality External
influences play important roles as raw matenial m the process of construction.
But the point 1s that girls as well as boys are active agents m their own process
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of sociahzation. As a consequence, girls are not mdividualiy responsible for
therr lack of mterest m science. Rather, we must look for societal and other
factors for explanation.

Gender as Part of the Culture

As i many other countries, Norwegian girls and boys have access to the same
education, hterature, television programmes, music and other cultural institu-
uons. Social mequahties are small m Norway. Children attend mixed-sex
classes m a comprehensive school with no streanung and are encouraged to
cooperate m out-of-school activities as well. Why do girls and boys apparently
acquire different parts of what is offered to them?

A key to this question hies m understandmg what gender identity means in
an cgalitarian soctety. Gender 1s a fundamental attribute in most cultures. To be
a genderless person, or to have a genderless identity, is nconcervable (Kessler
and McKenna, 1978). Gender 1s generally woven into the socal rules that
regulate social relationships between people; both same-sex relanionships and
rclationships between boys and girls

What young girls do know 1s that they want to be gnls. To the girl it is
cructal to be reassured that she 1s femnme  Accordmgly, she s cautious not to
offend the mwvisible rules of the femmme culture. The ‘gender code’ has a
variety of imphcations It means seehing social approval to confirm personal
sdentie as well as gettng the assurance of really belonging to the female peer
grovp This may be more mportant for her than being attracuve to the
opposite sex.

The underrepresentation of girls m natural science has to be mterpreted m
terms of culture. Science m most cultures 1s socially defined as a mascuhne
domam. Boys engage m science and technology to remforce thewr masculimty
— while this 1s not a way for girls to become fenmnme. For a gurl, a choice of
science may lead to sanctions from her female peer group — and from the
boys! Emprrical evidence shows that boys don't hke girls to be clever in arcas
considered as male. They think “there 1s something strange about girls who
want to be scienusts’ (Kelly et al., 1984). Boys also expect girls to be afrad of
electricity (Lic and Sjoberg, 1984).

Whle girls’ cultural codes may divert them away from science m spate of
talents and interests, the opposite problem exists for the boys many boys are
more or less forced to choose subjects and carcers ‘suited” for mien m spite of
aputudes and interests gomg m other dircctions Although this is not the
subject for this chapter, we will indicate that codes of *boys’ cultures” may be
even harder to change than the codes of *girls’ cultures” For both seacs the aim
should be to help them shape cultures that have less opprossinv e consequences
224
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for themselves. In any case, gender can be removed. It is the social expressions
of gender that cannot be changed.

The gender cultures have developed historically, and the social expressions
of gender vary between cultures. Historical, 1dcological, and material condi-
tions have intcrfered in the moulding of male and female ideals. Division of
labour between the sexes has undoubtedly played a major role in this process.
During the process of industrialization and urbanization n the nineteenth and
twenticth centuries, the division of labour between men and women has partly
been redefined in the countries that have undergone those processes. The
sexual division of work is still clear-cut. If a particular division of labour
becomes obsolete for material reasons, it does not automatcally follow that sex
incqualities will vanish. For example, the new possibihities for women to work
outside home during the 1960s and 1970s do not scem to have changed the
ideals of feminmity and inasculinity. The ideological impact of old patriar-
chal systems continues to operate in modern society, providing invisible rules
for what is feminine or masculine. An important aspect of the cultural system
of gender is the way of defining hierarchical relations between the sexes.
Masculinity 1s perceived as a way of expressing superiority and donunance,
while femininity 1s a way of expressing subordination. In a society like
Norway, where all kinds of sex discrimination in principle are forbidden by
law, this superordinate/subordinate relationship is disguised. It 1s best triced in
the relationship between couples. The male partner 1s usually considcred by
society a little superior to the female. She might well be clever and intelhgent,
but she is frequently not ‘allowed’ to challenge his position of intellectual
supertority in the famuly. In many important situations, she had better stand a
step or two bchind her husband. If not, she will break the visible rules of
femininity

This perspective throws some light at the problem of girls and science.
Approaching atypical ‘male’ discipline increases the risk of breaking important
social rules with all its costs. Girls percerve the mvisible warning attaclied to
the possibility of becommg more clever than boys on their own ternitory.

A coherent and all-embracing theoretical framework for understanding
girls’ underrepresentation m science docs not exist The problem s not ikely to
be grasped with simple models of cause and cffect. The concept of gender
culture is more comprehensive and is, i our opmion, hkely to generate a
deeper understanding of the many aspects of the problem.

Science as Part of the Gender Culture: Empirical Evidence

There 1s a growmng amount of rescarch documenting that girls and boys are
treated differently m the classroom (and of course clsewhere!). In general,
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tcachers hold lower academic expectations of the girls, especially i science
and mathematics. Classroom rescarch on teacher-pupil interactions also gives
cvidence that boys are favoured both with respect to the amount of ime and of
quality of the interactions. Although exceptions as well as sigmificant mterna-
tional variations exist 1n this respect, the above scems to be a general pattern
that is well documented (For further references sce GASAT I, 11, 11 and 1V,
and Harding, 1986.)

In this section, we will bring empirical evidence from national studies
in Norway that throw light on different aspects of the differences between
the cultures of girls and boys We will look at differences in experiences,
differences in attitudes and differences m the way they see their future jobs.
Finally, we will look at how the two sexes percetve scienusts as persons and
science as a discipline 21d how these perceptions are related to the personalities
of girls and boys

Sex Dufferences in Experiences

It .o a pedagogical cliché that one ‘should build on the experiences of the
learnc ', and ‘go from the concrete to the abstract’. These statements become
more in.~resting and problematic when one reahzes that children bring with
them different sorts of experiences. By taking some experiences for granted and
as a starting-pomnt for abstraction, onc may ummtentionally favour certain
groups of pupils Science teaching builds on experiences that strongly favour
the boys. Let us illustrate the pomt with some concrete examples.

The Norwegian version of the IEA SISS-study (The Second International
Science Study) (Sjeberg, 1986) included a survey of children's out-of-school
experiences that might be of relevance for the learming of science 1n schools.
The questionnaire was answered by some 3000 pupils at two different ages. 11
and 16. The same children also answered questions on home background,
interests and attitudes, future plans, ctc. i addition to a large number of
multiple choice science ttems. The purposc of including the list of experiences
in the investigation was manifold. the hist was meant to give a background for
analysis of existing curricula and for possible revistions. The results also make
it possible to mvestigate possible connections between experience and score
on knowledge wems from the same < ca’ — for instance clectricity. Here we
restrict ourselves to an overview of the ‘raw’ results.

For cach activity, an ‘activity index’ (between 0.00 and 1.00) was
calculated from responses to a three pomnt scale ‘never’, ‘two or three times’
and ‘often’. Averages for different sub-groups have been compared. These
sub-groups were defined by different criteria. by geographical region, by
demographic criteria, by measures for home background, cte. All these
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Table 1 Mean values of the acuvity indexes as a result of the out-of school experences of
girls and boys

Activity 11 years 16 years

Gils Boys Gurls Boys
Used needle and thread 095 073 097 066
Used a sewing machine 083 059 095 058
Knitted 094 057 094 043
Played with Lego building set 068 082 064 067
Made a model arrplane,-boat,-car 023 069 027 073
Used a saw 066 086 076 094
Used a screwdriver 0 66 087 080 095
Used a hammer and nail 0 88 093 092 097
Used a spanner (wrench) 0 45 082 067 096
Reccded with a tape recorder 074 074 092 088
Recorded on a video tape recorder 016 025 020 029
Played video games 004 020 ¢ 27 05C
Used a microscope 030 050 047 061
Used binoculars 083 087 088 091
Used a magnifying glass 0 44 061 0 59 070
Used a camera 068 065 090 082
Used a stop watch 067 085 076 089
Used a measuring tape 083 077 094 083
Read the scale of a trermometer 070 075 093 090
Used a kitchen scale 069 065 094 076
Made bread or pastry 079 062 0¢h 065
Used an air gun 020 059 042 084
Used a nife or a shotgun 015 037 025 067
Made jam from wild berries 0562 043 0 55 032
Waxed a oar of skis 075 082 082 087
Stucied the Milky Way 033 039 o4 0 34
Studied the moon with binoculars 028 036 025 038
Studied fossils 019 023 019 023
Collected wild mushrooms 033 035 0 45 0725
Collected edible wild plants 035 033 033 029
Planted and watched seeds grow 072 060 076 057
Studied the hfe in a pnnd 053 058 0 50 050
Cared for a horse 046 032 046 033
Collected stones 068 058 059 040
Changed electric bulbs at home 059 074 095 095
Changed » fuse at home 012 032 049 081
Attached electnc lead to plug 008 035 018 073
Studied the inside of a radio 017 051 026 078
Changed wheels on a car omn 043 017 043
Charged a car battery 009 031 012 0 56

Source Sjoberg (1986
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divisions give differences in some of the experiences, not surprising in a
country that stretches from a rather pleasant chmate i a relatively densely
populated south up to the tough coastal climate m the arca far north of the
Arctic Circle.

One particular way of forming sub-populations results m far greater
difference between the groups than any other type of division, and that 1s
diwvision by sex!

The list of activities in the questionnaire includes some 100 activities.
Table 1 gives the “activity index” for boys and girls for some of the activities.
In table 2 the gender differences for a small extract of the activities in table 1 are
presented, grouped by positive values for cach sex. These tables show only a
very limited range of the results and are meant only to indicate the tollowing
points that emerge from the list as a whole.

L The pattenn of experience is strongly connected with gender Girls dommate
in most activities connected with home and houschold. They also
dominate mn activities connected with biology, gardenmg, nature study,
health, handlmg and caring for ammals. Activities like ‘collecting
stones’ and ‘take photographs’ are also *girls activites’. Boys donunate
most strongly in activitics connected with cars (except for ‘washing a

Table 2 Experiences Differences between boys and qirls

Activity Girl-boy difference
11 years 16 years

Grurl-dominated  (positive value
higher index for giris)

Knitted 037 051
Used a sewing machine 024 0 37
Made jam from wild berries 009 023
Collected flowers for a herbanum 018 0 21
Planted seeds and watched them grow 013 020
Collected stones 010 019
Read about how the body functons 0 00 0 1.

Boy dominated (positive value
tigher index for Loys)

Used a saw 020 018
Plaved with a chemistry set 019 025
Changed a fuse at home 020 032
Used a gun or a shot gun 022 042
Helped with repaining a car 024 0 46
Used a car jack 036 052
Attached an electric lead to a plug 026 0 55
Renew the plugs on a motor 021 059

Source Sjoberg 11986)
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car’, wauere boys and girls are equal). The acuvities include ‘charging
the battery’, ‘using the jack”, ‘renewing the plugs’, etc Boys domnate
in 2. tivities related to electricity, strongly in activiues like ‘attaching a
lead to a plug’, smaller differences on ‘changing batteries’ and *chang-
ing bulbs’. Boys also have highcr activity index on the use of a variety
of wechanical tools.

Most differences m experience ave dramatically larger at age 16. Although the
study 1s not a longitudnal study of the same children, 1t 1s hikely that
this finding can be mterpreted as an increase of differences with age. (It
1s unlikely that societal changes have occurred in all these arcas
stimultancously.) And the pattern is interesting. whereas girls sys-
tematically score higher on ‘male’ experiences the older they get, 1t1s
often the opposite with boys. their scores become lower the older they
get. (We find it likely that pupils think back a rather short time span
when they judge whether they have done a particular acuvity ‘often’ or
not. Therefore a score may decrease with age) Compared with
11-year-olds, boys at the age of 16 have lower mdex on most
houschold activities and also on activitics like watching an egg hatch,
raisng tadpoles or butterflies, planting sceds to sce them grow,
growing vegetables in a kitchen garden, study fossils, make jam from
wild bernies, and collect flowers for a herbarium. So, while girls m
general gradually become familiar with male experiences, the boys
move even further away from the *world of girls'.

[£9)

Most of the 100 activites hsted 1. the questionnarre have some relevance
to science. They constitute possible starting points for school science, or they
can be used as concrete examples m the treatiment of scence topics. If we
compare the list of experiences sorted by sex differences, we are immediately
struck by the fact that school science builds on boys’ experiences. (Tlus 1s at
least the case m the tradittional Norwegtan curriculnm, where physics has a
strong position.) This 1s a clear expression of our assertion that science
reinforces the mascuhine mmage and s part of boys® culture

Sex Differences wm Inierests in Subject Matter
Differences m expertences are of course strongly hnked with differences in
personality predispositions Several mvestigations shed hght on this (for an
mtermational survey sec Lehrke eral, 1985). Our Norweglan results agree
with most of these results. Some examples (all published i Lie and Sjoberg,
1984) arc:
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Example 1

Students at the ages of 12 and 14 are presented bists of topics that may possibly
be covered in science lessons. They are invited to tag the subject matter that
appeals to them. The results are analyzed for differences between groups. The
pattern that is consistently clearest is the difference between the sexes.
Generalizing, the pattern 1s the following: boys are strongly interested in
subject matter related to cars and me.tors, girls arc interested in subject matter
related to health, nutrition and th: human body. But the differences show up
also in the kind of context that is implicd in the description of the subject matter.
In general, girls arc interested when the subject matter is placed in a context
related to daily life or to society (key word: ‘relevance’). Girls are also in the
majority on subject matter that has aesthetical (‘snow crystals’, ‘the rainbow’)
or cthical aspects (‘consequences of ...").

Different key words for ‘the same’ subject matter give widely differing
results: girls are interested when key words are ‘colours’, ‘the eye’, etc., while
boys are in the majority on items when ‘pure’ physics concepts ‘light” or
‘optics’ are given. Similarly for ‘acoustics’. girls are interested in ‘music’,
‘instruments’ and ‘the car”; while boys react more positvely to ‘sound’.

Example 2

A representative group of university students covering different fields of study
gave answers very consistent with the above results. They were mvited to give
therr views on ‘what should be given higher prionty 1 the school physics
curriculum in order to make 1t more interesting’ by tagging topics from a lung
list The topics that came out on top of the list were: ‘how physics 1s used
soctety’, ‘the physics of daily hfe”, ‘the body and the senses’. It 1s interesting
to note that although the female students came out much higher than male
students on those topics, they were also on top of the hist for male students!
This shows that a science curriculum more suited to the 1terests of girls necd
not be to the disfavour of boys,

Example 3

Morce open approaches to the same problem arca have also been undertaken In
one investigatron, 14-year-old students were mvited to write some hnes, given
the following guidchines: ‘Scientists make new things or try to understand
what happens 1. .ature and with people. If you could decide, what would you
ask scientists to do?”

The results were analyzed and classified The following aspects came out
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on top of the list for the two sexes:

Girls’ research priorities Boys’ research priorities

Body, health 23% Technology 24%
Anti-auclear weapon 14% Astronomy 14%
Animals 14% Animals 11%
History 13% Body, health 9%

We see that the general pattern is the same as in the investigations with closed
alternatves: girls arc oriented towards biology, health, the body and towards
the consequences of technology.

Sex Differences in Self-Concept and Value Orientation

In a study carried out in the central area of Norway in 1986, a total of 1364
students aged 15 to 17 years responded to an inventory which included scales
on self-concept, values, and carcer aspirauons The students come from
randomly-sampled classes in the eight and minth grades of comprehensive
schools and the first high school grade, all curricular clectives being included
(Imsen, 1987).

The self-description scale was in essence built up along the lines of Bem's
Sex Role Inventory (Bem, 1974). A Likert-type scale containing twenty-four
self-description items was developed. No androgyny-scores were calculated.
A factor analysis of the twenty-four items gave the following factor structure.

FACTOR 1: ORIENTATION TOWARDS OTHERS, a description of one-
sclf as considerate, kind, thoughtful and responsible.

FACTOR 2: INDEPENDENCE, a description of self as determed,
independent, willing to stand up for onesclf, and assertive.

FACTOR 3 EMPATHY, a description of onesclf as one who consoles
others, displays own feelings readily, casily moved to fecl for
others, and open-minded.

FACTOR 4. COMPETITIVENESS, a description of oucself as one who
displays leadership, knowledge, ability, competitiveness and
who takes risks, often seizing the mitiative,

Girls showed the highest values for factors 1 and 3. Factor 2 showed no
differences for boys and girls. The boys had the hig! st scores for factor 4 (All
differences significant at p<0.01.) D.flerences between U .ys and girls v _re
most pronounced in respect to the empathy factor.

This indicates that the results on students’ interests as to science arc not
merely opmions at a surface level. They correspond fairly well to boys” and
girls” deeper understanding of their own personal potential.

This coirespondence is clearly demonstrated wnen lookmg at geaeral
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value orientation In the same investigation, students also completed a verston
of the Rokeach Value Survey (Rokeach, 1973) This was rescaled from o
ranking to a Likert scale. The results confirm the girls' *soft” value orientations
They score higher than boys de for values such as openness, concern and
sympathy for others. Boys, on the other hand, score highest on values such as
efficiency, skill, boldness, ambition, knowledge, and reasoning power.

Our results on personal priorities and self-descriptions add up to 4 pattern
describing the mare differences between male and female sub-cultures, We will
now take a look at how these differences are connected to the choice of future
jobs.

Sex Differences in Chowce of Future Jobs

The carcer wishes of the pupils in the above-mentioned study (hmsen, 1987)
were divided mto groups i two different ways. first as to the occupation
preferred bemng a female or a male-domnated occupation, as defined by offictal
employment stastics; secondly as to the occupation in question bemg a caring
or a technical occupation. Results are shown in table 3.

The results m table 4 show that although most girls stll want to pursue
‘traditional’ women's occupations, there is a considerable munority who aspire
to traditional male occupations (some of which may be technical). More than
three times as many boys as gic's want a technical occupation. Totally, only 13
per cent of the girls would likc 15 enter a technical or screnufic orcupation wy
contrast, 47 per cent of the boys wanted to v ork m the field of rechmology. We
also note that very few boys want to enter temale-donunated occupations, and
very few boys want to join caring occupations.

The results indicate that there 1s some movement among the girls to cuter

Table 3 Career aspiratons among boys ana qils 1+ Sex dominance i oce upation
according to 1980 census)

Occupational Category

"Sex Dominance Quabty of work
N Female Neutrat Male Caring Technical Other
Girls 635 373 46 258 279 90 326
Bovs 625 63 38 511 29 280 310
Totat 1289 433 84 769 308 37c 636
Sowurce Tmsen ) 387
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Table 4  Scores for gender and self-concept sub groups for two categories of occupational
aspiration (number in each sub-group in parentheses)

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
OTHER-

ORIENTATION INDEPENDENCE EMPATHY COMPETITIVENESS
OCCUPATION Gurls Boys Girls Boys Girls Boys Guls Boys
CARING 020 020 -0 029 055 -012 -034 on
(267 {29) {269) (28) (275) 29 (268) (29)
TECHNICAL 010 -0n 004 -010 0 36 -05”5 -004 020
(87) (271) (88) (279} 188) 1273) (88) 271

Source Imsen (1987}

male-dominated and technically-oriented studies. For the boys, the situation
is much more static, they scem to avord female-donunated occupations and
occupattons oricnted towards care. This observation supports our assertion
that the culture of boys 1s more rigid and difficult to change than the girls”
culture.

In this investigation, there was also a link between self-concept as
described in the last section and occupational aspirations. For the four factors
above of self-description, the mean z- scores of sub-groups defined by sex and
two categories of occupational aspiration are given m table 4. The total number
of students was 1244, but the number of boys preferring caring occupations is
low 50 the results should be taken with care. Table 4 shows that there is a clear
tendency for girls describing themselves as empathic to want to take up work
involving caring for others. Those who want a technical occupation are less
empathic and more compettive and individualistic than the ‘caring occupation’
group. Still, the girls choosing technology are much more empathic than the
boys n the same category of choice! According to this analysis, girls choosing
techmcally-onented occupations are quahitatuvely different from boys selecting
the same occupations.

The SISS study referred to carhier (Spoberg, 1986) also sheds light on
factors lying behind the chotee of future jobs The 6500 participating students
at the ages, 11, 16 and 19 were asked to rate a list of factors that could have
importance for their choice of occupation As for many of the other variables in
SISS, the greatest differences occur when the data are divided by sex. Table 5
gives data for three different populations. The table shows differences i job
priorities between girls and boys at three different ages The two first groups
are representative samples from the total population The age 19 group,
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Table 5 Of importance for future job" Differences between girls and boys 1absolute values
are for total group at age 16)

Age 11 (ANl Age 16 (A Age 19°
Factors Duft Dff Abs Diff

Work with people instead of things 000 017 (0 45) 031
Help other people 008 013 (0 64) 023
Use my talents or abilities 000 003 (G 88) oo
Get a safe and secure job 001 002 (0 92) 003
Have an exciting job 002 000 (0 73} -005
Have free time for famiy and friends 002 -001 (0 81) -0
Make my own decisicn -008 -001 (0 60) -006
Make and invent new things -001 -002 (0 48) -005
Control other people -003 -004 (012) -006
Become famous -004 -005 {0 15) -004
Earn lots of money -005 -005 (0 75) -013
Have spare time for my own interests -002 -005 (0 65) -0n

Source Sipberg, 1986

marked *, represents the students that have spectahized 1n the natural sciences 1n
the ‘acadenuc’ branch of the school system.

In table 5 we have concentrated on the differences between the sexes. On
top of the list arc the ‘female factors’, on the bottom the ‘male factors’. Before
commenting on this, it is fair to say that the general pattern is great simlarity
m priorities. A measure for this 1s the total average for the population,
indicated in parentheses in the table, for the 16-year-olds only The differences
must be judged in the hght of this number.

But in spite of this reservation, several interesting obscrvations on the
differences can be made. The pattern remains the same for all the populations.
girls score hugher on aspects oriented towards care and other people, boys score
higher on aspects that are ego-oriented and related to their own personal benefit.
We also note that the differences increase with age.

The last group in the table 1s particularly interesting, since 1t consists of
‘science specralists’, that is, students who have elected science options. A
frequently heard argument is that girls who choose male-dommated fields
of study have to develop the same sct of values and prioritics as therr male
competitors, maybe even more than the men do. The results for the last group
show cxactly the opposite of that assertion. the differences between girls and
boys are larger for this group than for any other group of pupils! Since the
future screntists and technologists are recruited from this group, it gives strong
support to the claim that women in science would have different priorities in
tharr daily decisions This result is i agrcement with Imsen’s (1987)
personahity- oriented studies presented above.
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Figure 1: Person-orientation and Subject choice

] For pupils 'eaving upper secondary school
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In the above presentation, we have pooled all ‘scientists’. Let us now take a
closer look at possible differences between the vartous ‘kinds” of scicntists 1n
the population of 19-year-olds. A simple index of ‘person-orientation’ was
calculated for cach sub-population based on the addition of the score on the
two questions. ‘work with people instead of things’ and ‘help other people’.
The sum was normalized to range from 0 to 1, the standard crror for cach
sub-population was typically 0.02, and the differences between girls and boys
are significant to <0.1 per cent. These indices are plotted in figure 1. The
results are in hne with what other rescarchers have found (Smuthers and
Collings, 1981). scientists are in general less person-ortented than non-
scientists, physicists less than biologists. Within cach group, girls are more
person-oriented than boys. Our data also show that the least person-oriented
group of gurls (physics girls) is more person-oriented than the most person-oriented
group of boys.

It 15 also mteresting to note that biology students scem to be very similar
to most other (non-science) students.

Let us now hink this index of person-orientation to the future plans of the
students. Figure 2 plots the mdex of person-orientation for groups of science
students expressing different plans for their future. All differences between
girls and boys are statistically significant to <0.1 per cent. We see here that
medicine ts an attractive field of study for students who are oriented towards
other people. Students choosing scienceftechnology have a very sinall index of
person-orientation. In cach group, girls are more person-oriented than the
boys, although the difference between the different ficlds of study is greater
than between the sexes.

Other Norwegian data give siular results, Elin Kvande has mterviewed
students who have recently completed their education as civil engineers
(Kvande, 1984, a summary published in GASAT II, 1983) She has found that
the female enginceers are motivated to find jobs where their education could be
used to the benefit of society and other people. while the male engineers are
more onented tow ards their ow n success. lmgh salary, prestige and status. This
study agam shows that girls may go through a strongly male-dominated
education with therr feminine values and prioritics mtact.

Sex Differences in Educational Choices
The SISS project showed that 16 per cent of the total population of
17— 18-ycar-olds chosc to spectalize i scientific school subjects in 1983-1984.
Of these 43 per cent were girls, and this would scem to suggest that we have a
ligh female percentage of science entrants i Norwcgian upper sccondary

schools. But the picture changes if we lock closer at their choice of subjects.
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Between two and three imes as many boys as girls chose mathematics and
physics. The girls would rather choose biology and chemistry. But, as
indicated carlier, the combination physics and mathematics 1s the only one
which qualifies for entrance to advanced technological studics (as well as to
more biology-oricnted studies like medicine, pharmacy, veterinary medicine
and agricultural science) Many girls make choices that preclude entrance to
such studies. Indeed, it has been suggested that curricular options merely
amplify the disparity between boys and girls (Skog, 1983).

In a study conducted among 1884 students in the first year of upper
secondary school in 1986, it was found that achievement level 1n science affects
boys and girls differently m their subsequent choice of subjects. Among
students achieving average marks, the probability that a boy will specialize n
science is twice the probability that a girl will (Skog, 1986). This cmphasizes
our point that factors other than those of ability and achievement are crucial to
understanding the process of educational choice.

At the Norweglan Institute of Technology, the proportion of female
students is about 28 per cent. There was a steady increase in the female
propottion during the 1970s and carly 1980s. During the last few years,
however, the increase scems to have peaked or even reversed. It should
also be noticed that the percentage of women differs markedly as to kinds of
course of study. The hghest percentages of women are 1n chemistry and
architecture; the lowest are in offshore and machme engineering and 1n
computer science.

The Image of Science and the Scientist
A Range of Influences

Students learn about science from many differcnt sources During tlus process,
they gradually develop an :dea abou- what science 1s ‘really” all about and how
scientists are as persons. This image of science 1s probably more stable than the
facts and laws students learn m their school lessons.

An mmage of science 1s projected in a mostly covert and impheit way, as
a cumulative result of various intluences at school. textbooks, teachers'
behaviour and personahities (including the sex of the science teacher) Images of
scaence are also developed through out-of-school mfiuences. cartoons, fiction
books, television series, mass media news coverage, cte In many cases, the
scientist 1s presented as an old, absent-nmunded professor (always male), scaled
off from the rest of the world i hus laboratory, where he mveats strange
chemicals or bombs thuat may blow the whole world to preces. "The crazy male
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scientist’ 15 a nearly mythological figure, kept alive even in children’s science
programs on television.

The process of learning about science may be an exampie of the
‘genderization of science’. The influences mentioned all carty the message that
science is linked to the process of becoming masculine for boys but not to the
process of becoming femunine for girls

The (Lack of) Context of School Science

School science has a particular responsibulity to convey a picture of the nature
of saence. This is done by selection of course material; certain topics are
included, other topics are not included The particular context in which science
is presented is also important. (Lack of context is indeed also a particuiar
context!) Ziman (1980) is hard 1n his criticism in his book, Teaching and Learn-
ing about Science and Society:

There is one charactenstic of science education above all others ...: 1t 1s
carried out as if the historical, philosophical, sociological and cco-
nomic aspects of life were quite non-cxistent, and unworthy of the
slightest attention by a serious teacher. Their neglect conveys to the
student images of science, images of the scientist, and images of the
role of science in society which are damaging to science, to scientists
and to society itsclf. (p. 30)

We would like to add to Ziman’s hst that this image 15 damagng also to the
recruitment of girls to the sciences.

The image of science to be found in textbooks is still often based on an
outdated philosophy of science, where science 1s presented as a pure and logical
exerase, performed by dismterested, detached, neutral and objective observers
who patiently put stone on stone to build an everlasting cathedral of
permanent truth The implicit purpose of science 1s to understand nature n
order to control, mampulate and domumate, aspects that often are said to be
masculine or patriarchal. Science 15 seen in isolation from political, rehgious,
ideological and other human confhcts.

Such an nmage may have a strong appeal to orderly minds who do not
want to get involved in 1ssues of value, confhet and human mvolvement, and
vice versa' this image of science scares away pupils with different personal
priorities — mainly girls, but also many boys.

The somewhat canicatured 1mage of science given above does not enierge
from textbook analysis alone, there are many empincal studies to support 1.
Let us give two concrete examples from our own studics.
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‘The typical physicist’
University students from different faculues were presented with a hist of
different personal traits. They were asked to indicate on a scale whether ‘the
typical physicist or physics stadent” was more or less than average on these
traits (Lie and Syeberg, 1984, p. 59). The following ‘personality profile’ of the
physicist emerged:

THE PHYSICIST

YES More than average NO Less thar. average
for the following traits for the following traits

Logical Artistic

Inteiligent Interested in people

Determined Poliically engaged

Objective Extrovert
Imaginative
Responsible

When we compare this image of the physicist with the self-concept of girls and
with their important priorities for choice of occupation, we sec that the 1mage
of the physicist is nearly the negation of what girls value,

Tite humane biologist and the inhuman physicist

In the Norwegian SISS study referred to carlier (Sjeberg, 1986), students arc
presented with several pairs of attribute words with opposite meaning on cach
stde of a 5-point scale. The paired attributes used were. carcless-accurate,
stupid-intelligent, lazy-industrious, unimaginative-imagiative, sclfish-caring,
closed-open, boring-exciting, unarustic-artistic. The students were asked to
usc these scales to describe two different sorts of scientific researcher in the
ficlds of ‘physics or technology’ and ‘biology or medicine’.

The overall picture that emerged 1s that girls and boys differ very little in
their perception of the typical scienust Also worthy of note is the fact that the
different populations of pupils in general have the same impression. rather
young students in the obligatory school have the same conception of the
scientist as the 19-year-old science specialist.

The average values (which may lic between + 1 and - 1 with 0 as neutral)
for the image of these two sorts of scientists as percetved by the 19-year-old
student are plotted in figure 3. The hist of attributes was sorted using the values
for the second scienust as critcrion. Only the ‘positive’ word 1n the attribute
scales is shown 1n the figure and a posiuve value corresponds to a ‘positive’
attribute Fagure 3 mdicates that the two types of rescarchers are considered
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Figure 3: The attributes of scientists as persons in the fields
of ‘physics/technology’ and ‘biology/medicine’ as perceived
by 19-year-old science students
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equal on some qualities, different on others. Both the biologist and the
physicist are considered to be very accurate and intelhigent, with the physicist a
little in front. (This was particulatly the case m the eyes of girls.) Both are also
industrious. Both types arc also rather imagmauve, the biologist more than the
physicist.

On the remaining qualitics the biologist came out more positive than the
physiaist the biologis. as caring, the physicst as selfish, the biologist as open,
the physicist as closed; the physicist was also considered as boring and
unarustic, while the biologist was considered to be ‘neutral” on these craits.

Altogether, the image of the physiast is far from flattering. For most girls
(and certainly also for many boys), it is expected that this image will be
unattractive: on the one hand, the cool, rational intellect, on the other hand,
the lack of warmth, care and human characteristics that we have scen are part
of the girls’ culture.

Faced with this empincally documented mmage of the physicist, two
possibilities exist:

1 The impression ts false, physicsts are not like that!
2 The impression is correct, this is exactly how physicists are!

In the first case, saience educators have a problem. how can false
impressions like this be developed, even among ‘science speciahists’ at school?
And how can we change this stereotyped image?

In the second case, society at large has a problem is 1t not frightenmg that
people with these personalities shall hold positions with great influence and
power, so central for the shaping of the future society?

We will not try to argue for a decision between those two possibihities but
will indicate that we may have a vicious circle. That 1s, the unage of science 1s
likely to have a great influence on the recruttiment of future scienusts, and since
girls arc more person-oriented, 1t is hkely that this image will have speaial
significance for their choices. Persons who feel nncomfortable with the cold
and mtellectual image of physics are not likely to choose 1t as a career Hence,
we may recrnt future scientists that correspond to this widespread stereotype,
the hypothesis may be self-fulfilling.

Strategies for Change
Two Dimensions
It may be fruitful to have two different dimensions i mimd when one considers

strategies for change One dimension concerns the spectficity of the problem and
goes from general measures to subject-spedific measures as mdicated carher.
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The other dimension concerns the e scale of the suggested strategies This of
course ranges from short to long periods of ume The two dimenstons are
indicated below.

Long

General - i Subject-speatfic

Short
ume scale

This representation is only meant to be an analy ucal tool, and bo.h dimensions
are continuous scales rather than dichotonues. As science educators, our mam
nterest will, how ever, mostly be on the ‘right side” of the diagram. This does
not of course mean that the general measures arce less important. It 1s also true
that some of the general measures acquire spectal meanings when apphed to
specific ficlds. This 1s, for mstance, the case with the 1dea of gender culture,
which is a gencral concept that acquires more specific meamng when apphied to
science education.

In the followmg discussion of measures, we will have the above dimen-
sions m nund.

Classroom Behaviows and Organization

Classroom behaviour and different ways of orgamizing the (lassroom are to a
certam extent decided by the individuai teachers Things may change rather
quickly without large changes  available material resources if the teacher
decides to do so (but the process of changmg teachers 1s certamly not a quick
one).

Science teachers not only teach the content of science. As for other
teachers, they communicate a hidden carriculum about the nature of thar
subject, they teach about suctal relartonships, they function as role models, ete
It is very mmportant that science teachers sce themselves i such a wide
perspective. In particular, they should be aware of the different gender cultures
and the psychological factors that operate i a clasroom. They should consider
cquality between the sexes also as ther problem as science teachers

It 15 usually not a part of the “cultare” of science teachers to look at thar
role from this perspective, In order to develop this perspective, 1t needs to be
an integral part of science teacher education as well as of m-service courscs.

In daily behaviour, 1t is important that the teachers give girls the same
amount as well as quality of attenuon that they do boys and that they show
that they hold similar expectations of girls and boys. Any hind of sexism,
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also in the form of ‘jokes', sitould of course be avoided. Many case studies give
good examples of how the ‘non-sexist’ classroom may function (Kahle, 1985)

Girls’ possibihities in science-related careers should be given attention m all
forms of career advice and other forms of counselling, whether this 1s done by
ordmary teachers or specifically trained personnel. In any case, the science
teacher 1s likely to have some influence m this area through the daily teaching
practices It 1s important to give support to girls who show interests and
abilitics in the sciences A corollary to this 1s that teachers should be more
sceptical with many of the boys who choose the sciences more out of male
tradition than out of interest and aputude. Maybe more boys thereby could
find their way mto important jobs related to care, areas that m most countries
are totally dominated by womer.

Different ways of orgamzing the science classroom may be effective
m mcreasmg the number of girls m science. The 1ssues of ‘single sex”
versus mixed classrooms are discussed by many aathors, for mstance m the
GASAT reports It is, however, not possible to give umversal advice on ‘the
best” way to do so from the empirical evidence that exists. Besides, schoolng
may have different aims that may conflict with cach other. A separation of
pupils by sex may be mstrumental 1n mereasing the number of girls who
choose science, but may have other negative effects that may be considered
more serious. In cach particular context, the teacher should, however, be
sensitive to possible unwanted cffects of different orgamzational settings.

If scarce material resources are available for laboratory work, 1t 1s
particularly important not to allow one group to make use of these to therr
own benefit. In situations of ‘freedom’, the result 1s too often that boys end up
using the equipment while girls end up as ‘secretaries’; taking notes. In any
case, teacher behaviour and classroom orgamzation should encourage girls to
take part m all actvines, and counteract possible domunation by boys. The
ways to accomphish this will vary from one cducational sctting to another

Curricular Changes

In some countries, curricular changes come about by government decisions.
Although it may involve a long pohtical struggle to change official pohcics. the
changes come quickly when the central decisions have been made. Norway 1s a
country with such a centralized school system. The considerations that wall be
mentioned i the following are to a large degree offical policy m a curncular
reform that is currently bemyg mtroduced.

Science should be part of the curnculuin from an carly age. Young girls
and boys have a natural curiosity that should be exploited and developed
through suence m schools. But more necds to be said about what kind of
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science that pupils should meet in schools, since research evidence shows that
school science has a tendency to destroy the mnterest in science nstead of
nursing it. Empirical evidence, of the kind that we have given in previous
sections, gives indications about what a ‘girl-friendly” science nught look like.
It 1s important to stress that ‘girl-friendly’ science is probably a better science
for all pupils and for Norw ay as well as for most other countries and also more
in line with the officially stated aims of science education.

Let us briefly describe what such a science might look like. First of all, 1t 1
important that one removes all kinds of sexism from curricula and textbooks.
This means that iliustrations and examples must show both sexes 1 active
situations and balanced with respect to frequency of presentation. When
theoretical ideas are shown tn practical use, 1t is important to look for examples
that arc based on girls’ experiences and appeal to their interests.

But curricular changes must go deeper than just replacing boys with girls
and trading onc example with another. It 1s urgent to look at the organizing
principles of the course matenal, and 1t 1s important to examine he context 1n
which the matenal is presented. Let us refer to the discussion of this in our new
curriculum.

The same content of science might be approached from different angles.
The starting point as well as the end point are mmportant for the pupils
motivaron to work with the material. Our evidence shows that orgamization
based on personal relevance 1s important, espeaally for girls, for example, the
physical senses and the human body, the use of science to improve hfc for
oursclves and other people.

Any curriculum operates in a context. Empirical evidence suggests that
this is especially important to girls. Lack of a context also may be perceived asa
particular context by pupils; that is, science will then be understood as
something remote from real life both on the personal and the socictal level.
School science should be presented m the same context as ‘real science’
that is as an important tool for the shaping of destunics for people and
nations and as potentially both good and evil, depending on how it 1s
controlled. Therefore, examples of both posttive and negative uses should be
presented. Our new curniculum stresses that both saence and techinology are
constructed by people with different interests and values. Science should be
presented as any other kind of human activity, not merely as a pure and logical
scarch for objective truth and eternal wisdom.

Finally, 1t would be an unportant achievement if school scicnce could be
what ‘real science” often is: fun, full of aesthetics, enjoyment and ntellectual
stimulation.

The considerations above nught be casier to fulfil 1n schools hike those n
Norway, where science 1s taught as an “integrated’ subject, since real examples
scldom follow the boundaries of scentific knowledge. But this 15 not an
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absolute requirement, there are also good examples of separate sciences based
ori personal relevance and social apphications, for mstance the Dutch physics
project, PLON (sce chapter 14)

As mentioned, considerations like the ones above have been the founda-
tron of recent curricular revisions in Norway. Equahity betwcen the sexes has
even been put up as one of the main aims of science education. It 1s, however, a
long way from an official curriculum to real classroom changes. But a good
curriculum will, of course, help the process. A project that aims at converting
the new curriculum into classroom practice has been ininated by the Nor-
wegian Ministry of Education (Jorde and Lea, 1987).

Fewer Options — Later Choices
I

In many countries, the educational system 1 :quires specialization at an carly
age. Choices that later turn out to have important implications are made at a
stage when pupils often are unaware of the consequences. Choices are
frequently made at an age w hen the pupils are very sensitive to gender identity.
These factors exert a pressure on both girls and boys to act according to
traditions, according to the expectations held by the girls” and boys’ culture.
Hence, the notion of a “free” choice 1s questionable under such pressures.

Even school systems that are labelled comprehensive and based on a
common currniculum have ‘options” at a rather carly age Empirical evidence
above showed that these options remnforce the traditional gender-based
divisions of society.

In many countries, an accepted and officrally stated aim of the school 1s to
counteract choices based on gender traditions found in society. If this 15 to be
taken seriously, it may indicate a strategy of *forced choices’, where curricular
options are dehberately used to bridge the gap in experiences between girls and
boys.

Givls Need Science — Sdietce Needs Girls!

This double assertion has been the basis of il that 1s said m thus chapter. The first
part of 1t 1s sclf-evident, girls and women hove much to gam if they get aceess
to careers in science and technology. They may gain both on « personal level
(carcer opportumitics, well paid and interesting jobs) and as a group (access to
power and socictal mfluence).

But the sccond part of the assertion 1s cqualiy important. girls and women
do have asignificant contribution to make to the development and use of science
and technology 1tself We have used the concept of gender culture as an
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underlying theorcucal concept We have shown that the female culeure |
involves a perspective of care and responsibiiny for other people. This
perspective is hkely to manifest itself in action 1if more women are mvolved m
science. This may give the scientific communities a stronger orlentation
towards cthical responsibility and the use of technology for constructive
purposes and to the benefit of underprivileged groups and generations to
come. This 1s certainly a development that 1s needed 1n the world today.
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Gender and Science Education II

Jane Butler Kahle

Introduction

For several years | have pondered a puzzle, well known to educators and
scientists alike, which has some preces clearly in place Those pieces, labeled
role models, ability, relevance, mterest, anxiety and carcers, only partially
complete the puzzle. They only partially answer the questions. Why do so few
girls enrol 1 optional science courses and clect scientific and technological
carcers? Why do women, compared with men, m scientific and technological
jobs have lower rates of success and promotion? Recently, | have begun to
collect other pieces of the puzzie which may allow us to complete it. The new
picces, gathered from international projects, research, and perspectives, are
labeled: skills, image, experience, stercotypes, and wstructional style. Along
with others, I began to focus on the popular image of science, to analyze 1t, and
to cxanune its effect on girls in school and on women n science.

The Image of Science
Scienice and Saentists Are Masculme
The words of our students portray vividly and clearly ¢ . popular, and

accepted, image of science. Constder the following examples

A 15-ycar-old gul i America says: "Men are scientists. It 1s a
mascuhne job carcer, women don’t go mto 1t because bemng a saentist

will make them look bad.” (Kahle, 1983)

A compostte preture of a saentst, developed froam student drawimgs m
Britamn, suggests that a saaentist 1s *{a] man i wlite coat with a bald
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head and glasses, wrniting on a clipboard, standing m front of a bench
covered with apparatus.” (Weinreich-Haste, 1981)

A female preservice science teacher i Western Austraha remarks: ‘A
typical scientist . . actually could [be] the everyday average man. But
their [sic] ways of thinkmg would appear to me to [be] a lot more
broader. Broader in the sense of a question is bemg asked about
everything There 1s this continual attempt to find a new way,
something more mteresting, more mnovative. He does appear to mie m
some way crazy’ (Remmie, 1986)

A 15-ycar-old Austrahan girl paints a vivid picture, when she says: ‘A
scientist is totally involved m work. Therefore, they don't care about
appearance  [They] wear white coats, have beards — “cause they're
men. They just scem to care only about their science work. .. They
don’t care about meals Somedays they starve themselves, They walk
around with their science brain all day, and they've got their laborato-
ries’. (Kahle, 1986)

These verbal images are dramaucally reinforced by the visual ones which
students and teacher tramees sketch when asked to ‘Draw-a-scientist’ For
example, a collection of over 170 drawings by Austrahan school chuldren
clearly portray scienusts as white males (92 per cent), dressed i laboratory
coats (63 per cent), and wearing glasses (86 per cent). Sinlarly, American
I5-year-olds studymg biology most frequently draw male scientists. Mason
(1986) and Gardner (1986) collected drawings from over 450 American
biology students as part of two projects, decigned to encourage girls to take
optional science courses Approximatcly 88 per cent of the students m the
control classes drew male scientists, w hile only 73 per cent of the students,
mvolved in one of the three mterventions, drew men Smilar results have been
obtained m New Zealand and Norw ay Eighty-seven per cent of the drawmgs
by carly adolescents (ages 12 and 13) in New Zealand are of men, while 80 per
cent of the drawings of 10-year-old Norwegian children portray a male
scientist Internationally, at least i a range of countries, a saentist 1s visuahzed
as a whate, near-sighted male who has httle regard for s personal ap, arance

Not only students but also teachers hold stercotypie mages of scientists.
Renmie’s (1986) analysis of seventy-nine drawings of scientists by Austrahan
teacher tramees in their last year of preparation yielded the following picture. a
white male (82 per cent) with ‘unruly’ hair (58 per cent) who wears a lab coat
(57 per cent) end holds test tubes (56 per cent). When Renmie tried to describe
the nature of the scientsts drawn, she classified 51 per cent as loohing
“somewhat unusual,’ 21 per cent as appearmg ‘defimeely crazy’, 16 per cent as
looking “puzzled’ and oniy 12 per cent as seeming ‘ordinary”,
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The 1mages of saentsts drawn by both children and te.chers are not
unusual, and they match the results found thirty years ago by Mead and
Metreaux (1957), Chambers (1983) and Schibear (1986). Furthermore, the
mmage of a scientist, revealed by the words and drawmgs of our students, 15 not
only male (i.c, a man scientist). but also it embodies traits associated with
masculimty such as bemg cold, hard. unemotional, tenacious, logical and
analyuical.

Today, in the minds of our students and n the perceptions of thar
teachers, science 1s masculme. Indeed. the scienust has replaced the conboy m
the adolescent’s imagmaton as the hero. or anti-hero, who 1s fearless, strong
and lone. It 1s futile to argue that because that image nught be largely derived
from the media — television, movies, and ady ertisements — we are helpless
to change 1t. There 1s a wealth of evidence to support the contention that,
regardless of how, when, and where the masculine image of science evolved,
schools and umversitics, teachers and professors, sustain it In fact, gender 1s
recontextualized within schools so that ‘the notion of appropriate behaviour
for cach sex {is] converted mto appropriate academic disciphnes’ (MacDonald,
1980). Once a subject has acquired a gender status, m this case. masculine,
partictpation 1 1t 1s seen to reiforce a boy's masculmuty and to dmmmsh a
girl's fenmmmity. The reverse 1s obviously true for subjects stercotyped as
feminine such as French or typmg.

Within the saiences, we find a shading of images, for example, students
rate physics as more masculne than chenustry, which 1s follow ed by biology
Lesley Parker {1985) has said that ‘most acadenue disciphnes tend to be defined
m terms of what males are good at. Saence 15 no exception. To many people.
real science means so-called hard science’ (p 16) This distinction permeates the
thinking of many, includimg some saence teachers, one of whom rephed to a
query about differential enrolment patterns m science for Western Austrahan
students by saymg ‘Real students take physics and chenustry ™ (Kahle, 1986)
Garratt (1986) cxplans the dichotomy n the following way.

Biology 1s perhaps perceived as being relevant to girls of all bihities,
but only appropriate for boys of average ability. Conversely, physics
may be seen as sintable for a broad ability band of boys. but only for
girls of lmgh ability. (p. 68)

The perception that phy sical saenee s tough, hard and analy tical Teads to 1ty
more masculime 1mage. an mage that 15 reflected moteacher and student
participation patterns.

What, then, 1s the relationship of the estabhished and cvident image of
science with gender and saence cducation? Image 1s related to miagmation,
therefore, the mage of saence or of saentists may be maccurate and fandiful
Furthermore, the immage of saence as masculine has developed wath respect to
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the practice of science, not science education (Kelly, 1983). Gender, according
to Evelyn Fox Keller (1986), 1s .. what a culture makes of sex — 1t 1s the
cultural transformation of niale and female mfants mto adult men and women’
(p 122) A consideration of gender and science education, therefore, provides
an opportunity to re-examime the acculturation of both boys and girls within
the context of learning science m schools It 1s to be hoped that, as teachers and
scientists, we may find ways to mfuse science education with an accurate and
ncutral image.

Perpetuating the Masculine Image

What is the effect of the masculine image of science on science education?
Ahson Kelly mamtains that ‘the masculinity of scrence 15 often ... the prime
reason that girls tend to avoid the subject at school.” Furthermore, she suggests
that “schools could play a transformative, rather than a reproductive role, m
the formation of gender identities’ (Kelly, 1985, p 133). Science education,
therefore, could affect the roles and opportunitics which are culturally assigned
to boys and girls.

Accordmg to Kelly (ihid ), there are at least four distinct senses m which
science s mascuhne.

I In terms of numbers: that 1s, who studies science at school, who

teaches precollege and college science, and who are recogmzed as

scienusts (national acadennes, Nobel Laurcates, fellowships and

research grants, ctc.).

In terms of packaging, that 1s. the way science 1s presented, the

curricula and mstructional techmques, the apphcations  and

examples as well as the texts and other puohshed materals

3 In terms of practice, that 1s, classroom behaviors and mteractions
meluding teaher expectancies, sex role stercotyping, student-
teacher mteracuons and student-student mteractions.

4 In terms of hiological differences, that 1s, genetic or hormonal factors.

o

Smee biological differences are largely hypothetical. have been analyzed
clsewhere (Kahle, m press), and cannot be directly affected by schools, let us
exanune the first three pomts That 1s, how do the smmbers, packagimg and
practice of science education today remnforce both saience’s masculine image
and enhance gender difficrences” And, how can saence education tomorrow
contribute to a neutral image and reduce gender differences?
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Who does science?

The number of boys and girls who study science and of men and women who
practisc science contributes to its masculine image. In one sense, the media’s
image of a white male scientist accurately reflects the situation, there are more
men scientists and they have higher status.

In primary cducation where the great majority of teachers are usually
women, the real issue hes behind the overt numbers of students and teachers
and in the covert ways in which boys and girls experience science. We have
found that boys and girls bring different science experiences to school and that
n school they receive very different science educations. From England (Smail,
1985), the US (Kahle and Lakes, 1983) and Austraha (Parker and Rennie,
1986), there 1s clear documentation that fewer girls than boys handle science
cquipment, perform science expermments, or partiapate tn science-related
activities The different experiences and interests i science that boys and girls
bring to primary school science are perpetuated by the schools. The ‘numbers
game’ m primary school 1s a subtle one. Equal numbers of girls and boys sit
through science lessons, but they participate in them in unequal ways.

The image of science and science courses becomes more masculine m
sccondary school where the numbers of boys taking science and of men
teaching science increase. In the US only 24 per cent of sccondary school
science teachers are women and it can be safely said that most of them teach
biology. In the UK women comprise only 16 per cent of the teachers of
chenustry and physics but 30 per cent of secondary biology teachers. In
Western Australia women fill 75 per cent of the biology (including human
biology) teaching positions, 54 per cent of general science ones, but only 8.6
per cent of chienustry, physics and physical science positions combined.

The ratto of male to female teachers 1s also clearly reflected 1n the ratio of
students enrolled m various courses In England boys constitute 70-80 per
cent of all examination entries 1 physics, 60 per cent of all candidates m
chemustry, but only 30-40 per cent of the biology exanunees (Kelly. 1985). In
the US the pattern 1s simlar. Although virtually all hugh school students take
biology, which functions as a required, mtroductory scicnee course, only 30
per cent of high school girls, compared to 39 per cent of boys, take chenustry,
physics, taken by 26 per cent of all lugh school boys, 1s studied by only 14 per
cent of Ame.ican girls. Enrolment data in Western Australia reveal a smunlar
pattern. The percentage of girls tahing the Tertary Entrance Exammation
(TEE) m sacnce reflects therr enrollments. In Western Australia girls con-
stitute 72 per cent of all students taking the TEE in human brology, 38 per cent
m biology, 38 per cent m chenustry and 28 per cent i physies Hildebrand
(1987) reports that although the proporton of girls who completc year 12 m
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Victoria has nsen to 57 per cent, girls composed only 25 per cent of the physics
and 40 per cent of the chemistry candidates. The numbers, whether of students
or of teachers, suggest that science, particularly physical science, 1s masculine.

In terms of numbers, 30 per cent of college-bound high school senior
women, compared to 50 per cent of high school senior men, intend to study
science and engineering in college in the Umted States (NSF, 1986). In the UK
the following male to female ratios were found for umiversity exanunation
eutries in 1983: mathematics 3. 1, chemistry 2:1 and physics 4: 1. National
data in Australia also suggest that, while women arc entening tertiary courses
related to biology, few are found 1n ones requiring physics. The percentages of
women enrolled nationally by specific science faculties are: 33 per cent n
science, 40 per cent in medicine, 30 per cent in dentistry, but only 7.5 per cent
in engineering.

Among tertary staff, the proportion of women to men decreases as
academic rank increascs. In the US, for example, women are twice as lhikely as
men to be hired 1n non-tenure track positions (Hormg, 1987). Dafferences in
promotion rates for men and women scientists in academia endure even when
they are matched by type of institution, age and degree. A fascinating study of
British radio astronomers has concluded that there 1s no evidence that the
divergent carcer paths of women and men are the result of differences in
scientific ability, yet differences in favor of the men existed for cach matched
parr (Irvine and Martin, 1986). As the authors say, ‘carly promuse gives way to
the frustration of unfulfilling jobs and any mmital brilhance fad. s into obscunty
much in the manner of a shooting star’ (p. 98).

In industry as well as academia the numbers who do science and who
arc recogmzed as scientists favor males Although Rossiter (1982) describes
opportunitics the government Iustorically provided for the employ ment of US
women srientists, Vetter (1987) portrays a different situation today. Although
the numbers of women scientists and engineers have remamned stable, therr
average avil-service grade and, therefore, salary are below those of men in the
same fields. '

Both Vetter (ibrd ) and Zucherman (1987) have exanuned the numbers of
women m relation to aw ards and recognition m scicnee. Zucherman postulates
that there are no great differences m rewards for men and women scientists,
saying that *  most have recaved few or none’ (p. 142). She explams that
women only constitute 2-3 per cent of the major acadennes and 2 per cent of
Nobel Laurcates because they are sparsely represented among full professors m
major rescarch umversitics > However, Zuckerman ignores the differences
numbers of men and women who recave carly 1ecogmtion by fellow ships
recerved or by proposals funded Such carly row ards dlearly affect future Cireer
opportumtics (Long. 1987) Matyas (1985) and Vandery oort (1985), respect-
wvely, address two other types of awards — doctoral or postdoctoral fel-
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lowships, and role and status in professional associations. During doctoral
studies, US women, compared with men, hold fewer National Science
Foundation or other federal fellowships. In comparison with men, women
students are more likely to support themselves (45 per cent female. 30 per cent
male) and are less likely to hold umversity rescarch assistantships (12 per cent
female: 22 per cent male). Comparable numbers of men and women doctoral
students hold teaching assistantships (approximately 20 per cent). Vandervoort
reports that few US women hold offices in professional associations. However,
the numbers and activities of women in various scientific socictics vary
considerably.

There are clear indications that science education has not reversed the
numbers game. For cxample, rescarchers in Norway complam that female
enrolment in tertiary engineering courses is effectively capped by the number
of secondary girls (33 per cent) who clect physics at school. In the US Vetter
(1987) reports that female enrolments in science and engincering majors
peaked in 1984 and are slowly eroding.® A national study of US high school
students, High School and Beyond, indicates that only 14 per cent of girls,
compared with 40 per cent of boys, chose science majors n college. The effect
of the numbers who do science cannot be underestimated. A study of 627 men
and women science and engineering students at Stanford Umversity concludes
that ‘.. When women were present in the largest number (medicine and
biological sciences), the women surveyed demonstrated the least amount of self
doubt and reticence to assert themsclves’ (AAC, 1986). Clearly, the actual
numbers of men who do science, who teach science and who are recogmzed as
scientists contribute to its masculine umage today.

How 1s science packaged?

Texts, published materals, posters, hibrary books, examples and exemplars all
portray more male scienuists and incorporate more of thar work. Duce to
publisher guidelines, US textbooks now have 50 per cent of all illustrations
and diagrams showing females and 17 per cent depicting blacks However,
those cosmetic changes mask the lack of substantive ones. For example, m the
1985 ediuns of two popular high school biology texts, between 75 per cent
and 98 per cent of the ated scientific work described the contributions of
men, while women's work was cited between 2 per cent and 4 per cent. Kerrie
Mullins-Gunst’s (1985) thorough analysis of thirty-nine chenustry books m
Austraha shows that only cighteen of the 140 (12.9 per cent) identifiable
images m the six most commoniy-used books are female Furthermore, she
explains that only five of the aghteen women are pictured without men
present and that none of the siv books contamed an illustration of a female
chenust from history. She relates that female images are *deprcted walkimg
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around, calling, showering, watching a waterfall, collecting alummmum cans,
filling a car with petrol, wearing mascara or as nurses’ ‘pp. 218-19). Perhaps
the worst indictment from this study is that, m the more recent editions,
pictures of women h. e been replaced by pictures of rachinery.

Overall, science texts contribute to science’s masculine imege. As a physics
lecturer at Macquarie University, New South Wales, cxplains, *The masculine
mage of physics has been created in part by school and unversity textbooks in
which only men appear n illustrations and words such as her, hers, and sie
don’t get a mention’ (Fricdlander, 1986). The relationship of packagmg and
practice 1s discussed by Whyte (1986), who says:

Bias 1in textbooks, and the lack of a motivatng socal context are thus
two of the criticisms of the way the content of science 1gnores or
bypasses girls” intereste. The process of science teaching and learning s
also discouraging to girls. (p. 91).

How is classroom science practised?

It 1s whep we examine the practice of classroom science that we realize that
schools are reproductive, not transfornung agents, of gender differences and of
the masculine image of science Furthermore, it is 1n the practice ef science m
schools and classrooms that science education can have an effect. The practice
of science mvolves interaction patterns between students and teachers, expec-
tations of students by teachers, and sex-role stereotyping by students and
teachers as well as the style and manner of teachig  Recently, a great deal has
been written about classroom mteraction patterns. The masculine dentity of
saence 1s remforced by participation patterns n the classroom where boys
dominate discussions, equipment and teacher attention Indeed, the physical
space of the science laboratory 1s often pre-empted by boys. As Ahson Kelly
(1985) has sud:

The ordmary, everyday, taken-for-granted ways that boys behave
form a hnk between mascubinity and dominance m scence. These
behaviors are commonplace — so commonplace that they are virtually

mvisible. (p. 141)

The toughness, a key component of adolescent mase ulimty winch 1s demon-
strated by physical roughness on the playing ficld and verbal bravado m the
classroom. 15 dearly evident i science dassrooms In fact, Whyte (1986)
maintamns that *The maculization of science 1s forcefully underbned m the ways
boys succeed m turmng every aspoct of the learming process meo a macho
endeavour” (p 32) She artes example after cxample of boys ‘dommating
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discussions’ and ‘hogging resources’, while girls are left to ‘fetch and carry” n
the classrooms studied by GIST.*

In the US, clementary (pnimary) as well as secondary teachers on the
average mteract more with male than with female students in mathematics and
science lessons (Eccles, 1985, Sadker and Sadker, 1985, Webb, 1984) Accord-
ing to Leinhardt et al (1979), elementary-aged boys, compared to girls, recave
six more hours of onc-on-one mathematics instruction during one year. The
cumulative cffect of thirty-six additional hours of individual mstruction during
clementary school may help to account for the fact that boys™ achievement
levels in mathematics surpass those of girls’ by the end of those years Similarly,
study after study documents that girls and boys enter primary school with
equal interest m science but with unequal experiences in science (Kelly, 1985;
Kahle and Lakes, 1983, Iliams, 1285) By the ume girls graduate from high
school, they lag far bcinnd boys (on average) in science and mathematics
achievement.

Gurls’ lack of science experiences 1s exacerbated by differential teacher
behavior toward boys and girls. Ethnographic studies by Tobin and others
document that boys and girls do not recerve the same saence and mathematics
education. Boys arc asked more higher order cognitive questions than are girls
(Tobin and Garnett, 1986, Tobin and Gallagher, 1987) and boys arc urged to
‘try harder” when they do not succeed (Sadker and Sadker, 1985). Although
teachers give boys specific instructions for completing a problem, they may
show girls how to finish a task or do it for them. The subtle message for
students is that boys have the abihity to succeed in saence and mathematics but
that girls do not. A recent study suggests that this non-verbal message may
account for a large portion of the gender differences observed in science
achievement, for 1t causces girls to lose self-confidence n therr scientific abihty.
Lmn and her co-workers have exammed the use of the ' don’t know’ response
by students on content items of the 1976-77 National Assessment of
Educational Progress’ science survey They have found that 13- and 17-ycar-
old girls arc far more likely than boys to use the I don't know’ response,
espectally on physical science items or ttens with masculme references. In fact,
the study does not support traditional explanations such as better spatial abihty
or more positive suence atttudes for boys' superior performance on the
science items Instead, they report that gender-related differences m responses
are due to lack of confidence and to differences m prior instruction (Lmn et al |
1987)

Hildebrand (1987) cites studies swwhe h demonstrate that girls have fewer
verbal exchanges wath teachers, and Hyde (1986) reports that although one of
her purposes was to iterest girls m physics, recorded student-teacher meer-
action patterns i her classes show that she spent 82 per cent of her ume with
boys.
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When teachers are asked to idenufy scientifically talented or gifted
students, a cross-cultural patterit cmerges. Both Australian and American
teachers dentfy more boys. When observers record both the number and
duration of teachers’ interactions with the idenufied creative girls and boys,
they find that teachers interact twice as often with the boys and for longer
durations In England, Margaret Spear (1984) has analyzed the marking of
science papers attributed to 12-year-old boys and girls and has found that
more male and female science teachers give higher marks when the work 1s
attributed to a buy

More subtle wnd, therefore, more dangerous, is the possibthity that as
teachers learn to mouitor their verbal behavior patterns, they may continue
non-verbally to communicate differential expectations. For example, studies
document that teachers use the following strategies to mdicate anticipation
of a superior performance: leammg forward, looking mto cyes, nodding and
smiling The critical problem with differennal expectations 1s that they are
group-bascd; that 15, achicvement cxpectations become a function of one’s sex
and/or race Since students cannot change their sex and/or race, they accept the
achievement expectation as somcthing they cannot change. For cexample,
Rowell (1971) reports that teachers who expected girls to have problems
learimng physics had girls who achieved less well than boys did. However, no
achicvement differences were found between girls and boys who were enrolled
in physics classes taught by teachers who did not hold such views,

Sex-role stercotyping has become a new picce m the puzzle because our
focus on who holds sex-role stercotypes has changed. Prior to the GIST study,
1twas assunted that stereotypic views of femunine appropriate roles ifluenced
girls to avoid the physical sciences. The four-year Briush project, however,
documiented consistently that boys, from ages 11-14, held much stronger and
more stereotypie views of appropriate carcers for women than girls did.
Indeed, casual expressions of disbelief or of disapproval from their male peers
may be the most consistent and effective message girls receive concerng
appropriate behavior and interest. Boys” responses to an occupational sterco-
type mventory of thirty jobs indicated strong disapproval of ‘mascuhme’
activities for girls  Furthermore when boys and girls were asked to rate
theniselves on mascubine/femmne scales, the boys consistently  described
themselves as higher on the masculine scale and lower on the fenumme one.
Girls’ self-ratings. on the other hand, were niore moderate. Whyte (1986)
describes one cftect of sex-role stereotyping when she reports, ‘The cluet
barrier to girls opting for traditional *boys” crafts scerns to be the rear of bemg
uncomfortably visible m a nule dommated gre 7 (p. 146). That fear 1s
omnipotent as girls make their subject chotees, as they think about future
carcers, and as they separate out real from actual options

What 1s the effect of the . usculine mage of saence on students? Kclly
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et al’ (1984) concluded that adolescent girls who petceive science as masculme
performed less well m science. Smithers and Collings (i Johnston, 1986)
suggested that secondary school girls who contnue m physicai science were
generally less concerned with emphasizing therr femumnity and were less
influenced by their peers. Gardner's (1986) study of women university students
following three courses, all of which required high aputudes and interests m
science but cach of which varied in its gender image, revealed differences
among the three groups of studc nts. She asked w omen students m engmeering,
biology and nursing to complete a Personal Attributes Questionnaire on which
they rated themselves accerding to masculine and feminmine characteristics. She
found that only 18.5 per cent of the women engineers and 23 per cent of
women brologists, compared with 42 per cent of the nursing students, rated
themselves as typically femuimme. The majority of the engimeering and biology
female students (62 per cent and 64 per cent, respectively) sclected characteris-
tics which classificd them as cither masculine or androgynous. Those classif-
ications required high sclf-ratngs on characteristics such as sclf-confidence and
tenacity  However, Newton (1986) found that young women enrolled m
engincering courses in Britam stressed the fenmnme aspects of their per-
sonalitics, perhaps, m order to appear to be less different or unusual than
women in other courses The overwhelnungly masculine mimage of science
might affect a girl's personal image as well as her attutudes towards other
women 1 science. As Evelyn Fox Keller said, ‘I am ¢ven more ashamed to
admit that out of my desire to be taken seriously as a physiaist I was cager to
avoid identification with other female students who I felt could not be taken
scriously’ (AAC, 1982, p. &)

Changing the Image of Science
Affecting Practice and Package

Can the image of science be changed® Alterations m both the practistng and
packaging of sciences in schools can and will affect both its numbers and
image. For example, in primary schools do teachers:

praisc the loudest “pops” when children are making hydrogen or the
most beautiiul soap bubbles? These scemingly insigmificant chorees set
the tone of the lessons and ifluence the image of science presented to
the class as harmful or carmg (Smail; 1985, p. 30)

At all levels, do they enhance cquitable opportunities in science education?
That 1s. arc children allowed to call out answers? Are laboratory groups
structured so that all have opportumtics to ‘do saence® Are basic shills
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remforced? Do lessons incorporate tasks which develop spatial abilities®
Studies of teachers who are successful m encouraging girls suggest that the
way teachers practise science educanon makes a difference {Whyte, 1986;
Renme et al,, 1985; Kahle, 1985). In addition, positive practices may affect
career, or option, choices. The mfluence of successful US ngh school biology
teachers on the subsequent chowce of (ollege major by therr students was
assessed by Kahle (1983) When biology majors were asked to rank on a 1 to 5
scale (1 =very important to 5 =not applicable) various people who had
mfluenced therr decision to study brology in universitics, the followmg average
ratings were obtained high school biology teachar (1.74), father (1.95), mothe:
(2 32) and high school counsclor (3.58). Clearly, the practice of science can
affect who contmues to study science.

In 1981 Galton idenufied three teachig styles m science. problem solvers.,
which involves a lugh frequency of teacher questions and a low frequency of
pupil-initiated interactions, informers, which uses teacher dehvery of facts and
an mfrequent use of questions except to recall facts; and enquirers, which uses
pupil-imtiated and mamtained expermments as well as inferring, formulating,
and testing hypotheses Three major studies (Kahle, 1985, Whyte, 1986. and
Johnson and Murphy. 1986) support Galton's conclusion that grrls prefer the
third style of teaching; that s, the enquirers. Interestingly, 1t 1s the style most
often used in biology classes (often selected by girls). while the problem solver
style is more frequently used m physics (which few girls clect to study).

Kefly (1985) asserts that the two main mechamsms by which the
masculinity of science 1s constructed are boy-oriented curriculum packages and
male-domumated classroom interactions. Both the practice an.i packagmg
recontextualize the gender appropriateness of science education for boys.
Transforming socicty’s gender 1dentifications must mvolve both teachers and
schools. Judith Whyte explams the effect of school science, as practised today,
on girls’ attitudes, interests, and achievement levels.

The day-to- day experience of school science, its contents and teaching
methods, must have contributed to the neganve attitudes so generally
displayed, but were beyond the power of GIST to change. Sex typing
in subject choice is the outcome of complex processes m which girls’
motrs ations and aspirations are powerfully affected by the expecta-
tions of those around them. (Whyte, 1986, p. 246)

Affecting Gender and Image

One solution to the lack of garls i scaence. which has attracted attention and
some popularity m both England and Austcaha, 1s to foster simgle sex schools
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or, at least, smgle sex classes i mathematics and science i coeducational
schools. I do not think that this picce completes the puzzle. Science 1s not truly
masculine: that 1s, it 1s not cold, aloof, calculating, and 1solated Rather, it 15 a
social, cooperative endeavor. Science ts practised by both men and women, but
cffective collaboration may be mpossible 1if the more sex-role stercotyped
boys do not constantly and conunually see girls in a science context, learn to
share equally and cooperatively with girls 1n science classes, and accept as
ordinary girls’ achievement and enjoyment of mathematics and science. For
example, Kelly (1985), indced, has postulated that mamtaming gender
differantiation 1s not primarily due to teacher mteractions i schools, but rather
it is duc to the behavior of children themselves Separate, but supposcdly equal,
science classes will perpetuate rather than transform the stereotypic roles
society places on children. Whyte (1986) and others address the immediate
value of single sex classes ‘Smgle-sex grouping (classes) i mixed schools
scems to have a poswve influence on girls’ atutudes in science’ (p. 236).
Howcver, she reports that .. thie largest shift [in attitudes] was at Edgehill, a
school where no single-sea groupmg ook place’ (pp. 236-7;,. As a result,
Whyte concludes that a femunist spirit, 1.¢., a behef in the ability and aptitudes
of girls, imbuced nto mixed schools would solve the puzzle.

There 1s no doubt that soctety s responsible for both the masculine tmage
of science and the gender identification of girls and boys. However, schools are
responstble for reproducing and reinforcing both stereotypes. As Delamont
(1983) states, ‘... schools have been more conservative about sex roles than
cither homes or wider society’ (p. 242) Barriers to equitable science education
mclude conflicuing prioritics in the schools, structure of the cconomy, and
sex-role concept (Whyte, 1986) They also mclude the general ethos of schools,
the atttudes of teachers, particularly those m elementary schools, the ngid
sex-role stercotypes of boys and the prevalence of teachng patterns m
secondary schools which remforce male behaviors.

We know that the puzzle can be solved by individual teachers practising
certam behaviors and instructional strategies and rigidly demanding non-seaust
texts and instructional materals. Rescarchers, who have sought to idenafy
factors leadmg to excellent and equitable science cducation and who have
aalyzed curricula, teacher behaviors and classroom (limates, concur that an
ideal science classroom or currtculum equally benefies all students (both
boys and girls). A rescarcher in Colorado, after a six-month case study of a
science tedcher, noted for her success i motivating girls to contimue to study
science, summarized that prenuse in the following way:

1 think that rather than identifying a teacher who consciously encour-
ages females m saience, we have simply identificd a very good teacher,
whose talent, commitment, and rapport with her students combine to
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make the study of science an interesung and enjoyable endeavour.
(Kahle, 1983, p. 26)

Schools and teachers may play a transformung role, one wiich will allow all
students to view both science and scientists 1n a different way.

Notes

I According to Vetter (1987), women comprise 20 3 per cent of all federal chennsts
yet therr average salaries equal only 79 2 per cent of male federal chemists” salaries
Likewise, women nucrobiologists, working for the government (37 2 per cent of
the total), recerve average salaries which are 78.7 per cent of men's salanes. In civil
engineering, where women (4.4 per cent of the total) are younger than thair male
collcagucs, therr salaries average 73 9 per cent of men's salare s

The percentage of women i various acadumies of science are Deutsche Akademie

der Naturforscher Leopoldina (1982) — 2.1 per cent, National Academy of Suences

(1986) — 3.4 per cent, Academuc des Sciences (1982) — 2 3 per cent, Royal Society

of London (1982) — 3 2 per cent (Zuckerman, 1987, p 143).

3 Vetter (1987) notes that i the US bachelor dugrees awarded to w omen has e leveled
off, and that recent surveys of inconnng fresher women mdicate a conunuation of
that trend  She projects that m computer science and mathematics alone women
graduates could drop from a high of 22,400 m 1986 to about 9600 mn 1989.

4 GIST (Girls in Science and Technology) was a four-year project m a large
manufacturing arca mn the UK Alison Kelly and Judith Whyte, project directors,
carried out an ntervention program in ten comprehensive schools, involving
approximately 2000 children
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The Dilemma of Science, Technology and
Society Education

Joan Solomon

Development and Dilemma

The growth of STS m the school curriculum was no tidy and wll planned
affair It arose from avaricty of causes, most of which were unmpeachable m
purposc. And yet the subject ts often contentious both in 1ts nature and 1ts
mcthod It also highhights contradictions within science education aself. To
some extent all educational theory 1s bound to entertam controversy indeed 1t
may well be healthy for it to doso For STS the controversy — political as well
as cducational — 1s particularly sharp. Even fur the student who participates m
STS lessons there are tensions which attend other aspects of science to a much
shghter degree.

The first part of this chapter will trace some of the mam influences for the
mtroduction of STS courses 1 our schools. In s book Teacung and Learnung
about Science and Society (1980) Zuman adentified seven different possible
approaches to the teaching of an STS course at terttary level. All of these he
managed to justify as valid and acceptable m some important sense. Looking
back over recent history of STS at school level we find not just rationales
proposed by mnovating teachers but also riae external pressures of politics and
cducational theory mfluenang curriculum These forees contribueed. trom the
start, to somc mner confhets and dilemimas of purpose

The second part of the chapter wall concern the students’ reception of this
knowledge This will include classtoom strategies, gender preferences, motiy -
aton and combmation of the cognitive with the evaluative These are no casy
matters to explore, nor is there any great volume of research to draw upon But
in as far as STS courses deliberated; set out to engage and dev clop the meerests
of the students m arcas of great public womeeen, 1t has importance far beyond
the classroom or the exammation system,

The name STS for the whole genre of courses may be attributable to the
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mfluential collection of papers pubhshed under the name Sceence Technology and
Sociery by Spicgel-Rosing and Price i 1977, By this date there was a small bus
vigorous international scholarly movement in Science Stindies which exammed
the cconomic and political aspects of current science-based 1ssucs. as well as the
history, sociology and philosophy of science itself, In Europe as EASST, and
North America as 4S such assocnations continue their work but, with few
exceptions, there 1s precious heele contact between them and the varous
cducational groups which have sought to promote smmlar studies within
school. This schism has been much to the detrment of the latter. The majority
of school curriculum n-.*erials have been designed either by enthustastic and
sclf-taught teachers. or by professional industrialists and screntists w athout ths
science studies dimension to therr thinkimg On too many occasions this has
produced courses with an mtellectually flat, but content and evaluation rich,
approach

The Cultwral Approach

The claim of science to be an mtegral and important part of the general culture
1s often traced back to C.P Snow’s mfluential lecture on The Twe Cultures, This
gave visibility to a clam which had been growmg slow ly since the begmning
of the century and accelerating sharply <mce the Second World War. It was to
have two different effects on education. In Britain the clam was gradually
taken over by the science education commumty and vsed to argue that all
children should have some science m their school curriculum. at least up to the
age of 16.

But the kind of saence education on offer was also to be changed. In the
discussion paper of the Assoctation for Science Education Alternatives jor Science
Educaron (1979) and their later Lducation thiough Sacnce (1981) the cmphasts
was moved away from the kind of science education designed to prepare the
most able for a umversity degree m science, towards a saience for the atizen
The carhier paper proposed a whole year. at grade 8, entircly devoted to saence
and society In the USA the report to the National Science Foundation by
Hufstedler and Langenberg n 1982 shows a similar emphasts on developimg a
curriculum which would be more relevant to the commumty It was a period
when Amenican education had been suffermg from the Buck fo Basics mos ement
and this report heralded a backlash which warned that saence was dimmished
by bemg taughe in this way, and urged the mdusion of saentfic information
reiated to personal, societal and vocational problems The phrase ‘saentific
hteracy” began to be heard and 1t was clear that some measuie of real concern
about the pubhc understanding of science was bemg expressed The Nanonal
Science Foundation responded with recommendations for instruction on such

267




ERIC

Aruitoxt provided by Eic:

Joan Solomon

themes as energy and the environment which would range *from dnll and
practice to the stmulation of complex problem situations’

This comparatively modest movement towards relevance m science
education was just onc historical reaction to the growmg importance of science
m the curriculum  Another was more academie and cultural; it advocated 2
‘hberal studics i sciencd” approach to sccondary or tertiary level saence
education. Of the ‘science greats” course at Manchester Umversity, Jevoas
(1965) wrote,

The prease core 1s provided by physical science, and 1t 15 supple-
mented by the more open-ended treatment of science considered from
the ccononc. soctal, historical and phiiosophical points of view

The emphasis on the history and philosophy of science clams a kind of
contiuty of thought with such v enerable studies wiich had pieviously been
embedded m other disaphines Of course the history of science had never been
totally excluded from the school science courses Many textbooks were in the
habit of meluding references to the ‘Great Men® of saience. Even the Briush
ochool Nufficld courses which flourshed m the 1960s drew attention to the
historical development of a few scientific 1deas, mostly n cosmology. The
American PSSC and BCSC courses, dating from the same period, contamn
amular historical references The objective, however, seemed to be more of
glorification of scientific progress than of an understanding of the problematic
mteractions between science and society

The social history of rechnology 1s a more hkely starting pomt for STS
courses, and some classic school books did mention the industrial revo.anonm
connection with energy and engines, or the production of explosives and
fertihsers m connection with the chenustry of mitrates. Holmyard's widely
used textbook of school chenustry (first published m 1925 and wvirtually
unchanged up to 1960) 15 a particularly good example of an approach which
nught mclude both science and technology but had absolutely no ambition to
foster mterest m contemporary or controversial socal issues

Two of the carhest courses m school STS did, mn their own ways, usc
philosophical or historical approaches In 1972 Atkenhead and Flenung (1975)
began work on a new tenth grade course for Canadian students — Saence a
Way of Kaowng — which would allow them to make sense of thewr rapidly
changing sociery But Aikenhead wrote that the students made no progress
without some mstruction on different kinds of knowing.

In our experience grade 10 students can seldom deal w ith the complex
and sophisticated sssues related to the meeraction of science and society
without having first achieved . away of recognising and handlmg the
different types of knowledge mvolved. (Atkenhead. 1979)
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At approsimately the same ume the Schools Counail Integrated Science
Project (SCISP) was developing a course m Britam which was siularly
self-conscious about makmng exphert the thinking processes which nught be |
used Therr textbooks spoke about searching for ‘patterns’ as the root activity |
of all science In contrast to the previous example they included under this |
procedural banner the economic and social factors involved m the application
of science, for example, Science and Decision-makimg (Hall, 1973)

The STS course winch makes the most conscious use of historical
preamble for teaching about topical issues 1s the later Briush course for grade
11 stdents, SISCON-in-Schools (Solomon, 1983). In cach one of the cight
diffcrent booklets recent history is used to show either how similar problems
have been dealt with in the past, or how the quandaries of the present situation
arosc. The reason for this strategy 1s

to stand back from the present and to sce how technology and
science (have) serve(d) a commumty . (Addinell and Solomon, 1983)

This historical dimension 1s then used to estabhish a new perspective i matters
wlich may be almost too controversial for uscful immedate discussion.

Political Education for Action

The next influence for STS also came from outside the domarn of school
science This was a movement which could be calied *Science for the People’
and traced a heritage both from the left-wing scienusts of the 1920s and 1930s
(Haldane, Hogben, etc.) and also from those educationahsts of the post-Second
World War period who, hike Skilbeck, wrote of education for ‘social recon-
struction” The first SISCON (Science In a Social CONtext) movement for the
tcaching of STS within the tertiary sector shared many members with the
Briush Socicty for Social Responsibility in Science. This in turn had been
mfluenced by the international Pugwash movement and was permeated by
many of the came ideals For these acuvists 1t followed that the new science
education should focus upon those issues about which aitizens need to be
cducated for appropriate pelitical action. Indeed the action 1tself was some-
times an explicit aim of the course.

In America environmental education was n many ways the precursor of
STS cducation It wdentificd three kinds of skills to be developed n therr
students — cognitve skills which would enable them to understand 1ssues,
cvaluauve skills in which their affective reactions would be modified, and
changes 1 behavioural action.

responsible action denotes those behaviours engaged i for the
purpose of achieving and/or maintamuing a dynamie equibibrium
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between quality of hife and quality of the environment. Developing an
environmentally hiterate atizenry who are both willing and able to
engage in environmental action, 1s considered to be the ulumate goal
of environmental cducation. (Hines and Hungerford, 1984)

Smce most of this environmental eduzation was subsumed under soual studies,
rather than science, 1ts mfluence on later STS courses - Europe has been
regrettably small although more apparent n the growing movement for STS m
the States.

In countrics such as Holland and Canada this more pohitical theme
became apparent in the movement for STS within schoois at much the same
ume as public pressure groups became a common phenomenon, and laws to
allow freer public access to scientific knowledge were formulated and debated.
Acad ram pollution of the Great Lakes, the introduction of nuclear power m
Holland, Austria, and Sweden, minmg for uramum m Australia and Canada —
all of these were local 1ssucs of prob'ematique which ment an STS category
of their own later m this chapter ““hey are placed in the present context
because the issues were pohtically contentious and the courses based upon
them were strongly nfiuenced by a public education objective to cnable
aitizens to partake in decistor making action

It 15 necessary, i STS courses, to recogmse (social) forces, otherw ise
you could be reduced to a puppet... to exert any real influence, which
1s neceessary to realize your social responsibility, 1s to transform
(msight from these courses) mto action. (quoted ' Rip, 1978)

Interdisaplinary Education and the Problematique Approach

Al STS coursces should be interdisciphnary and embrace clements from any of
the traditional saence areas, as necessary The justification for this assertion
beeumes dear cnough if we examine narrow cfforts to show the apphcation of
knowledge from one saence disciphine whidh touch on an STS theme The
laudablc 1dea of showing the reley ance of school phy sics may, for example, lead
io a discussion of the <lectrstatic preaipitation of sohid particles m a factory
chimney flue However, aifthe phy sics orcntation prevents the discussion from
spraading mto a consideration of aad ram, the desulphurization processes ind
the subsequent disposal of sulphar, the effortis rovealcd as a very weak version
of real STS

In most countries scierce cducatim m the sccondary school has des cloped
along disaphinary Iincs Layton (1982) has vuthned the long and chedkered
history of ntegrated saence in Brionsh education, Lut 1t 1s dear that modern
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Briish schoohing has called for. and is very slowly acquiring, a new kind of
science teaching which does not measure 1ts effectiveness by the demands of
the most able This permits 1ts content to spread out beyond the usual subject
limits In other countries school science has always been multidisciphnary up
to grades 8 or 9. This leads readily to an 1ssue-based approach to STS teaching.
But STS knows no frontiers and rcadily spills over into social studies,
geography, religious studies and history, as well as the natural sciences. Many
teachers have welcomed this as in keeping with a more holistic approach to
education rr.clf.

Interdisciphmarity can be a powerful enabler of STS and 1s also hnked with
it in more deeply theoretical ways  Zmman (1980) has pointed out how
borrowing from different subject areas can dislodge ‘the myth of scicntism that
there 15 a “science” (actual or potential) for dealing with cvery problem’
(p- 117) In the school arena the ethical, cultural, and pohtical aspects of any
issuc which cries out for STS treatment go further than debunking myths, they
resurrect the vision of the great educators of every age.

But basing school STS education on the consideration of a sertes of 1ssucs
has drawbacks as well as advantages. The issues are chosen because of their
topicality, local, national or international, but the very heat engendered by such
contentious tssues, which may raise the students’ motivation to learn, also all
too often drives out any general lessons which may be drawn about the nature
of science, technology or social decision making. The danger 1s all the stronger
if the issues are taken in small packages. such as the Briush Science and
Technology i Society (Holman, 1987) Here there 1s no definable course at all,
Just series of detachable leaflets each of which represents one lesson which 1s to
be fitted nto the ‘interstices” of the normal school science curriculum m an
order to be decided by the teacher.

The most attractive feature of he problematique approach to STS
education 1s its extenston to local topics which touch the students' cornmunity
closely. Most of these materials have been produced by school teachers for
their ~wn pupils and are usuaily only printed by school reprographic centres.
On a shghtly larger scale we may find, for example, anits from Isracl on the
development of ferulizers from the Dead Sca and the construction of a
Mediterrean-Dead  Sea canal. Sometimes a particular theme from health
education may seeni to be treated in the style of an STS 1ssue. for example,
fluoridation of water. or drugs and smoking (Zoller. 1985) But here we have
topies which are not only important and close to the students’ own experience,
but which also carry a strongly didactic message from the teacher. It may be
claimed that informed decision making 1s the objective of such a course, yet the
existence of a predetermined goal i terms of the students' final frame of nund.
reveal such umits as different m spint from those STS courses which aim to
show that social decision making has no obvious 1ght anyeer
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Iocational or Technocsatic

The fourth and final strand comes out of an mstrumental view of science and
technology as the engine of mdustry which 1s 1tself the essential wealth-
producer of society In this kind of STS coursc the siructure of industry 15 often
studied for it, own sake, c.g., Scence and Society (Lewis, 1980) and not as that of
a factional 1terest n the commumty’s concerns. For the consideration of energy
generition, environmental control, and the monitoring of new technology —
all topics which figure largely in STS courses — the role of industry 15 too
intimately 1dentified with one hine of argument for 1t to come credibly nto the
educational marketplace as a purveyor of STS courses. Many industries —
Shell, BP and ICI to name but a few — have spent considerable sums on
cducational materials, but teachers of STS courses need to exercise care in their
usc 1f the students arc to leara about all pomts of view of the topic.

In vocational courses 1t 1s essental for the students or apprentices to learn
to see their work through the eyes of chients who will be using it. This means
that courses for older school students such as those based on the Briish CPVE
(Certificate of Pre-Vocational Education) may be required to study ‘thc impact
of science and technology on our soctety” (17+ A New Qualification, 1984).
Matenals for this cuurse have not been specaified but they too scem likely to be
strongly linked with the sponsoring concern

In a wider context 1t has always been possible to view all education as a
national investment. While the old belief m the ‘tramed nmuind” prevailed, no
particular course of study needed to be specified so long as 1t was sufficiently
taxing to stretch and tramn the mind Science and technology were always too
challenging and content-laden to fit comfortably into this scheme, and
education adopted what Jevons (1967) has called the ‘all or nothing’ attitude
towards science 1 the curriculum Now that an education 1n science and
technology 1s more highly valued for 1ts contribution to industry, the attitude
to thair place in the general curniculum has changed i corresponding ways It
has been argued that some knowledge of the social and cconomuc facets of
saence 1s essential for the mandarins of finance and the captains of industry.
So some schools may believe that they face a challenge to begin the education
of an chte who are destined to lead in the new saaence-based mdustries This 1s
STS for the techuocrats — yet another dimension of vocatonal education,

Methods of Teaching STS
The special behavioural objectives of STS courses have led to some mmovations
m teaching method It was clear that the aim to teach about the methods of

deasion makmg within soucty would be hikely to mvolve dassroom strategies
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which went some way towards mirroring them. DDemocratic debate m the
pohtical arens suggested classroom discussion. This, 1t was thought, would
allow the students to make up their own minds while, at the same ume,
training them to be attentive to and tok rant of the views of others. So much
was agreed bv most teachers: the problkin was how this should be achieved.
Some teachers advocated free discussion right from the start of the course,
others that important content should be taught as background to a later but
more informed discussion. The stance of the teacher was also problematic.
Much was written about the teacher as ‘neutral chairman’ of class discussion
(see, for example, Stenhouse 1n The Humanitics Curnculum Project, 19 70), later 1t
was suggested that the teacher’s job was to present any side of the argument
which had been omitted so that a “balanced view' couid be presented. Thirdly
the argument that no teacher could, or shouid, hide their own views began to
be Brard If the aim of an STS course was o encourage students to become
responsible citizens who would participate m matters of public concern, was it
sensible for teachers to pretend that they themselves had no opmion? Tradi-
tionahsts have often accused STS teache-s of indoctrinating the young and,
unless teachers respond by representing all education as a kind of indoctrina-
tion, 1t is hard to see how they can defend themselves from the charge.

Gammg, simulations and role-play had only just begun to infiltrate the
classroom, and were almost unknown in science lessons, before the advent of
STS The carliest appropriate games were often about the location of a power
station, for example, Ellingham and Langton (1975). Since that ume games and
simulations have multiplied and diversified. There is now a great range from
simple card games with large clements of fun and luck to more sophisticated
and well documented packages where a number of outcomes are possible
depending on the judgment of the individual players. With the growth of
computer software for schools it was mevitable that some interactive materials
on STS themes should have been produced. The best of these mclude
considerable quantties of accessible data which enable the student to control
various factors m a complicated environmental bsue. In the larger sense,
however, 1t does seem curious that a sohtary activity m front of VDU should
be used in place of mterpersonal reactions for teaching the empathic hstenmg
to viewpoints of others which 1s so essential when difficult cultural and social
issucs are being considered

Motivation and Gender Issues

The personal aspects of STS, and also how 1t is taught, have been clanmied by
several educationalists (for example, Harding, 1986) to be more comfortable to
the way m which girls like to learn about science than 1s the tradittonal method.
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The physical saences have alway s had an nuparsonal unage, and psy chologists
like Head (]980) have Suggcstcd that the adolescent bn) s who chioose to stud)
pkysics often do so because they  feel more comfortable following an
authoritarian Ime than having to recogmze individual dafferences and to
express personal opmens. Swce these are some of the very chatactenstics
which STS courses emphasize, and since factor analyses of girl and boy
students often show that porson-orientation 15 the most sharply differentated
charactenistic of girls, 1t does scem hkely that STS courses would help to
redress the gender balance and attract girl students to the study of science

But the problem of the motivation to study scicuce goes beyond trymyg to
produce what has been called “girt-friendly” ccience Studies in the United
States and clsew here have shown a steady dechine moimterest m o scienee and m
motivauon for studymg it durmg the years of sccondary school zducation, and
amongst boys as well as girls. Nor does 1t grow m populanity with the public at
large. Several commentators have atnbuted tls to a presumed uncarmg
attitude amongst scientists The research of Flemmyg which wall be deseribed
in the next section also supports this view If this belief about science and
scientists 1s widespread, then more STS edudation m schools imght bring wader
benefits than merely adding a hberal scasoning to the school sy abus. Te might
change the pubhc view of science.

The nature of a subject 15 not umquely determmed by ats subject matter, 1t
15 created by the commumity who practise 1t and 1s dumonstrated i schools by
those who teach 1t

Science 16 an msatution m the woild which 1s progressively presented
to the child. The latter creates of science an object to whieh at then
relates. The nature of this object and of the relationship to 1t wall
depend on the outcome of nurtuting of the child, ou the fornis m
which saence 1s presented and how these interact. (Harding, 1986,
p. 165)

The contradictions and dilemmus ot chis pare of the analysis appear in that it s
only those courses which aim to develop pupils’ arvic opimons and action
whicl are attacked for bemyg doctrinare. And those features which might
attract girls to science — openness and capaaty for helping people — are at the
oppostte ixtrenie to those for which adolescent boys so oftan choose to study
it, and how the general pubhe percerve at.

Thinkmg about Social Issues in Two Domang
4

STS courses have tended to make huge educational claims, wath atizenshup,
deasion makhmg, and personal values at stake they have a graar deal o am for
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In her essay on Teachng about Scicnee, Technology and Souety, McConnell (1982)
wrote

Public decision muking by atizens m 4 democracy requires an attitude
of attentiveness; skills of gaming and using relevant hnow ledge. values
of which one 1s aware and to which one 1s committed. and the abihty
to turn attitudvs, shalls and values mto action Al these steps can be
cncouraged 1f a deaision making perspective 1s mcorporited mto the
cducational process. {p 13)

The tin.e is ripe for some exammation of these clams. In particular we shall
want to know if STS courses do encourage the hind of citizen attentiveness that
McConnell wants This 15 the hub of the matter. We would be surprised 1f
knowledge and the skills mvolved i ganing and using 1t were not teachable,
at least to the more able students That is the aim of most science courses.
Likewise 1t is not particularly difficult to rmse the affective side of problems m
school classrcoms and observe the values that students express. This 1s done
frequently 1 religious and socul studies. The more penetrating question 1s
what happens when the value and the cognitive systems mteract in the context
of a science related 1ssue. Do they produce attentiveness and a better dectston
makmg capabihty?

Many educationalists, ke Mary Donaldson, have argued that children
would leary better if the subject matter they were being taught was embedded 1o
the thinking of the everyday world rather than bemg abstracted from it It 1s
an appealing 1dea and closcly related to the aigument about monvation for
learning science which was mentioned 1 the previous section Unfortunately,
rescarch results have not been enurcly supportive of 1t Henle (1962) showed
how difficult 1t was for graduates to apply logical thimking ro problems m
which they were closely concerned. The same sort of result was obtamned in the
science classroom by Dreyfus and Jungwirth (1980) who compared how
brology pupils apphed logical reasoning in scicutific and in everyday situations,
it scemed that the affective and value laden atntudes provoked by the socral
context made the skills of applying knowledge or logical processes more
difficult, especially for the less able pupils.

That evidence is not very surprising but 1t does highlight the difficulties
that education in STS faces When an issuc has already been met and has rarsed
affective judgments, the commonplace or hfe-world system of ¢l .akmg, which
uses value claims and typifications in place of logical argument and apphcarion
of knowledge, may become paramount.

Sceveral studies have shown that television may play a large part m
informing viewers and raising their value jdgments, but the evidence 1s less
straightforward than 1s often assumed. Whilst 1t 15 true that many American
studies of high school students (Weisenmayer e al , 1984) have shown that they
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attribute the greater part of thar knowledge of environmental 1ssues to
televiston, the same students are certamly not unmiform m therr vatue judg-
ments Studies on attitudes to television atself (for example, McQuail, 1983)
have suggested that viewers interact with the mformation bemg presented
almost as though 1t were a soaal occaston m which they were agreemg or
disagreemg with a friend’s opiion. Indeed he aalls this process ‘para-socal
interaction’. Thns imphies that values will not be tahen oy er wholesale from the
media but negotiated through the channcls of socal or ife-world thinking.

Investugations of the different methods of teaching recommended for STS
have shown a nuxture of results, partly at least because the rescarchers have
looked for increases of emjoyment, of motvation for learmng, for value
development and for actual learming tself. This 1s too rich a range of outcomes
for casy mterpretation A study of the use of simulation exercses, for example,
found them to be not as good as more tradiionmal methods for tcaching
concepts, but more enjoyable for the students, and more motivaung. Teaching
for problem solving shills may mcrease the students’ powers of analyzing a
sitnation for cither 1ts conceptual content, or 1ts social values, but not
necessarily for both. An empirical action research study by Maple (1986), for
example, seemed to achieve sigmificant success i teaching the control of
eaperimental varables 1in school exportments, but could produce amoral
travesties of expernimental design when students apphcd ther know ledge to
socictal situations.

These sorts of results, and others like them, have suggested that there are
two quite contrasting domamns of knowledge. In onc the concepts are
decontextualized and the mental processes i olved are strictly logical. In the
other (life-w orld) domamn arguments are conducted about what would happen
in a particular conteat, are expected to be opmonated and evaluative, are
socially negotiable, and are not thought to extend to other contexts (Schutz
and Luckmann, 1973) Movunent from one domain to another 1s hke a
cognittve jolt, and is hard to achieve,

There is rescarch on students” views on energy (Solomon, 1985), and also
results from practical work conducted by the Assessment of Performance Unit
Review Age 15 (1987) which tends to support this view In the first study
grade 8 students who had learnt a course our the phy sics of energy made richer
cvalutive judgments on the social uses of energy, when they were making no
atte.apt to usc their school learnt knowledge about the energy concept. The
abler pupils who did usce abstract scentific know ledge about energy scemed to
find 1t harder t bring their evaluatiy ¢ judgments to bear upon the soctal ssues
at the same tume. It was as though moving from one domam of know ledge to
the other was too taxing. Closely related work seamdd to show that 5tu§cnts
even store mformation acquired from the different domams of knowledge
separacely from cach other (Solomon, 1983). The APU study of experimental
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work was designed to test for the same practical skills through two different
sets of problems In one the question scemed to be saentific sinee the conteat
was the reaction times of chenmcals. In the other the problem was about the
time taken for sweets to dissolve m the mouth Quite different resules were
obtamed and the students were more, not less, successtful when the conteat was
scientific Perhaps the saentific conteat contained less of the vague generahza-
vons and affective reacuons which mught distract the students

Recommendattons for STS Lducation Based on Research

Atkenhead (1988) has used a careful multi-method study of Canadian students’
views on science. technology and sodety to pomnt out this divorce between the
scientific and the social. and urge a change m science teaching His grade 12
students claimed that they had gamed most of therr know ledge from television
and closer questioning showed this to be more from cartcon characters than
from more serious programmes What they did think that they had earne from
school science classes. about the scientific method. was “almost as maccurate <
the images conveyed by television” Worst of all

the students basically expressed the behef that science and tech-
nology have Iittle to do with social problems.

Atkenhead believes that his study provides backing for the criticism that
science nstruction 1s wrong to gnore the soctal and technological conteat of
authentic science.

Another study of Canadian students, Flenung (1986). used interview s to
probe for personal reactions to science-based soctal 1ssues He offered the
students information booklets to provide essential saentific background
knowledge. but these were consistently rejected. Students seemed to have
views on what scientists, as people. nught think. and this relegated scientific
Anowledge to the status of personal opinton, We might interpret this as use of
the soaally wcquired life-world attitude, with 1ts empathic understanding. and
rchance upon negotiated meamngs., for thinkig about saenufic know ledge

Takmg the scaentfic mformation 11 this spirit 1t 15 not surprising that the
students felt no compulston to use 1t in their evaluation of social 1ssues Like
television viewers they uicated the iformation provided as a para-soctal
mteraction (p 18) At the same tie they eapressed the view that “the real facts'
would solve all the sociosaentific problems. Perhaps we should deduce from
this that the stadents did not recogmze any diftference between the skalls of
social evaluation and those of pure cogmtive reasonng from unimpeachabic
premiscs.

[f this were the case, then what pupils learn in convenaonal science lessons
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would be recerved in one of tw o fundamentally miustahen ways Eitherit would
be assumed to be ne more than a cluster of new and negotiable hfe-world
meanings. or it would be recerved as ‘truth wath a capital T wich would, the
students claimed, obhiterate any personal variations m the evaluation of 1ts
social apphcation. In o trenchant enticdism of school science Flemung condludes.,

It has often been argued by science educators that the analysis of
socioscientific 1ssues requires a background of information It has,
mstakenly, 1t appears, been assumed that this 1s scienufic data. Instead
adolescents require a thorough understanding of the processes of
science which gencrate these data

The perceived obsession of science with the production of facts
also allows one to deny any human side to science. Repeatedly,
adolescents reported that scientists were in.crested 1n progress, and
that progress was not concerned with human welfare .. Thus saience
curricula must present science as a product of human endeavour  the
personal and emotional commitment o the creation of knowledge
must be presented

In the converse situation, when quahty of evaluanve, cthical, and moral
reasomng 1s being assessed, rescarchers often report that the knowledge
component 1s essential te the process. Just as Flenung argucd for the human
side to the learmng of science, lozzi (1979) has argued for a knowledge
foundation to social decision making. He made a special study of the
development of inoral reasonming 1n environmental education and deaded that
1t depended on background krow ledge, as well as on iterest and concern. He
argued that both of these kinds of factors must be present i the learning
process if decision making 1s to be achieved

There 1s precious hittle rescarch on the results of STS education within
school In Holland the PLON project for teaching physics with specral
cmphasis on its social aspects has been i operation since 1980, Egkethof (1985)
reported the resules of a small pre- and post-test study of some Dutch students
studymg a PLON umt on romzing radiation which emphasized the risk to
health from nudlear and X-rays, and (ncouraged discusston of its acceptabihity
The umt engaged the students” mterests well, but changed thar atatudes to
tadiation very hitele In particular the issuc of radiation from nudlear waste was
assessed almost exactly the samc as it was before the course, and with the use of
the same hinds of common-scnse arguments On the other hand a question
about using radation for the preservation of food chated more favourable
responses after the course, and many of the studonts show cd some vahluable use
of knowledge derved from the course

Egclhof speculates that the students had alrcady made up thar nunde
about nuclear radiation from power stations before the course began since the
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subject has had gh visibiity 1 Holland for many ycars How carly
adolescents begm to consider toprcal concerns m a personally commurted sense
15 very hard to know The review article of Weisenmayer o al (1984) suggests
that environmental atttudes are formed very early, often betore the students
reach grade 8 (12-ycars-old), and arc then very resistant to change, Further
mputs of information are welcomed, but tend to do no more than polanze
existing views The students seize upon facets of the ideas presented that
support their own views and then tend to ignore the rest as irrelevant or
biased. This 15 clearly not the outcome of STS education expected by
McConnell.

It would be pleasant and sausfymg 1f this chapter could end with
recommendations for STS withm the curnculum which were supported both
by empirical rescarch and by educational polenuc. Unfortunately, the dilemmas
which have dogged the implementation of STS also plague rescarch into 1ts
school operation It appears, as far as we now know, that students’ attitudes are
strongly influenced by out-of-school factors, and that they do not casily use
the scientific knowledge which we teach them m comjunction wath personal
cvaluation for social decdiston making. Holistic educanonal theory would mnstst
that knowledge and evaluanion are complementary and essential charactenistics
of human development, but offers no advice on how they should be taught.

But some of the research data can be used to bring the argument full ardle
If, as Atkenhead and Fleming insist, the students do not percave the difference
between socially acquired negotiable know ledge, and abstract overarching
scientific knowledge, then it s the first approach to STS (through an
understanding of saence as a way of knowing) which offers the most pronuse.
Perhaps a philosophical introduction — appropriate to the level of the students
— 15 a prerequistte for freemg the reasomng and valumg facultics to work
together m socual decision making. Only more research can tell
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Broadening the Aims of Physics Education

Harvie M.C. Eijkelhof and Koos Ko-tland

Introduction

In December 1970 the annual conference for Dutch physics teachers was
devoted to Harvard Project Physics A few draft copies had arcalated m the
Nctherlands and the Tucky ones who could get hold of the taterials reported
to the conference about its flavour. The audience was exated about this
approach to physits cducation, espeanally about 1ts cultural and historic
context, the readers and the practicals Tt was felt that we needed such materials
for our students to make physics as attractive as 1t could be m our view as
teachers.

Followmg this conference a proposal was sent to the government for
funds to finance a project i which the good rdeas from the new physics
curriculum waves (PSSC, PP, Nufhield) could be made avalable to Dutch
physics teachers through matenals

Funds became available for curnculum development with, however, the
condinon that work should start for jumor general secondary education in
which physics 15 a compulsory subject. The project starwed m 1972 and was
named PLON (2 Dutch acronym for hysws Curricalum Development
Project) Irs mamn tash was to modermze and update the exsting physics
curricula. Its ficld was Inuted to physics as m the Nethalands the saences
were (and are) usually taught as separate subjects, both i jumor and semor
sccondary schools In the first years the PLON tam consisted of thr ¢
curriculum wraters (physics teachers), one evalnator (psychologist), a tecn-
maan and a secretary Inlater years the team w as more than doubled accordn g
to the same ratio

Some more changes took place 1n tiwe course of the project (1972-86).
the first years a lot of mspiration was found in Amencan, Brinsh, Avstrahon
and German projects and work was linted to jumor nhysies In the sccond
282
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halt of the project’s hfetime the matenals got their own distinee style and
concertuahzation and most attention went to senior physics matcials At first
the materials were strongly related to the local environment of the pupils and
to the technology surrounding them Later, m both the jumor and semor
curricula more attention was pard to the mteraction between physics, tech-
nology and socicty (STS)

A chapter 1s not appropriate to describe all of the curriculum matcrials,
teachers’ guides, evaluation results, implementation, classroom expericnces, cte
We have dearded to inut ourscly s to the broadenmg of the ams of physics education
towards STS, to those products which have a clear STS label to some of the
probletus faced by the team to write and rew rite matertals and to some of the
evaluation results: Finally we will draw some conclusions about our experi-
ences in the PLCN project and idicate along which hines we expect to be able
to micrease the quahity of the maternals m future

A Broadening of Aims
A Shift »f Emphasis tewards STS

In general, physics education for students aged 12-18 m the Netherlands (but
not only there) emphasizes the development of some suentific skills and an
adequate mastering of scientific concepts, m order to lay down a sohd
foundaticn on which students can rely when entering those forms of tertiary
education m which physies knowledge and shills are considered essential.
Teaching physics i secondary schools therefore 1s atmed at prepariag students
for further cducation at tertiary level.

As a consequence most physics courses — also for the lower abihty levels
within sccondary education — can be charactenized as having a rather
academic, theoretical nature based on the structure of physics as an acadenme
disciphne; Letle or no attention 1s paid to technological applications and
to socual imphicat ons of science and technology, and possibilities for adapting
(parts of) the course to the different needs of individual students are lackig

However, only a few students ares i dae course, gomg to become
scientists thenuselves. For the 1ma, ority of students physics 1s a difficult and
alicnated subjct, having lietle or no practical use after they have left secondary
school.

During the 1970s this type of phy<cs education (but also other school
subjects) started to be questioned, not only — or primarily — by teachers, but
also by different pressure groups m society.

A growing number of teachers adopted the 1dea that relating physics to
everyday hife phenomena (be they technological or natural) would make physics
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teaching more nteresting for ther students, thus count g the decreasing
motis ation among students (related to a number of social Chianges, one of those
bemg the mercasing percentage of studenes cntering some kind of general
sccondary education as opposed to vocattonal trammg). Another possibihty for
countermng decicasing motvation was seen by teachers  protiding more
opportumtics for mdiendualized leannmg of stidents, for accommodating ditferen-
ces manterests and abilities amoag seudents At about the same tme different
pressure groups m sodiety started ashing for attention to technology withm the
eatsting school curricula. Son ¢ groups argued for this change in order to make
the students (more) aware of the spostance of scwnce and technology for mamtamng
a sotind cconomy, thus countermyg the mereasingly negatve mage of industry
duic to 1ts cemrmmental mmpact on the environment Other groups uscd this
mpact on our ¢mvironment t argue for attention to be pad to alternanre
technologies and an ceological ifestyle necessavy for survival m the long yun.

The tension betw cen cconomic and cnvironmental considerations ted to a
grow mg meensity of pubhe debate, at first focussing ou our erergy future but
very soon extendig to more general discusston of the impact of scientific and
technological developments on socety i ficlds hke (nudear) armament,
information technology, genetie engmeermg, cte. At the begining of the
1970s some optional STS cducation started to develop at u versity level. STS
courses were developed and taught, research started to deal with questions put
torward by trade umons, cavironmental pressure groups and the hkel The
increasmg societal debate on (the mpacts of) scrence and techuology and the
emergence of STS at umversity level led to a growing pressure, both from
within and from outside the secondary educational system, to prepare stidenis

Sor a better understanding of the public debate and to provide thom wath the ability to take

part it an mifonned and balanced way. Education had o broaden the students’
viston and had to present a framework for structuning the muddle of
unbalanced, bused and fragmentary toprc-ot-the-day iformanion on these
complex sociosaentific tssues, had to provide some tools to help to make
decistons on a (prehinunary) pomt of view or course of action.

Internal and external pressures on the content of science educanon have
led to a debate whether saience education should broaden its aims and no
longer concentrate mamly on the few scudents who waill study science at
umversity level This debate not only takes place m the Netherlands, as can be
seen from policy docuinents' of the Assouation for Saence Education m the
UK and the Nattonal Science Teachers Assoaation m the USA, reports of the
Science Ceunctl of Canada and Enghsh Exanunation Boards as well as
numerous proceedmgs of conferences durmg the last decade # The PLON
project has been mfluenced by this delate, and the anns of physics education as
stated within the project team have evolved over a number of years mto a
balance between:
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9 preparing students for coping with theiv (futwe) life 1oles as 1 consumer and as a
citizen ina technologically developing, democatic sodiety (emphasizing the
use of physics as one of the tools for decision making at a personal and
at a societal level and contributmg to (more) thoughtful decision
making);

® prepanmng tudents for - further  education andlor (future)  employment
(emphasizing an adequate mastering of scientific concepts and shalls
and providing an orientation on the use of suentific knowledge m
different socictal sectors and types of further education)

Development of Teaching Materials

The broademng and balancing of aims m a number of cases has led to the
development of STS courses, to be taken by students m parallel with (or
instead of ) academic science courses.® Although the PLON project recogmzed
the importance of the-c separate STS courses, we felt they mmght not be
sufficient to solve some of the problems students cxpertenced with the
academic courses. This feeling has led to the development of physics curricula
m which a speafic integration of physics, technology and socicty was striven
for curricula based on both the good features of an acadenuic course i physics
md of STS cowses about the impact of science and technology on society
The PLON project mtended to construct teaching materials which:

® contain physics (basic concepts and skills) which 1s useful n everyday
hfe regarding deaision making sicuations on a personal and societal
level, and — at the same time — which is essential for those who
continue studying physics in terttary education;

® present an authentic view of paysics, by paymg attention to the
his.ory, the nature and the methods of physics:

® rccogmze the differences among students i interests, abilities and
plans for the future;

® stimulate students to be actively involved in experiments, hterature
mvestigations, data retrieval and analysis, ctc.

So far, we do not claim to be very origmal: others have argued in rather
smular terms However, w2 have had the opportumity to put our ideas mto
practice on a scale which 1s rather unusual in the 1980s. Some forty teaching
units were developed and used (and are still being used) m the classroom (sce
table 1) And in a number of these units physics is dealt with w a personal, socral
and scientific context, m order to make students aware of the relevance but also
the hnutations of physics as a scientific disciphne, i order to make physics
soctally relevant,
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PLON teaching units for secondary education

All ability streams

grade 8 A first exploration
In physics
Men and metals
Working with water
Living in air
Ice, water, steam
grade 9 Bridges
Seeing movements
Colour and hght
Electrical networks
Reproducing sound
Water for Tanzansa
Energy In our homes
Energy in the future
Lower ability stream Average abihity stream Pre-university stream
grade 10 Forces Comparir The numan body
Traffic and safety Weather changes Music
Stop or keep moving Music Traffic
Heating and Traffic The weather
insulating Electncal machines Energy
Switching and Energy and quality
controlling
Machines a~d energy
Nuclear arms and/or
secunty
Review for final exam
grade 11 Matter Sports
Light sources Electric motors
lonizing rad:ation Work and enevgv'
Electronics Physics around 1900
Review for final exam Automation
Partcles in fields”
iorizing radiation
Satelites
grade 12 " systematic units

.

remainder of
units for grade
12 still in the
course of
development

All urits consist of a student’s buok o teacher’s guide and a technicin s manual All Course matenal 1s witten
n Duteh So far only two units hiave been tanslated in Eaghsh Brdges and Water for Tanzania At the
moment more work 1s being done in this held a grade 9 physics course based on o number of PLON umits 16
being developed in the UK und the units Light Sources and lomizing Radiation are: buing transtatedfadapted in
Canada and Austrahia
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The examples in the following section ~all provide some idea of how we
tried to translate the above mentioned broadenmg of aims mto teaching umts
for classroom use.

Examples of Teaching Materials

It is not possible to present a detatled description of cach of the umts with an
STS label. To illustrate the general format of these umts we will describe one of
them 1n :aore detail: the unit Tonizing Radiation (grade 11, average ability
and pre-university streams). After that we wiall give a shorter description of
several other units. (Other units have been described clsewhere. )

General Format of a Teaching Unit

The general format of a unit 1s pictured in figure 1 The central theme m the ume,
Ionizing Radiation, is the acceptabihity of the rish of apphications of 10mzing
radiation.

The unit starts off with an orientation, introducing a number of everyday
life situations in which the use of ionizing radiation nught be an 1ssue, and
giving an idea of the nature of the risk concept (a combmation, but not a
straightforward one of probabihity and effects).

The next part contains basic information and skills about the nature, eflects
and sources of X-rays and radioactivity. Concepts important i risk assessment
are introduced, such as half hfe, activity, dose, somatic and genetic effects.

After dealing with the basic information, groups of students start to work
independently on erther ene of the three options. nuclear energy, nuclear arms
and the use of radiation for medical purposes. Background iformation on risk
and safety aspects of cach of these arcas of application 1s given or collected by
the students. In several subsequent lessons, students sepert their findings to
other groups in class.

In the finw part of the unit (broadening and deepening) procedures are dealt
with to analyze and cvaluate personal and societal risks, like bemg prescribed
a bram scan or like the dumping of radioactive wastes mto the ocean. A
framework for evaluating risks is presented through a series of questions on
advantages, on short and long-term risks with and without the speaific
application and on possibilities for risk reduction

In addition to the general format as described above, the role of physics
(concepts, laws, models, etc) in a unit s identified. A basic question — taken from
the soctety students live in, and regarded as relevant to them with respect to
therr (future) hfe-roles as a consumer and citizen in society — 1s stated m the
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Figure 1. General formal of a teaching unit
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ortentation of a umt (i the case of lonizing Radiation. Hou' acceptable are
applicattons of wmzing radianon to you?). This basic question acts as an orgamizer
for the serics of physics lessons and determines the physics knowledge and
skills to be taught m order to be able to find some (preliminary) answers to the
basic question. (In this way the basic question also acts as a sclection criterion
for the physics content.) After that, the basic question turns up again in the last
part of the umit, mn which the physics concepts and skills are broadened and/for
deepened by applymg them to sttuations mn which the basic question s
prominent does the physics taught help in finding answ ers, help in being able
to cope with a technological device, a consumer decision, a socloscienufic
1ssue? This tarning back to the basic question — to society — is essential
because it reflects the relevance of our physics teaching.®

Some wts have an optional part at the end, meant to acquire a certain skill
(for example, using external sources of information, writing r ports). Report-
ing on these learning experiences might be more mformal
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Broadening the Aims of Physics Education

Basic Questions and Concepts

Three units chosen to further illustrate the broadening of aims outhned m that
section are dealing with basic questions related to:

the (future) hfe-role of the student as a consumer (with the ability to
cope with and make decisions about products of science and tech-
nology n cveryday life on aspects hke quality, safety, costs, health and
environmental hazards, sensible use);

the (future) life-role of the student as a citizen (with the ability to
interpret public debates and to make (more) thoughtful judgments on
controversial socioscientific issucs);

aspects of further studies or (future) employment (of a scientific, tech-
nological, or socal nature), 1elevant for the spectfic group of students
(mainly 1n senior secondary education).

Consumer physics

Focussing on the use of physics knowledge and skills in situations dealing with
the (future) life-role of the student as a consumer, examples can be found 1n a
number of units or parts of units. Most of these situations concentrate on
making the best buy or using products in a sensible way.
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Which buy could be best. a filament bulb, 2 strip light or an (cnergy
saving) SL-lamp? (basic question for part of the unit Light Sources,
grade 11, average ability stream) Strip hights and SL-lamps cost more,
but use less energy giving off the same amount of light. Which type of
lamp is most economiczl in the long run? The relation between encergy,
power and time (physics concepts and laws) and the ability to draw
and interpret diagrams (physics skills) are useful to arrive at an answer.
Knowledge about the mechanisms of converting electrical energy into
light (energy) in the different types of lamp provides a background for
an understanding of the differences in light efficiency and colour of the
light, and point at possible environmental implications (for example,
mercury pollution).

How might legal measures enforcing the use of seat belts and crash
helmets improve traffic safety? (basic question for the unit Traffic and
Safety, grade 10, lower ability stream). Concepts and laws from
mechanics arc useful for getting an 1dea of the magnitude of the force
acting or: a car driver dunng a colhision (as compared to the force the
haman body can exert), of the way traffic safety devices like scat belts
and . ash helmeds help to prevent injuries by diminishing the force on
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the driver through lengthening the “braking-distance’, of the relation-
ship between speed and braking distance (selecting a safe speed). ete.

Other umits deal with topics like fuel cconomy in traffic (umt Traffic),
choosing between different micans of transport hke bike or car, private or
public transport (umt Stop or Keep Moving), influencing room acoustics m
order to improve the quahty of (reproduced) sound (umt Music) and checking
electrical motors in order to be (more) able to carry out small repairs on
houschold appliances (unit Electrical Machines).

From the teaching matenials dealing with the basic questions related to the
consumers’ life-roles 1t follows that making fair comparisons 1s not easy at all.
Even inwhat at first seem to be situations involving relatively simple deasions,
the number of aspects requiring consideration turns out to be more than
cxpected, for example, not only costs and safety aspects (prominent m most
reports ont consumer rescarch), but also environmental implications. In clarify -
g these questions, the teaching matertals aim to enable students to avoid
naive and misleading choices.

Citizen physics

From the examoles given above on consumer physics it might be clear that the
distinction between consumer and citizen physics 1sn't too sharp. The knowl-
edge about fuel economy can also be used to analyze and discuss the recent
(Dutch) debate on increasing maximum speed on motorw ays (focussing on
traffic safety aspects, whereas cenvironmental considerations are not very
prominent in the public debate), connected to the individual’s choice of
weaning scat belts 1s the question of enforcing the use of seat belts by law
or promoting this use on a voluntary basis at a more societal level, etc. An
umportant aspect of consumer physics s the possibility to translate a (more)
informed, thoughtful judgment mto direct personal action. (However,
whether the student makes a choice, when hefshe will do that and which way
the choice turns out is hisfher own responsibility,)

When dealing with citizen physics the aims are limited to making students
aw are of the pubhc debate and to provide them with the means to interpret this
debate in order to be able to reach a (more) infurmed, thoughtful point of view
on the issue The possibihties for personal action are more indirect. discussing
the issuce with others, voting behaviour.

In addition to the examples already mentioned under the headmg of
consumer physics a number of other examples can be found n the units that
relate to citizen physics.

® Which type of waterpump 1s most suitable for pu.aping up drinking
water in a Tanzanian village? (basic question i the umit Water for
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Tanzania, grade 9, all abihty streams). The basic question reflects the
Dutch debate on the character of Third World aid programmes, in
which alternative viewpomts come up. should ready-niade industrial
products be sent over or should Western countries provide the means
for Third World countries to set up their own local mdustries. In the
umit students assess different types of water pump. on criteria having
to do with the operatng principle (physics knowledge concerning the
effects of pressure differences), difterent technologies (related to the
construction and maintenance of the pumps) and social conditions mn a
typical Third World rural area.

@ Can onc survive a nuclear war? (basic anestion m the umt Nuclear
Arms andfor Security, grade 10, lower ability strcam). The unit
concentrates on the effects of nuclear explostons n the short term
{destruction by blast and heat) and 1z the long term (somatic and
genetic effects of tomzing radiation due to fallout), and the (im)poss-
ibilitics of protection agamnst these effects The knowledge base
conststs of the nature and propertics of tomzing radiation and concepts
like activity, half life, dose and thewr units of measurement.

Other umits deal with lively debated 1ssues hke encrgy scenarios (umits.
Energy in the Future and Energy and Quality) and the pros and cons of the
micro clectromcs revolution (unit. Electronics), but also with a debate which
does not get too much attention. spending money on applicd or fundamental
scientific rescarch (umit; Matter).

An authentic view on physics

Using physics as a tool to get a more fira grip on evervday life requires
knowledge of the limitations of this wol. Physics (and scicnce m general) does
not give all the answers, not only because there are more factors besides
physics influencing decisions (like economie, cultural, pohucal factors), but
also because of the nature of scientific knowledge®.

The muportance of modelling, but also the hmitytions of the models
constructed, 1s most pronunent m the utit Matter. Hov ever, the matter of the
nacure of scientific know ledge also turns up m other units the controversy on
the cffects of low dose 1omzing radiation on the human body (unit Ionizing
Radiation), the uncertamties in the predicted rise of the sea level due to the
greenhoase effect (umit Weather Changes). Modecls describing complex
systems like the human body and the global carbon cycle are in no way
adequate (yct) Uncertainties give way to different mnterpretations, also by
experts.

The nature of scientific knowledge is exphatly dealt wiath in the umt
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Matter (grade 11 average ability stream). the asic question for this umt bemng.
what is the diff:cence between apphed and fundamental rescarch. for example,
into the stru:.ture of matter — and what about the bill? In order to get an 1dea
of what fundamental rescarch 1s and for what 1t mught be uscful, the umt
Matter starts with the 1deas of the ancient Greek on the structure of natter and
goiug through the centuries finishes off with the quark modcl and the attempts
it umfying the four fundamental forces The umt gives an 1dea of the
development of physics as a disciphne (such as working with models and
making order out of chaos), the part technology plays 1n the progress made in
rescarch (from vacuum pumps to super colhders) and of the way m which
some physicists left their mark on the development of their disciphine. To be
able to assess the value of fundamental rescarch into the nature of matter, an
idea of what these huge-sums-of-money spending, high-energy-physicsts are
up to is necessary.

Presenting an authentic mmage of physics — physics as a developing
product of human activity, 1n which objectivity and subjectivity are less
separated domains than might be percerved by the general public — is a
prerequisite for an adequate assessment of the role physics might play 1n
deahing with consumer decisions and {(debates on) socioscientific 1sstes.

Teaching Methods

Next to the questions of ‘why teach physics’ and ‘what physics to teach’ comes
the question of *how to teach it What do we expect students to do during the
lessons? Just reading long texts doesn't very much appeal to quite a lot of the
students In order to hold students” attention, a varicety of student activities
stimulating active involvement 1n physics lessons appears to be necessary. But
not only for that reason. The (future) hfe-roles of students have a passive and
an active component. not only knowledge 15 required, but also certan skills
such as being able to read, watch and listen critcally, to discuss, to work
independently and to cooperate with fellow students, to communicate learning
experiences, to perform experiments and set up investigations, to retrieve and
structure relevant mformation and compare information from different sources
critically.

Student activities have to be chosen carefully in order to give students a
chance of acquiring these skills skills necessary on the one hand for being able
to do something with the acquired knowledge in practical situations 1n
everyday life, and on the other hand for being able to tackle independently
issues that couldn’t be dealt with 1n the curriculum (time constraints) or 1ssucs
that might come up in society 1n the time ahead.

So not only contents will have to change, also — and equally important —
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the teaching methods less ‘talk-and-chalk’ by the teacher nd more classroom
discusston, literature rescarch, mterviewmg, practicals, ctc The role of the
teacher 1 the cassroom changes irto stmulating and faalitatng independent
work of (groups of) students.

Some Problems and Solutions

It took us about thirteen years to develop some forty teaching units. Each of
the units have been rewritten at least once or twice, and some three or cven
more times 1f that scemed to be necessary. One might say we have been
working on a trial and error basis, and what was described i the section on
teachmg matenals, to a large extent, reflects the final product of the last four
years of curriculum development aimed at an integration betw cen academic
physics and STS.

In this section we will point out some — 1n our view most prominent —
problems during this curriculum development work and some solutions we
think we have found for these

Contents: Contexts and Concepts

Choice of contexts

The choice of contexts to be ncorporated n the curricula 1deally would be
influenced by the differences 1n interests, abilinies and plans for the future
among students, and by long-term developments in socicty.

At the level of the curriculum as a whole the different needs of students
could be met by choosing a variety of general contexts of a more scientific,
technological and soctal nature. In the first version cuiriculum the emphasis
was a technological one, not too attractive for (inamly) girls. The revision of the
curriculum therefore was aimed at diversifying the general contexts raised: units
like Weather Changes (general context. nature) and Music (general context.
culture) had to balance the more technological umts hke Electrical Machines
and Electronics. Bt also minor changes n existng umts appeared, like
adding brographies of four physicists working at the end of the nineteenth and
beginming of the twentieth century to the umt Matter, or — an approach the
other way round — the disappearance of the operating principle of quite a
number of different types of nuclear power reactor from the uit Ionizing
Radiation.

So now the curriculum as a whole 1s more balanced with respect to the
general contexts raised. If .« 15 balanced enough remains an open question.
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Linking physics to everyday life (at a personal and socictal level) carries in
itself the danger of the contents being imtially timely, but not any more so a
couple of years later. Therefore, we tried to choose the themes of our units,
taking note of long-term developments in socicty denwved from surveys of
literature and discussions with a few experts. Within the boundary condition
of developing a physics cuiriculum this has led to the choice of 1ssues on
energy, traffic, electronics, armament, space travel and Third World aid. Next
to that a relevant overall concept for dealing with quite a number of 1ssucs
seemed to be the concept of risk. And also the developmient of physics as a
discipline had to be dealt with in order to present an authentic view of physics.

However, the choice of the contexts for the umts was not a completely
frec one. First of all we had to consider the existing nationwide exanunation
programmes. Although the project’s task was to modernize and update physics
curricula and to put forward proposals for changes in the cxamination
programmes, one should not get too far away from what 1s customary within
cxisting physics education. Being mnnovatuve in the field of currniculum
development is a good thing, but adoption and implementation of the
innovative materials by the teachers must remain feasible Secondly we had to
consider the desired variety of contexts in order to accommodate to differences
in students’ nterests.

So, the choice of themes and basic questions for the umts carries in wtself
the character of a compromise between desirability and (t0 a certain extent
lmited) feasibility.

Relationship benween contexts and concepts

In the first years of curriculum development within the project the focus was
on developing teaching materials sumulating mdcpcndent work of students
and students’ learning from each other’s experiences. With regard to the
content of the units the aim was to relate physics to everyday hfe phenomena
the students” immediate surroundmgs. knowmg about the physks behind
natural and technological phenomena in the students’ hfe-world instead of
using physics as one of the tools for decision making at a personal and socictal
level Once teaching materials have been developed, 1t 15 dafficule to change
them to fit into a new set of aims, not only for reasons of limited time, but also
for reasons like not putting too much pressure on triai school teachers who
have grown accustomed to workmg with the ‘old’ materials, who have put a
lot of energy, ime and (school)money nto orgamzing practicals, ctc.
Therefore the mtegration of academic physics and STS as outhned m the
previous sections 1s not visible i all umts, and the curricula as a whole have
somewhat of a hybrid character. However, the question is whether this
mtegration is desirable m all units. Relating physics tcachmyg to less prob-
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lematic everyday hfc phenomena might for mstance be necessary for students
to be able to tackle decision making at a personal and societal level.

Concerning the units in which the above mentioned mtegration was
worked out to a satisfactory degree. we had some problems with the first
version units: abundance of uspects m and weak coherence of the umts.

Most themes encompass very complicated problems or large areas of
knowledge, and boundaries with other disciphines are sometimes vague
Trying to aim at completeness will be very confusing for students and teachers,
and there is a danger of non-physical and noxn-scientific aspects donmnating a
unit. One of the units with this problem was the first version of Nuclear Arms
andfor Security, which had the character of a short introduction to
polemology; physics was relegated to an appendix at the end of the umt
Teachers felt very uncomfortable with this umt, as they were not expertenced
in teaching polemology (which 1s not therr fault!). Also the students, although
a large majority of them thought that the topic of nuclear armament should be
dealt with in school. felt the unit not very appropriate for physics lessons
(about half of them) When revising the unit we tried to avoid this abundance
of aspects by not ainung at completeness. by keeping m nund what the specinc
contribution of physics could be to develop an insight into the theme, other
aspects should be dealt with in other school subjects (and the physics teacher
nught be able to encourage this to happen). So the second version of the umt
dealt with rhe effects of nuclear cxplosions and the (im)possibihtics of
protecting oneself in such events. If students w anted to look mto other aspects,
the optional period at the end of the untt could be used for that.

Using the mstrument of the bastc question has been helpful m avording the
abundance of aspects in the second version units, and has cven been more
helpful in strengthening the coherence of the umits. When the various chapters
of a unit are weakly connected to the basic question (if present at all in the first
version units) and to cach other, teachers castly neglect the mnovative chapters
and pay most attention to the traditional ones. Adapting to new content and
teaching methods takes a lot of ime and encryy. and one has to be pushed a
httle bit to make the transition.

So the contextual knowledge (like the framework for thinkig about the
issue of risk evaluation mentio..cd on page 287) in the umt (Ionizing
Radiation) has to be very closely connected to the physics content. But on the
otlicr hand the phy sics content must be assoctated with the contextual know -
ledge, thatis, with the basic question. And here we come acioss the question.
which physics concepts, laws, ctc should be taught and to what depth?

Concept development
As long as the basic questions for the units are not dearly defined (as 1 most
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first version units), the physics content tends to be close to what 1s traditionally
being taught, except when dealing with new physics topics (ike the quark
model of matter, clectronics). Or, m the case of traditional topics, teachers tend
to stick to the traditional, well known content and tend to go mto the same
depth as they used to do.

One example comes from the units Traffic and Safety and Traffic. In mech-
amcs the traditional approach to describing motion 1s the use of a set of equations
like As =g Ar + %‘I(Ar)z.m' = a. At and F = ma. However, m order to be able
to understand the way m which traffic safety devices like seat beles and crash
helmets do their job, knowledge of the cquations F.As= A(dm.)? and
F.Ar= A(m.r) wd an understanding of the concepts m these equations are
perfectly suttable. Morcover, the equations represent in a very direct way the
relationship between the relevant varnables. For lower and average abihy
students there seems to be no need to burden them with the three distmct
cquations describing accelerated motion with the ‘help’ of an abstract concept
like acceleration. And 1f students nced any proof, the two ‘laws of motion’
stated above can be checked experimentally m both outside (real hfe) and
laboratory conditions (which ¢leariy shows that these equations — as well as
others — are no more than approximations of reality). In this way, the physics
content i the arca of mechanics is reduced, but on the other hand, sometimies 1t
had to be extended. In the same arca of mechanics, motion traditionally deals
with pomt-masses moving on fric onless planes. But m order to get a firmer
gnp on fucl cconomy in traffic, dealng with real objects, 2 quantitative
treatment of frictional forces was necessary — a topic which was not
traditionally taught.

As long as 1t wsn't clear that a umt 1s dealing wich trgffic safety and fuel
economy, m which mechanics is used as a tool to deal with pracucal situations in
this arca, the reduction and catension of physics content gets less attention
from the teachers (and sometimes even from curriculum developers)

On the other hand one has to reckon with ‘outside pressures’, for example,
from the school inspectorate, to keep standards ngh (that 1s, the standards of
traditional teaching). Again, m many cases a compromse betw cen the level of
concept development necessary for dealing with practical situations 1n society
and the standard level of concept development m the traditional curnicula had
to be reached.

One problem, however, could not be solved this way. Generally the
degree of versaulity students reach 1 applying the coneepts, laws, cte. i
different conteats 15 Tow. concepts developed within one speafic contest are
not automatically used by students when solvig problems in another —
known or unhnown — context. For lower and average ability streams this
linnted transter can be accepted to a large extent, because key concepts from
the ficlds of energy and mechanics, for example, appear in a number of units
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different contexts But this is not enough for students in pre-university
streams. Their degree of versatthty in manspulating concepts should be higher.
A solution we found for this problem was the mtroduction of so-called
systematic umits in combination with the units dealt with up ull this pomnt m this
chapter, to be characterized by the label of context-centred or thematis units.”

In a systematic umit concepts developed carlier in a number of thematic
units act as a starung pomt. Concepts from different umits are lmked and
defined more sharply in order to give students (in pre-usnaversity stream)
msight into the systematic stiucture of physics as a disapline (mamly m the
ficlds of motion, energy and work, and gravitational, clectric ind magnetic
ficlds). Mathematical expiessions of concepts and relationships between con-
cepts are much more soplusticated and pronunent {as compared to the thematic
units) m order to widen their applicability m a variety of different contexts.
The innovatve curriculum for the pre-university stream therefore now
consists of both thematic (in most cases the same units used 1 the average
ability stream) and systematic units, thus reaching a balance of aims which
scems necessary for preparation for utiversity entrance as well as preparation
for citizenship.

Student Activities and Differentiation

Stimulating active mvolvement of students m physics lessons and recogmzing
the differences among students 1 interests, abihties and plaws for the future
can be met by means of introducing a vartety of studeut activities and
differentiation within the units.

While developmg the first versions of umts, most effort went into defining
the content of a unit. Of course student activities were present m the uts,
like {a lot of) pracucals. But, apart from that. long texts and associated
questions and excraises were used far tov often. During revision more
attentton was paid to establishing a relattonship betw een content and scudent
activities and to the development of a greater variety of student activities.
literature rescarch usig external sources of information, practical research
projects, mterview mg experts, excursions, videos and some simulation ganies.

Difterent aeeas of students can be met not only by a variety of student
activities, but also during optional periods within a unit In first verston units
differentiated parts tended to be either imited to non-essential sub-topies or to
be so varied that a frurtful exchange of learnimg experiences wasn't feasible
And m some first version units the topics withn the optional period were (far)
too ditficult to be studied mdependently, let alone to be explamed by students
to cach other Reporting sessions thus became problematic.
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in the revised units the introduction of important concepts n the optional
topics is avoided they must be dealt with beforehand m the basic-know ledge-
and-skills part of the unit. Also the topics of the differentiated chapters are
chosen in such a way that they are supplementary to each other (for example,
dealing with the second law of thermodynamics in cither a theorencal,
scientific or a practical, technological way i the uni, Energy and Quality, or
dealing with the same concept (risk) in different sectors of society m the umt,
Ionizing Radiation), thus facilitating the possibilitics of students learming
from cach other. An extra incentive towards good quality performance of
students during reporting sessions is the necessity te use the learaing expe-
riences of all groups of students during the broadenng-and-deepening part of
the unzt.

Some Research Results about PLON

During the course of the PLON project the two rescarch fellows had to work
under high pressure from various sides. The curriculum writers wanted them
to cvaluate the units to get suggestions for mmprovement, policy people
emphasized the need for rescarch which could support thetr + 2w that PLON
‘is highly successful’, *doesn’t work at ..", colleagues frc... the educational
rescarch field would like to see if PLON experiences confirmed or refuted
certain educational theories and, of course, both fellows had their own mnterest
arcas So difficult choices had to be made and not all needs could be fulfilled.

Lvaluation of First Versions

A great deal of work was done in evaiuating first versions of umits. It soon
became clear that the aims of first version evaluation should not be set too
high The new umts were so mnovatve m content and teachmg methods that
many ‘infant discases’ could !¢ detected. For instance management problems
arosc: equipment wasn't available in time and in sufficient quantitics or didn't
meet the expectations. Also students we: » often uot sure of what was expected
from them in the acuvities or in preparation of end-of-unit tests, And teachers
felt insecure with the new materials. some topics were brand new for them as
well, and some units required teaching methods they were not famihar with
Above all, teachers otten didn't know what problems they w ould face with the
new materials regarding difficulty, time and practicabulity.

So, we concluded that the success of a umt could not be measured by 1ts
first version But these first evaluations appeared to be of great use to collect
ideas for revision, for teacher guides and for teacher tramig. The results were
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seldon1 published, partly because we thought their use would be himited to
those already involved, partly because we didn’t Iike to provide tools to those
who would love to abort PLON 1deas before they were mature. Many of
PLON’s best ideas started rather immature and 1t often took several tries to get
them in a proper form.

A variety of methods was used for first version evaluation. Very important
were the meetings with the teachers of the trix! schools. After cach umit we met
and discussed the expertences. Teachers appeared to be very creative m finding
solutions for the problems caused by the curriculumn wrters; they also
challenged the writers on new 1deas so the latter were forced to explam clearly
what they were aiming at bechind the problems of introduction. A second
source of information was the questionnaires we presented to the students.
Questions dealt with the instructivencss, usefulness, clarity and difficulty of the
unit, their interest 1n various topics and their 1deas about student activities.
Finally we visited schools and observed what was going on n the classroom.
Visiting schools however 1s very ime-consuming, especially if one would hke
to obscrve all lessons m one class about one unit. Therefore, this source of
information was used to a lesser extent.

As an example we will describe results of an evaluatio: study on the use of
the first version of Water for Tanzania. Six classvs were ipy -lved. A teacher
meeting was held after use of the unit, teachers and students (N = 106) filled m
questionnaires and lessons were observed by PLON staff menibers and
traince teachers. In general this umt was highly appreciated by teachc-s and
students, especially by the girls Students enjoyed the lessons, m particular
constructing and testing the various pumps.

However two problems were noted. one with the meroduction of the umt
and onc with the simulation game.

The unit starts with an introduction about the country and hfe m a village.
A considerable part of the students didn’t hke this part and had problems with
getting acquainted with hfc in a Tanzanian village. As judgments of students
differed strongly betwcon classes this secemed mamnly duc to the way teachers
introduced this section of the unit. One suggestion made was to back-up
teacher activities i the teacher’s guide. Another was te mclude student
activities in which they would get more involved. that would make the
introduction less dependent on the teacher’s input.

The secund problem noted had to do with the simulation game. Students
had difficultics 1n setting proper requirements to the pumps. And m the
decision-makimg stage of the simulation game they got so mvolved in ‘thar’
pump that a thoughtful balancing of pros and cons did not take place. Students
Just acted as “salesmen’ of their pump. Constructing a pump led clearly to an
identification with the pump which counteracted their roles as evaluators.
This result led to the suggestion to set external requirements to the pumps and
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to ash students cach to evaluate one pump on this sct of requirements. In the
sccond version of the wit Water for Tanzania this suggestion was follow ed

Evaluation of Second 1 ersions

Once the first versions were revised and the ‘mfant discases’ were cured a new
round of cvaluation started. A great deal of notse was now chnunated, so we
tried to get a better insight mto the mipact of the units on students’ learning
and on their atutades towards varous topics. For this kind of research a
distinction could be made between evaluation of umits and  curriculum
evatuation. The former was amed at studying learning of a particular physics
topic in the conteat set by the umit. The latter kind of research paid attention to
the effects of the curriculum as a whole. Results of this hind ot rescarch seemed
to be of morce interest to others so more of it has been published, how ever often
n Dutch. Here we will describe some of the results of sccond version
evaluation of both these levels.

At the umit bvel two differences from the first verston eveluation results
were remarkable One s that some umits which were lughly crinazed by
students on the first version became rather popular m the second version An
example of such a umit s the semor unit Traffic in w hich mechamics 1s taught in
the conteat of traffic. About two-thirds of the students seemed to dishke the
first version, mamly because they did not know what was (xpected of them
both m activities and 1 preparations tor tests. Two years later the sccond
version became one of the most popular umts On the mam deas of the umr no
changes were made. the same concepts were taught in the context of tratfic.
But the instractions for the activitics were better, the mamn concepts were
properly mtroduced and a collection of test questions on trathic situations was
mcluded. A second ditference with first verston evaluation results was a less
significant difference between ddasses This mught be explamned wath the
argument that the confusing first versions dumanded more from . teachers
m terms of clartfication of what was expected andfor that teach s vt mose at
case with the umt after having taught the umt before We haven't bean able yet
to find out which of these points 1s most important.

Evaluation of sccond versions of the umits resulted i some muse questions
in need of larification Let us take, for example, the unit Jonizine Radiation
In first and sccond version evaluations 1t appeared to be a very popular une,
cspectally the medical parts of it with rhe girls. In the latter evaluation study
pre- and post-umit incasuranent was done regarding the use of conepts m
argumg about controverstal staterients regarding applications of 1omazing
radution. It appeared that hardly any physics was used i argumg about the
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dumpmg of radioactive waste mn the sea, a fiercely debated topic in the
Netherlands. On the acooptabihity of food irradiation, a less pubhely-known
topic, we detected .afterwards a better use of topics dealt wath in the umt. Bur at
the same time 1t became clear that students had nmsconceptions about radiation
which did not change very much. For instance, students used the word
‘radiation” where an expert would use ‘radivactive substances”. So onc of the
questions which arose was what ideas students do have about rachation before
mstruction. It was decided to study this question ina new rescarch programme
(see next section).

In one of the studies at the curniculun level we asked students their
optmon about the vartous umts. In this study 191 students filled m a
questionnaire at the end of a twou-ycar PLON course 1 semor sccondary
education (average ability stream).

The results show that students prefer some umits more than others,
Popular umts are those wlich relate to daily hfe or specific interest arcas of
students, for instance the units Traffic, Music, Weather Changes (boys) and
Ionizing Radiation (girls). Students scemed to be less fond of umts which are
aither theoretical or technological, such as Matter, Energy and Quality,
Electronics and Electrical Machines (girls).

On the other hand students’ responses show ed more vaniety m answering
the question: ‘From which two units did jou learn most?” Here their
Judgments are more spread over the umts, especially those of the boys It was
also rather surprismg that for some umts answers were not m accordance with
general preferences mentioned above. So 41 per cent of the boys found
Ionizing Radiation very mstructive, the same qualificanon was given by 23
per cent of the girls to Electronics.

In general, students appreaiated the physics fessons with PLON materials.
They werce especially posiive about the student activities and the apphed
character of the physics. Accordng to them these characteristics should get
even more attention and espeanally students’ individual contnibution to the
lessons should be increased.

Some Cunent Research Programmes abour PLON
AN

After the formal end to the curniculum developmeni work withm PLON
several rescarch projects have been started to study more in depth the learnmg
of particular physics concepts and curriculum cffects Regardig concepts the
work has been concentrated on “foree’, ‘energy” and ‘fomzing radiation’ In the
rescarch project on iomzing raduation’, for example, two ponts are particu-
larly interestng for those mvolved m STS education.

The first pomnt 1s. what particular content should be chosen if the amm 1s
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that students should be able to use physics in daily hfe situations® Often
STS materials suffcr from an abundance of concepts, facts and processes and
from a chaotic variety of situations in which science plays a smaller or larger
role. But by what criteria are they chosen? How can decisions be made to
include some applications and leave out others, and to deal with many concepts
and processes superficially nstead of with a few concepts at greater depth?
The answers to these questions cannot come from teachers and curriculum
writers alone as they could hardly be expected to be famuliar with so many STS
arcas.

We have involved some fifty radiation experts m trying to find an answer
using the experience of these experts in a variety of professional ficlds. health,
power and other industrial companies, civil service, rescarch estabhishments
and cnvironmental orgamizations. Currently a three-round Delph study 1s
being carried out Of course, it 1s not the intention to let experts dectde what 1s
suttable for science cducation. they are not qualified to take all necessary
aspects into consideration. But we do think that their experience should be
made use of. STS education cannot mature in 1solation from soctety.

The second point of interest for STS education has also to do with the de-
isolation of science education. From many studics we know that students do
have ideas about concepts and processes which have m science a particular
meaning. In many arcas of physics we have an 1dea of the kind of pre-concepts
students have. But we do not know much about the source of these
pre-concepts nor about the daily life situations i which these pre-concepts
lead to unfounded conclusions with serious consequences. We could all give
some examples of this but as far as we know a systematic study has not yet
occurred However, 1t is not unlikely that STS teaching would promote clashes
between thinking i ‘personal’ and ‘scientific domains’. Therefore 1 our
Ionizing Radiation rescarch programme we study the use of scientific
concepts in the media: radio, TV, newspapers and magazines, and consult
experts on the following kind of questions. Which meanmgs are given to
words sounding fanuliar to scientists and the public? How do these meanings
relate to cach other’ What are the most essential differences? Do these
differ~nces depend on the particular situations? What consequences docs this
have, for mstance for an assessment of the risks of iomzing radiation? We hope
to be able to usc the results to rewrite the umt Ionizing Radiation in the
future and to writc a new teachers’ guide.

Apart from this kind of rescarch studies are also carried out at the
curriculum level In one project a longitudinal study is done to detect causes for
the change of attitude of girls towards physics during the first two years of
obhgatory physics instruction A comparison is made betw cen the effects of
using the PLON curriculum and an acadg=nuc curriculum

Another study concentrates on the impact of two mportant characteristics
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of PLON curricula active involvement of students and physics learming in a
daily hfe context. The effects of both learnmg environment characteristics on
students” motiv 7 and cognitive learning outcomes are being vestigated.

In summary *.¢ could conclude that the experiences with the PLON
curricula have resi. .¢d i a number of questions on which answers arc required
if we want to mmprove the quality of our curniculum matenals 1 future.
Finding these answers will use a great deal of our ume and energy in the
coming yecars.

Lessons to Be Drawn

It would be very premature to draw, tn 1988, final conclusions about the
impact of thc PLON project on science education, particularly on the teaching
of physics. Processes of change in education take along umie and are influenced
by many factors from mnside and outside cducation, such as teachers’ salarics,
class size, structure of cducation, job opportumtics, teacher traming, new
cxamination programmes, ctc. Innovators’ feclings often drift between hope
and fear.

At present only students at a himited number of schools (twenty-five) are
allowed to take the experimental PLON examinations, which differ from the
nattonwide final examinations (as the obvious result of the project’s task of
modermzing and updating physics education). Admunstrators’ fears of the
number of schools opting for the PLON exammations (and the teaching
materials) getting ‘out-of-hand’ have put some secrtous restraints on the
disscimnation of the teachmg materials. However, there are some hopeful
signs. PLON experiences have greatly mfluenced the discussion on new
exammation programmes for physics. Not all programumes have been finahzed
yet, but the new exammation programme for the lower ability stream clearly
incorporates many PLON 1ideas regarding content and contexts. Also m the
dialls for the exanunation programumes for the average abihity and pre-
umversity strcams much attention s pard to learning in personal, technological
and social contexts. This will allow ail schools in future to change physics
education. Morcover, although the use of PLON miaterials m classrooms 1s
Imnted, mfusion of PLON 1deas 1n recently published traditional physics
textbooks 1s visible. Students graduating from the teacher traming colleges are
now fanuhar with PLON 1idcas and teaching materals.

However, how big the actual changes in many schools will be 1s yet
unclear. Much will depend on textbook writers and on the enthusiasm of
teachers. Recent increases of class size and number of teaching pertods. and
decreases i both salaries and number of students, are not favourable to
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changes in the classroom. Unfortunately, curriculum mnovators are rather
powerless regarding these trends.

Returning from pohucs to more famihiar fields, we conclude that PLON
has been able to draw a great deal of attention to alternative content and
teaching nicthods for physics education. However, the project’s area has been
very wide. complete curricula have been developed for various streams n both
Junior and senor secondary education. a variety of aims w as set and mnovation
regarded content, methods and differentiation s might have been predicted.
width cannot be combined with great depth Now we know where more
depth is required and so we concentrate our efforts on curricula for specal
groups (low ability students, high ability students) and special topics (cnviron-
mental science). We have also learned how mmportant concept development is
in teaching physics in context. We hope with research m this field to lay the
foundanions for further improvement of science education m future
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