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A science curriculum for public understanding

Towards a scrence
curricuium for public
understanding

& Robin Millar

A frequent justification for ‘science for all’ is ini ierms of tie need io improve scieniific literacy
and premote better public understanding of science. But there is much evidence that many
school stucents and adults have little understanding of basic science ideas or processes. The
fve-year moraiorium on change following the Dearing review o/ the National Curriculion
provides an opportunity for a fundamental review, by science educators, of the structure and

content of the science curriculum, as a vehicie for promoting pubiic undersianding.

CONCEIRNS ABOUT SCIENCE EDUCATION

Within the past ten years, science has joined
English and mathematics as core subjects in
the schoo! curriculum in the UK. There
acpears o be bread consensus, both within
the education system andg veyony, tial 2l
children shiould study science throughout
ne periad of compuisory schooling, from
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5-16. There hasbeen little opposition within
schoois or beyoend to this increase in promi-

ence of science or toits ailocation of 20% of
curriculum time at Key Stage 4, double that
for other subjects.

Amongst the rare dissenting voices,
Chapman [1] has written of ‘The oversell-
ing of science education in the 1980s, con-
testing the validity of arguments for com-
pulsory ‘science for all’. From outside the
science education community, Simon
Jenkins [2], ina strongly written piece inThe
Times, argues that ‘the adult world does not
require deep knowledge of maths and sci-
ence’, and that the importance attributed to
these subjects bv politicians and industrial-
istsistheresultofa‘confidence-trick’ plaved
by the academic science community. Al-
though outspoken critiques of this sort are
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relatively few, they are, I think, the visible
sign of a wider and rmore ¢ i
and concern abouz: sci
sion.

A maior fzuse of this unease is the accu-
nuiation of ev:aence - netjust in Britain but
rroughout much of the developed world -
that little scientific understanding is actu-
ally assimilated by most students. The
APU studies [3] showed that only arouad
35% of 15 year olds could apply scientific
knowledge to simple problem situations
Researtiiinto students’ learning in specific
science domains points in the same direc-
tion: very few young people by the age of 16
have a solid grasp of even the most basic
scientific facts, principles, concepts and
ideas. Ideas like the particulate theory of
matter, the scientific :nodel of the solar
svstem, gas exchanges in plants and ani-
mals - all are poorly understcod and there
are many common and persistent miscon-
ceptions [4].

A recent television programme (broad-
cast on BBC2 in Septeinber 1994), based on
current work at Harvard and Leeds Uni-
versities, illustrated thisdramatically, show-
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{ing American engineering graduates un-
! able to explain where the matter came from
: in a block of wood - and reluctant to accept
! that it could possibly have come from car-
i bon dioxide in the air. The szme research
‘showed that students’ lack of understand-
ing of basics is apparently not noticed by
their teachers, who consistently over-esti-
mate their cwn students’ understanding of
basic ideas following instruction - perhaps
because students find it possible despite
this to obtain reasonable scores on conven-

tional tests and examinations. Survevs of
science understanding amongst the adult

population [5] show much the same pic-

ture: little understanding and many poten-

tially serious misunderstandings of basic

science ideas.

Some have argued that the lack of effec-
tiveness of science teachingisaconsequence
of the content of the curriculum on offer.
Claxton [6] writes of his:

growing realization that we do not have =
problem with science 2duscation: we have a
Sisestar withis, Rezding theiiteratu 2, taiking
to teachers and students, and sitting in les-
sons, ... it becomes obvious that what was
ceing cffered missed the mark of what the
rity of students needed and wanted to
<70w, nct just by a bit but by a mile (p vii).

2

Domany sfudents achieve little in scienze
Sclause they simply cannot see the point of
it? And might their verdict be, as Jenkins
argues, substantiallv correct?

To these I would add a third area of
concern, about the uniform and unrelent-
Ng pace 0f most science programmesTEach
lesson builds on the last, introducing new
ideas. The ‘big ideas’ get lost in the mass of
detail. For many students it is simply ‘one
thing after another; before you have fully
grasped one idea you are on to another.
Trere is no variety of pace, little time for
consolidation, no leaming ‘thythm’, just,
for most students, an out-of-control roller-
Coaster of ideas.

In England and Wales, we have seen a
Succession of changes in the science cur-
riculum over the past eight years, many of
them planned and introduced inhaste. Now

S

e are promised a five-year period of con-
solidation. It is important that this interva
be used to reflect on the purposes and
structureof the science curriculum inprepa-
ration for the next review, when it arrives.
In this article [ want to explore two ques-
tions:

* Whyshould science be ta ughttoallschooj
stugents?

* And (in the light of answers to that ques-
tion) what should the science curriculum
look fike? T

—

WHY TEACH SCIENCE, AND WHY TO ALL?

In the first ASE Science Teachers’ Handbook,
Milner (7] addresses the question “why teach
science and why to all?’ He argues that
science, or for that matter any subject, can
only lay claim to a place in the curriculum if
we can show three things ahout it:

{ it contributes distinctive skiils, con-
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RFsDectives, not offered by

¢ be acquired infor-
mally, but only through formal instruc-
tien.

That it is important anc of vaiue to ac-
quire them.

Thefizstcan be readily granted. Science has
2 distinctive area of concern - the tehaviour
of the natural world - and uses distinctive
concepts and ideas to express our under-
standing. And there are distinctive features
of its approach to enquiry, though these are
not easy to specify in detail
>cientific knowiedge also meets the sec-
ond criterion. It js very clear that many of
the major ideas of science are counter-intuj-
tive, as Wo!pert, for example, has recentlv
argued [8]; they are not simply acquired
through experience. Teachers’ experience
of the problems of ‘discovery learning’ and
of the persistence of misconceptions and
‘alternative conceptions’ despite evidence
which conflicts are persuasiveevidence that
this is so. The second criterion, however,
may be moresignificant as regardsso-called
processes of science: [ have argued else-
where [9] that ‘process skills” such as ob-
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serving, classifying, predicting and so on
are acquired informally - indeed are used by
children from a very early age - and that the
issue for science education is not teaching
or developing these, but encouraging stu-
dents to use capabilities they already pos-
sess in exploring scientific questions.

The third condition, that science is impor-
tant and of value, raises the questions ‘im-
portant and of value to whom?’ and 'for
what?’. Milner lays out 2 number of ways
in which science is important and of value
both to the individual leaner and to society.

Ifn!rinsicjus:iﬁ ation

Scientific knowlegge is a cultural product of great
i intellectual power and beauty. Humans have a
curiosity about the natural world whici scientific
knowledge can help 1o satisfy. Many pecpie have
found the pursuit of science personally satisfying

andrewarcing.

instrumentaljustification
Scientific knowledge is necessary in order 1o
g ioimemmgd noagrical dicisions about

- TS w

everyoay mailers;

- paricipate in decision-making on issues which
have a scientificiecnnoiogicai ccmponent;

- workinjobswhichinvolve science and technology
(2t various levels)

. and Durant [10}epproach thesame
cuestion irom a rather different perspec-
five, in an article entitled: ‘Why should we
promote the public understanding of sci-
ence? They set out the different arguments
which can be found in the literature on
publicunderstanding. These canbe grouped

into five distinct categories.

The economic argument: that there is 2
connection between the level of public
understanding of science and the nation’s
economic wealth. In addition, scientific
and technical achievement is seen as a
sign of a nation’s international standing.
Maintaining this depends on a steady
supply of technically and scientifically
qualified personnel.
@The utility argument: that an under-
standing of science and technology is prac-
tically useful, especially to anyone living

in a scientifically and technologically so-
phisticated society. They are better
equipped to make decisions about diet,
health, safety, and so on, toevaluate manu-
facturers’ claims and make sensible con-
sumer choices.

3)Thedemocraticargument: thatanunder-
standing of science is necessary if any
individual is to participate in discussion,
debate and decision-making about issues
which have a scientific component. Deci-
sions have to be made a2bout transport,
energy policy, testing of drugs and treat-
ments, disposal of wastes, and so on.
There should be public accountability
about the directions of some scientific
research, and public involvement in deci-
sions about whether or nct to upply such
knowledge.

e social argument: that it is important
t5 ThaIntain [iNks between science and the
wider culture. Specialization and the
increasingly technical nature of modern
science is seen 2s a social problem, lead-
ing to ‘ncipient fragmentation - and the
alieration of mwuch of the pubic remn
science and technology. A related argu-
ment is advanced from the science side
that improved public understanding will
lead to more sympathy with, and hence
greater support for, science and technoi-

ogy itseil
Toe-culturalasesment: that science is a
major - indeed, i1 major - achievement of
our cuiture and that all young people
should be enabled to understand and to
appreciate it. We should celebrate sci-
ence as a cultural product.

These five arguments correspond closely to
the justifications offered by Milner. I have
simply stated the arguments above. In the
next section, I want to look at them more
critically, and use them to develop criteria
for decisions about the science curriculum.

CONSIDERING THE ARGUMENTS FOR TEACHING
SCIENCE

Before considering each of the five argu-
ments identified above, it is important to
acknowledge that the school science cur-
riculum has to do two jobs. For only a
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minority of voung pzcple, school science
from 5-16 is the first stage of their training
as scientists. They will go on to more
advanced courses and perhaps {c careers
which involve science. For them, the 3-16
programme must provide a satisfactory
basis for further study. The majority, how-
ever, will not study science further. For
them, science is part of their gereral educa-
tion, part of their preparation for life in a
modern technical, industrialised democ-
racy.

The science curriculum functions as:

access to basic .

first stages of a
scientific literacy *

y
* trainingin science

for a2 minority ior the majority

At present in the UK, as in most othar
countries, the same science curriculum has
to serve both ends. But it is far from clear
that any one curriculum can do both these
jola Ll livel, T

tnat the present curricuium has evolved, in -
2 fairly seamless line of descent, from zur-
ricula designed for training in science. Na-
tional Curriculum science is the son (or
daughter) of GCSE sciance, and the grand-
sen/daughter of GCE O-jevel science. It
has changed at the margins, some topics

»have been trimmed a little, it is less formal
and miathematicai - but its ancestry is clear.
We have, in effect, assumed, through the
period of comprehensivizationand the end-
ing of the GCE/CSE divide, that the route
to a science curriculum for zll was essen-
tially to modify the tra‘ning in science cur-
iiculum to make it more accessible.

The result has been to make the 5-16
science curriculum less suitable as a prepa-
ration for mere advanced study, whilst
largely failing to make it motivating or
accessible to the majority. The evidence for
the former is the reducing proportion of
students choosing to study science, particu-
larly physics, in post-compulsory educa-
tion, and the growing (and largely justifi-
able) perception that post-16 science is a
difficult option, involving a considerable
step-up in difficulty from pre-16 courses;
and, for the latter, the low levels of under-

oIS AUWeer, sty Cieus

i0

standing of basic science discussed ezrlier.
The present curriculum faljs cetween two
stools; it is unsuited to either of its pur-
poses. '
Rather than considering further piece-
meal modification, I think we nee £5 ask:
what would the science curriculum look
like if it were designed with the needs of the
mejority in mind? What weuld a science
curriculum designed to promote scientific
literacy for the majority look like? These are
the questions that I want to focus on in
considering the five arguments for teaching
science. Later, as a separate question, we
might wish to ask: would such a curricu-
lum also be a reasonable preparaticn for
further study in science for the minority
who so chose? ’

The economic argument

The economic argument points to the con-
nec'zipn. behygen science and technology
AR nTusivial voenlibe Hom. ang o e
need for a continuing supply of science
specialists tomaintainand develep thetech-
nological infrastructure. This is a strong
argument for making a ‘training in science’
curriculum available to sone students, but,
as reiatively few highly trained sciertic:s
are needed, it does not, as Chapman [1]
argues in detail, provide good grouncs for
teaching science to ail students to age 16.
The case for promoting public understand-
ing of science will have to be made, and
indeed is usually made, in terms of the
other four arguments: the utility argument,
the democratic argument, the sccial argu-
ment and the cultural argument.

The utility argument

Theutility argument s that scientific know!-
edge is necessary for coping with aspects of
everyday life. But most pieces of technical
équipment can be used with little under-
standing of how they function and techno-
logical advance tends to make such under-
standing gradually less (rather than more)
necessary. Few practical decisions are taken
primarily on the basis of scientific under-
standing. When scientific knowledge is
used in everyday settings, it is usually en-
capsulated in the form of a simple rule of
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thumb, like ‘metals conduct’, or ‘if an elec-
trical device stops working, it’s probably a
broken connection’. Layton [11)showshow
ccientific knowledge invariably has to be
reworked and reconstructed to enable it to
be used to guide practical action.

There is also no evidence, so farasl know,
that physicists have fewer road accidents
because they understand Newton’s Laws
of Motion, or that they insulate their houses
better than other comparable social groups
because they understand the laws of ther-
modynamics. A study of Leeds pensioners
[12]) showed, not surprisi.ngly, that their
decisions about heating their homes were
based on & host of fzctors, many of which
were socizl, and not solely on their under-
standing of heat loss and insulation, which
was frequently over-ridden by other practi-
caj and aesthetic considerations. These ex-
amples do not, of course, argue that no

piece of scientific knowledge is ever practi-
=it pzefal But thev do suggest that the
utility argument for understanding science
is overrated.

Pernaps a utility argument can be con-
structed on a weaker interpretation of ‘use-
fulness’. It might be argued that some
uncerstanding of how artefacts work, and

even of natural phenome: 2. mazkes or:e feel -

more knowledgeable, and hencemore ‘com-
fostable’ in everyday life. Indeed explana-
tons of this sort feature prominently in
popular science publications and appear to
be quite widely seen as part of scientific
literacy. It is, however, difficult to argue
that an interest in such matters is more
valuable, either to the individual or to soci-
ety, than many of the other interests that
people might have. Such an interpretation
of ‘utility’ could scarcely justify compul-
sory science for all.

The value, I think, of the utility argument
is that it challenges us to take the criterion of
‘usefulness’ of knowledge seriously. It
points towards a science curriculum with a
much stronger emphasisona technological
way-of-knowing about phenomena, on
more immediately applicable knowledge
rather than abstract general principles.

The democratic argument
The democratic argument is that an under-
standing of science is necessary to partici-
pate in discussion, debate and decision-
making about science-related issues in soci-
ety. Here again there are problems if we
ush this claim too far. First we need to ask:
what level of understanding is necessary if
we are not to trivialize the issues? Even
practising scientists often recognize that
they are not well enough informed aboutan
issue outside their own specialist area of
science to take a firm view. Second there is
the sheer number of issues. Can we really
prepare young people to hold an informed
view on genetic engineering, embryo re-
search, nuclear power, disposal of toxic
substances, the health risks of saturated or
unsaturated fats in the diet, the possible
dangersof living close tohigh tension power
lines, and so on? Even if we could, can we
anticipate the new issues that will arise
during their lifetime? As the answer is
varely no, zrawe then clziming that therz is
something transferable that students can
Jearn by studying some of these issues,
which will better equip them to deal with
others in the future? If so, then we should try
to spell out what this transferable core is.
The democratic argument points, I think,
not to rather vague and ill-defined aims
zbout developing ‘decision-making skills’
or ‘increasing awareness of science in soci-
ety’, but rather to the need to give curricu-
lum priority to fundamental understanding
on which the more detailed knowledge
needed to grasp particular issues can be
built, if and when it is needed. We will
return later to the question of what these
‘fundamental understandings’ might be.

The cultural and social arguments

The cultural argument is that science is a
major achievement of our culture which all
young people should therefore be helped to
understand and to appreciate. The curricu-
lum justification for science then becomes
simnilar to that for literature, art or music. It
might be argued that the cultural argument
for science is stronger than for these; science
is not just a major cultural achievement - it

11
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is tic defining product of our culture, the
thing which we can most confiden:ly expect
the historians and even archaeoiogists of
the future to identify as characteristic of our
time. And, as Midgley [13] argues:

Any system of thought playing the huge part
that science now plays in our lives must also
shape our guiding myths and colour our im-
aginations profoundly. It is rot just a useful
toel. (p 1)

It would surely be a strange cuiture in-
deed that did not wish to pass on its most
prominent thought-system to new genera-

<

tions. The problem for science educators is
thatwehave notreally thought out, I would
suggest, what it would mean to teach, say,
Newton's law of universal gravitation, or
Lavoisier’s discovery of oxygen, or the dis-
coverv of mictches by the eariv
1IZrosCopists as cuiiural landins ot
‘han as useful knowledge or as illustration
of scieatific enquiry methods.

The social argument is closely related to
the cultural one. Itis that it is important fcr
sucial cohesicn to maintain links betiveen
sciange ana the wider culture. Science in
the twentieth century has become increas-
ingly remote nd technical, and difficult o
the layman to understand. The gulf be-
tween science and the rest of the culture
threatens the health of both. Whilst we may
agree that this is a concern, it does not lead
very obviously to any specific criteria for
science curriculurn design.  We Tight,
though, note that ‘reading-about-science’
has never been regarded as an important
partof the curriculum. We may be neglect-
ing a powerful educational resource in con-
structing a model of the science curriculum
which gives little or no role to the writings
cf authors like Stephen Jay Gould, Paul
Davies, Richard Dawkins or Primo Levi.

g w2t
S, Jather

TOWARDS A SCIENCE CURRICULUM FOR PUBLIC
UNDERSTANDING

To summarize the discussion in the preced-
ing section, | have argued that the utility
argument points to a more technological
emphasis in the science curriculum, that the
democratic argument implies a need to fo-

12

cus on fundamental understandings which
provide a basis for the learning of specific
details when these are required, and that
the cultural importance of science provides
2 strong argument for introducing all stu-
dents to scme of the major advances in our
understanding of the world, seen as signiti-
cantcultural events and achievements to be
celebrated.

Inow want to consider the form of science
curriculum to which this might lead, look-
ing in tum at each of three aspects of an
understanding of science:

* understanding of science content (or sub-
stantive scientific knowledge);

* understanding of the methods of enquiry
used in science;

* understanding of science as a social enter-

vrise. J

Understanding scierce conien,
Whatsubstantive science knowled ge should
&¢ Included in a science curricaium for
public understanding? Whilst it is fashion-
able to scorn a simple ‘Ceficit medel’ of
pubiic understanding - the idea that the
‘problem’ is simpiv that reople don’t have
enough substantive science knowledge - it
is surely the case that no one could be
regarded as scientifically literate without
some understanding of some science con-
tent. But what content?

Given the evidence of students’ lack of
understanding in so many basic areas, the
guiding principle as regaids curriculum
content must surely be: do less but do it
petter. It is almost a commonplace to ob-
serve that the science curriculum is over-
loaded. Asa result, it is unclear about its
priorities; students (and perhaps also teach-
ers) are unable to see the wood for the trees.
The plethora of textbooks, curriculum pack-
ages and syllabuses conveys an impression
of lack of consensus about priorities, and
about structure. What is central? \What
really maiters?

I'would suggest that the science curricu-
lum from 3-16 should have two aims as
regards science content:

* to helg_gg@gg;;bgggmgmore capable in
their interactions with the material world,
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by emphasizing a practically useful, tech-

nological way-of-knowing;
s%d_u_arlll_____to develop _students’
understandings of asmallnumberof pow-

erfal"mental models” (or ‘stories’) ahout

the behaviour of the ratural world.

There is not space in this article to develop
either of these ideas thoroughly, but I will
try to use a few examples to illustrate what
I have in mind.

A more technological emphasis
Take energy as an example - a concept
which is rightly regarded as one of the great
achievements of science. The problem is
that the scientific energy concept is simply
too abstract and difficult for most students
up to 16. We mightdobetter if we based our
curriculum treatment on the everyday
meaning of energy, which is essentially syn-
onymous with ‘fuel’ - something which is
used up in processes, makes things happen,
is valuable and in limited supply and so
should be used sparingly. The curriculum
would focus on useful ideas like fuel use
and fuel efficiency. ideas about insulation
could be based on a simple ‘czloric’ model
of energy, which is useful (and widely used
by engineers) in this context.

Similarly, many students can cope admi-

rably with 2 technological way-of-knowing:. -

about simple electric circuits, using ideas
abcut closed loops tomake circuits toswitch
things on and off as required, and variable
resistors to control brightness of bulbs or
speed of motors. But they quickly become
lost in the theoretical model of current,
voltage and resistance. Even practising
electricians and repair men rarely use the
formal model, but base their understanding
on more pragmatic models and rules of
thumb. In mechanics, a technological ap-
proach might include the uses of levers,
gears and pulleys, and could explore fric-
fion and air-resistance in relation to real
practical problems, without introducing the
difficult and counter-intuitive idea of iner-
tia.

Theseideas are far from exhaustive. They
are intended only as illustrations of topics
where a significantly different approach

might be adopted. There are other topics
and perhaps also some new topics, such as
information, where a technological way-of-
knowing might be a more appropriate cur-
riculum 2im than an abstract theoretical
understanding.

This may also be the place to acknowl-
edge that there is a place, perhaps even a
need, in the science curriculum for a small
amount of what might be termed ‘scientific
general knowledge’. Forexample, itmay be
important for students to know that metals
come from ores which are mined from the
Earth’s crust, and that plastics are made
(largely) from oil - withoutnecessarily know-
ing much about the processes or chemical
reactions, involved.

Powerful models

Models are important because they are at
the heart of science as an intellectual en-
deavour. The central aim of science is to
provide explanations for natural phenom-
ena; the form these explanations take is of a
‘story’, or ‘entzl model’, which provides
a means of thinking about what is going on,
zccounting for the things we have observed,
and imagining how things might turmn outin
new situations.

Models of this sort are, however, rarelv
directlv applicable to everycay situatons.
Their inclusion in the curriculum cannot oe
justified by a simple appeal to the utility
argument, though they may, of course, pro-
vide the understanding for actions we carry
out on the basis of trust, for example, when
we follow medical advice about a course of
treatment, or aboutchanging our diet. Some
models also provide the basic understand-
ing which is essential for getting to grips
with many key issues involving the applica-
tion of science. They do not, of themselves,
provide all we need to know to reach an
informed view on the issue; but without the
basic understanding they provide, itis hard
to see how any rational understanding is
possible. So, for example, Andersson [14]
shows how an understanding of the possi-
ble effects of pollution from vehicle ex-
hausts depends on an understanding of the
scientific model of a chemical reaction.

-
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Therefore, he argues:

The cencepts used here - atom, molecule,
chemical reaction - shouid be partof the men-
tal equipment of every pupil by the time he or
she leaves school. They are key concepts that
help build a rough model of various situa-
tions, for examples, one’s own working envi-
ronment. These concepts enable us o form a
general picture and provide a basis for further
enquiry about the details. (pp 53-4)

Some models, on the other hand, like the
scientific model of the solar system, have
little practical utility, nor do they underpin
an understanding of issues. But the idea
that the Earth goes round the Sun (rather
than vice versa) and rotates on its axis, and
the way this can account for the seasons and
for day and night, is surely something eve-
ryone should be helped to understand as
part of their general education. Itis part of
coming to understand who we are and the
sort of universe we inhabit. So too, in a

net-

Giffarent way, isanunderstandin
ics and inheritance, ansd af woon! o
c:aim ot these models to be included in the
curriculum is largely cultural - that these
ideas are cultural products of significance
and beauty, and that a knowledge and un-
derstanding of them is life-enhancing.

The criteria, then, for choosing which
models to include in the school science
curriculum are their cultural significance
and their role in underpinning an under-
standing, in broad terms, of issues which
may enter the public domain or of personal
actions. ‘the models I would nominate, in
no particular order, are:

* the atomic/molecular model of matter
(emphasizing the scientific understand-
ing of chemical reactions as
rearrangements of matter)

* models of the Earth-moon and Earth-Sun
systems, of the solar system, and of the
universe

* the source-radiation-receiver model of
Interactions at a distance (leading to aray
model of light and of vision)

* the field model of interactions at a dis-
tance (gravitation, magnetism, electric
fields)

oye e
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* the “germ’ theory of disease

* the gene model of inheritance

* Darwin’s theory of evolution of species

* models of the evolution of the Earth’s
surface (rock formation, plate tectonics)

The first two of these should be used, in
part, to develop ideas about size, scale ard
distance, from the very large to the very
small. The ‘germ’ theory is also valuable in
this regard, in introducing ideas about enti-
ties at a scale between the visible and the
atomic/molecular. The last two in the list
should be used, in part, to develop ideas
about time scales.

Some other elaborations and applications
are also important. It is, for instance, im-
portant to make explicit the application of
the idea of a chemical reaction to biological
processes so that students appreciate, for
instance, that digestion of food provides
building biocks for new tissue, or thatplants
make additional bulk by chemical reactions
which use raw materials from the plant’y
#nvironment. The cycling of some Key
chemicals (for example, of oxygen and car-
bon dioxide in the atmosphere) is also an
important idea, which depends or: a certain
level of understanding of the atomic/mo-
lecular  processes within closed
{2co)systems.

Ifwe are really to ‘do less but do it better’,
then some long established content wil]
inevitably have to go. Some notable omis-
sions from the content sketched above are
the Newtonian model of motion, {he scien-
tificmodels of energy and change (en tropy),
alotof detailed chemistry, waves, the scien-
tific understanding of electric circuits,
though several of these might remain, with
a more technological emphasis as discussed
above.

Understanding the methods of science

A second aspect of understanding science
involves knowing about the methods of
scientific enquiry. A major difficulty, how-
ever, is that there is not universal agree-
mert about what these methods are. Many
of the ideas which have been (and still are)
communicated, both implicitly and explic-
itly, by the science curriculum about the

SO e i M b e e
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methods of science are naive, and counter-
productive froma public underst'anding of
science point of view. ‘Process science’ and
the 1991 version of the National Curricu-
tum Sc1 [15] are cases in point. Theidea that
the method of science is to begin with un-
prejudiced observations, to look for pat-
terns in these, then to form hypotheses from
which specific predictions can be made and
tested experimentally is a caricature of the
way scientists work; and, in the hands of
learmers, it does not lead to scientific knowl-
edge or understanding. Children come to
science, at age five, already able to observe,
cia:sify, hypothesize, predict, compare
“fairly’, and so on, with highlevels of skill in
contexts where they see the purpose in
doing so. There is no need to spend lesson
time ‘developing’ these capabilities.

It is, of course, easier to criticise the teach-
‘g of sciznce madtad hanie mazredetaiied
nd realistic proposals about how to in-

ove it. Cne critical issue to resolve at the
sutset, 1 think, is whether we consider an
inderstaricing of science method valuable
because it provides a generally useful
method of enquiry which people should be
encouraged to use more widely (a transfer-
abie skilis zrgument), or because i isimpr-
tant for everyone to know something about
the way scientific kriowledge has been, and
continues to be, obtained. The former is
based on the utility argument, the latter on
the democratic, social and cultural argu-
ments. There is little evidence to support
the former argument: not only can no one
describe the scientific method in detail, but
it is also far from clear that a scientific
approach is useful or appropriate, in most
situations of practical decision-making.
There is no universal algorithm for “finding
out’, or even for ‘weighing up the pros and
cons’. On the other hand, knowing (as
opposed to merely assenting to) the scien-
tific explanation of a phenomenon involves
being able to give grounds for holding ideas
and propositions to be true. 5o an under-
standing of science content necessarily in-
volves knowing something abouthow these
ideas came to be held, and about the war-
rants for accepting them as useful and valid.
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If our aim in the science curriculum, then,
is to develop students’ understanding of
the ways in which scientific knowledge is
obtained, it is useful to separate out two
distinct strands:

+ One has to do with the collection of em-
pirical data which can serve as evidence
in making or supporting 2 case. This
involves an understanding of some pro-
cedural concepts, such as accuracy, reli-
ability, validity. It has to do with under-
standing therelationship between a meas-
urement or observation, and the ‘truth’.
It also includes the very notion of a meas-
urement itself (the idea of 2 standard unit
and a method of counting), of modelling
behaviour in terms of relationships be-
tween variables, and of logical reasoning
in situations involving several variables.
Many cf these ideas apply gererally to
atic anquiry, not only in the sci-

ences, and centre around the notion of

evidence and the quality (or persuasive-
ness) of evidence. ‘The curriculum impli-
cativns, perhaps, are that practical work
needs to give greater emphasis to uncer-
tainty and error. Estimations of accuracy,
reiiability (the need to repeat measure-
rnents) and validity (are you measuring
what you think you are measuring?) need
+c become much more commonplace, from
an early age. We should try to avoid any
suggestion that there is an infallible
method, or algorithm, for gaining the sort
of knowledge which can convince other
people. This need not involve tasks with

a high level of conceptual demand: con-

vincing others that insulator A really is

better than insulator B, or that shoe soles

X really do grip better than soles Y could,

in principle, do the job. And the use of

evidence for persuading may need an
audience, real or specifically created in
the classroom, if it is to succeed.

A second separate strand has to do with

the role of theory in science. It involves

understanding that the purpose of sci-
ence is to generate explanations of the
physical world which account for ob-
served phenomena, and may predict oth-
ers, or suggest phenomena to look for or

cyrTern
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create. The theories we put forward as
explanations do not simply restate the
data in different terms. They are conjec-
tures, made on the basis of available evi-
dence and data, but never completely
entailed by that evidence. Theories do
not emerge from the evidence; there is
always an element of creative specula-
tion. They do not report the data, but
propose explanations of it. Theorizing
involves imagination and guesswork and
risks being wrong. Understanding this
strand of science method involves recog-
nizing theory as separate from data, and
being able to relate theory and data ap-
propriately - to say, for example, whether
given data agrees or disagrees with 2
given thecry (orwithseveral) and todraw
logical conciusions from this.

Understanding science as a social enterprise

Of the three aspects of an understanuig of
science, this s perhaps the hardest to reiate
toa curniculum specification. Many science

educators (those associated with the STS

. movement [1§], for example) agree that this

third dimension is important, but it is oiten
unclear what it is ‘about science’ that they
want students to know. From a curriculum
point of view, a key issue is to ciarify what,
exactly, this third dimension amounts to.
What, precisely, do we want young people
to understand about the social structure
and relations of science?

I would pick out two key ideas (whilst
acknicwledging that there may be others):

* That scientific knowledge is the product
of sustained social work. It is developed
through a struggle to understand, make
sense and communicate and share ideas.
Ideas emerge from acting on the world,
not just talking about it.

* That there are crucial differences between
science in the laboratory and in the real-
world. In the lab, situations are simpli-
fied, so that one entity in the situation can
be isolated from the interference of oth-
ers, and hence understood. Real-world
situations, however, are invariably messy
and complex. So there is always some
uncertainty about how (or even whether)

16

the laboratory findings apply; and about
what weighting to give to different pieces
of evidence. And, in most cases of dis-
pute, forms of knowledge other than scien-
tific knowledge, and including values, are
relevant to the decision-making process.

A science curriculum for public under-
standing should aim to help students de-
velop their awareness of both of these. As
regards the first, the curriculum would pro-
vide opportunities for students to get to
know more about real scientific work, by
looking at some examples in detail. These
should range from the routine scientific
work of a hospital Iab histologist or water
poard analyst, to the ‘normal’ science of
much industrial and university research, to-
the mould-breaking revolutionary devel-
opmentsinscience. This mightbe provided
through readings or video, but also surely
Ly visits o piaces where science s done.

: -

‘And students shou'd als
something of the oros
scientific kruowriedz ENER
ing of new ideas and results at conferences
and through papers in journals, the proc-
esses of refereeing and peer-review, the
replicationand checking of unexpected find-
ings.

If we are thinking of the curriculum from
5-16, then we need a model of progression
in this area, to guide the choice of examples
used. Students might, over the period,
study a number of specific examples of
scientific work in some depth, chosen to
illustrate, progressively, scientific ways of
working such as:

thinde Joases
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* systematic, careful data collection (for
example), in environmental monitoring
or weather forecasting;

‘inductive’ pattern seeking (as, for exam-
ple,insomeepidemiology, or public health
work);

checking an idea by testing it (or a predic-
tion based on it);

proposing a new view of an area (such as
Lavoisier’s discovery of oxygen, or
Pasteur’s work on disease, or the conti-
nental drift and plate tectonic hypoth-
eses):
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One of the key messages from this sort of
work should be that there is no single way
in which science works to obtainnew know!-
edge, and no guarantee of success in solv-
ing a problem. Looking at the 5-16 curricu-
Jum as a whole, the aim should be gradually
to develop ideas about the need for a base of
reliable data, the role of imagination in
generating explanations, the reception of
novel ideas, the causes of disputes and their
eventual resolution.

Alongside these ideas about the develop-
ment of scientific understandings of the
world, there should also be some case stud-
ies of disputed applications of science, with
the principal aim of highlighting the range
of considerations (scientific and non-scien-
tific) involved in reaching any practical
Gecision. Here there are also clear links
with understanding scientific methods of
enquiry - in particular, ideas about reliacil-
ity of data and the diference between data
and expianation. Students shcuid have

ugies, per-
s

expesicnce of soime axtencs
haps one each school year, in which they
work in groups on a practical issue requir-
ing them, as a group, to make and defend a
decision with practical consequences. This
sort of waork would have to be supportec by
an extensive pack of background informa-
tion end cata.

SOME CONCLUSIONS

In the introduction to this article, I outlined
some areas of concern about the current
science curriculum: the evidence that little
is learned, the sense that what is on offer
may miss students’ interests and needs, the
dulling uniformity of pace. How would the
curriculum for public understanding
sketched above address these concerns?
First, I think, by identifying clearly a small
nuiniw’bg_rﬁog'eM&asjhecorecomem_to
be taught, and by providing a framework
which enables clear goals to be set for a
deveib'WdZﬁMic
-methods_and_of science as a social enter-
prise, it provides a better basis for improv-
ing “understanding-of-keyideas and—for-
monitoring the extent of understanding.

——
——

-

For many of the key models, there is a
considerable body of research data on chil-
drerv’s ideas, learning difficulties and strat-
egies for addressing these. Where there is
not, clarity about aims would help us iden-
tify priority areas for further research and
development of approaches.

Second, I think that a more technological
emphasis, together with a focus on a small
number of key models, would stand a bet-
ter chance, if imaginatively presented, of
catching and holding the interest of more
students, than a curriculum whose struc-
ture and rationale is often unclear to teach-
ers and must appear even less clear to
learners.

Third, I would suggest that case studies,
of the historical development of ideas, of
actual scientific work (either contemporary
or historical), of disputes about the applica-
tion of sciance, and more extencded practi-
cal investigatizns with a focus or assem-
bling persuasive evidence to support a con-
ciusien. Thesealsc provideappropriate con-
texts for students to voice their cown views
and opinions, anc. 2 cafend those, o well
as a means of varying the pace of science
lessons - with groups cf lessons devoted to
more intensive development 0: x2y ideas,
followed by others in which students un-
dertake work which makes use of their
developing understanding of thase ideas,
and so consolidates and reinforces it.

The science curriculum outline proposed
above is no more than an outline sketch. It
is not worked through in any detail. Issues
of sequence and timing have not even been
considered. Others may identify, and wish
to argue for, different priorities. I hope that
this article might stimulate debate. Hard
questions need to be asked, and conven-
tional answers challenged, if we are tomove
towards a science curriculum which ismore
suited to the task required of it, as a core
element of the curriculum for all young
people.

First we need to decide why we want to
teach science to all our young people; from
that we can perhaps work outwhat we want
to teach them. Then research, linked closely
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Pigs kill trees
I Ammonia from animal wastes in intensive Pig-rearing units js acidifying soils angd
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' streams, the Nationa] Environmenta] Research Council has found. I
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It (ammonia) reacts with nitrogen to cayse nitrogen saturation, ¢ ted as a cause of tree I
I dieback from acidification of the soj].

— Country Life, 14 July 1994 I
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