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THE FOUR PRINCIPAL QUESTIONS

25 WHAT are the successes and failures of science education
o lodate?

L WHAT science education is needed by young people today ?

2 WHAT might be the content and siructure of a suitable model
i for a science curriculum for all young people ?

<y WHAT problems and issues would be raised by the
L implementation of such a curriculum, and how might these
be addressed ?
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BACKGROUND AN@JNTEXT

in seienes for our young people. I is dreiven by a sense ol & growing disparity

between the science cducation provided in our schools and the needs and inter-
et of the voung people who will be owr future citizons. Bducation, al the end of the
20th cemury. ne longer prepares individuals Tor secure, lifelong employment in
lozal industry or serviees. Rather, the rapid pace of technolegical chamge and the
globalisation of the marketplace have resulted in a need Tor individuals who have a
broad general education, good communication skills, adapiability and a commitment
to lifelong learning. Our view is that the form of science cducation we currently
affer to young people is outmoded, and fundamentally is still a preparatory educa-
tion for cur future scientists, An advanced technological society such as ours will
always require o sapply of woll-qualified research scientists. but this requirement
will he met, as at present, by educating and training only a small minority of the
population. Oo the other hand, the ever-growing importance of scientific issues in
our daily lives demands o populace who have sufficient knowledge and under-
standing to fllow seience and seientific debates with interest, and (o engage with
the issues seienee and welnology poses - both for them individoally, and for our
socioty as a whole. Without a fundamental review and reconsideration of the aims
and content of the science curriculum, what we offer our voung people is in danger
of becoming increasingly irrelevant hoth to their needs amd those of society,

The familiar justilications for science education have also worn thin when
conlronted by the daily realities of classroom life. Amongst teachers, scienee educators,
curriculum developers, and others engaged or interested in science education at
school level, there is now a growing concern about the elfectiveness of the existing
scienee curriculum, and itz appropriateness as part of the core curricolom. 18 is this
concern which led o a proposal for a series of seminars o consider these issues,
which wore funded by the Nuffield Foundation.

This report presents the main outcomes of the seminar programme. The aim
of the seminars was (o consider and review the form of o education required
Lo prepare young people for life in our society in the next century, In addressing
our task, the series of seminars considersd four principal questions, and these are
given on the left, To consider these guestions four closed seminars [see Appendix 1
for list of attendees) and two Open Meelings woere held between January 1997 and
April 1998, The Open Meatings were held in Birmingham (fuly 1997) and Leeds
(April 1998) and attended by approximately 150 people in total,

The recommondations and arguments of this report are essentially, therefore,
thit ideas emerging from the discussions of twenty people over four weekends and
twan Open Meetings, Whilst we helieve that they offer a new vision amd rationale for
seionce educaltion, inevitably we recognise, and hope that others will do so like-
wise, that they cannot address all the details or resalve all the issues that need to
b considered. What the report does offer is a broad (ramework - a platform from
which we hope o new and more relevant contemperary curriculum may cmerge.

THIH REPORT 15 THE PRODUCT of a desire to provide a new vision of an education

R E RSO
The erer-growing importance of scientific
issues in our daily lives demands o populoce
who have sufficient knowledge and
anderstanding to folfow science and scientific
debates.
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SCIENCE CATION:what we have achieved

past lorly years, In the 19605, the tripartite system ol grammar, technical and
secondary modern schools meant that the majority of pupils were aflered a

scienee oducation of a general or vocational nature. In contrast, the grammar
sehool minority pursued more academic GCE courses which provided a more for-
mal introduction Lo seience and a preparation [or fuether study at A-level, In both
cases, biology classes were dominated by girls and physical sciences by boys. During
this period, major curriculum innovation was undertaken by the Nuflield Founda-
tion which funded an extensive series of corviculum reforms in the style, i not the
content, of eourses in all the three main sciences at both O- and A-level. Thess gave
greater emphasis to the role and use of experimental work and have had a significant
influence on the practice of science eaching which stll persisis.

The ‘comprehensivisation’ of the school structure in the mid 19605 drisw at-
tention more forcibly to the needs of the majority, In response, several science
courses were developed which sought w provide an appropriate scionce education
for the less academic pupil, notably Nuffield Secondary Scierce in the late 19605
and Seience of Wark in the 19705, Other courses developed during the 1950s
sought te place greater emphasis on the ‘processes of scienee’, arguing that the
knowledze base was ever-changing and therefore of loss value and importanee;
examples are Wartick Process Science and Science in Process,

During the 19805, a consensus was building within science education, articu-
lated forcefully by Her Majesty's Inspectorate in their policy statement Science
F-16, that all young people should have a ‘broad and balanesd” science education
between these ages, occupying (for most pupils) 2005 of curriculum tme Criom age
14 to 16. This was soen as necessary to ensure a broad, general curriculum for adl
and to eliminate the strong, gender-related effocts in subject choice, Consequently,
the introcuetion in 1986 of the GESE 45 a single examination system for all pupils
resulted inoa variety of science courses that included all throe main sciences, that
were intended to be suitable for all young people, and also led o a double award
GOSE.

Within primary schools, major initiatives Lo improve science education such
as Seience 5-13 in the 19705 had led to & greater awareness of the potential value
of seience cducation for children of primary age. However, provision was palehy
and the quality variable with too many schools offering an education that failed o
transcend the limitations of nature studies, Again, Her Majesty’s Inspectorate wore
infMuential, arguing in their 1978 survey Scierce in Primary Schools that the
progress of science leaching in primary schools had been disappointing. These
virws contributed (o an emergent consensus, set out in the 1985 Policy Statement
Sctener J=16, that scicnee should be a key component of every child's primary
education, and that this should include topics from Both the physical and biological
seienees, tanght with an emphasis on practical investigation and inguiry.

Consequently, the Natienal Carddeulum, introduced in 1989, made science a

l EIJUI"..-\'I'I{]'N IN ENGLAND AND WALES HAS SEEN considerable change in the

...................... AesmmrssEmsmErann

Science is now a unirersal featere of the
curricalum for all pupils from age 5 (o 16, and
8% of pupils undertake a donble science GUSE
al age [6in a programme which covers all the

FRfOr SCICROes.
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‘core” subject of the curriculum from age 5 te 16, This led to a rapid consolidation
of changes of the sort which had been happening gradually in the lage 19505, leading
quickly to the situation we have at present: sei is now a universal feature of
the curriculum for all pupils from age 5 to 16, and 30% of pupils undertake a double
seience GUSE at age 16 in a programme which covers all the major scienees,

The current significance of gcienee is reflected in the fact that it now oceupies
(e curriculum high table with literaey and numeracy as the essential core of the
primary curriculum. In addition, seienee is also o coro subjoet of the 11=16 curricu-
Ium, along with English and mathematics, Moreover, there has been a general
aceepiance that learning science involves more than simply knewing some laets
and ideas aboul the patural world, and that a signilicant component of science
eurriculum time should be devoted to providing opportunities for personal inguiry,
Both internal and external indicators point o the success of these changes. Recent
OFSTED inspections of primary science have, for example, judged over S0% off
Iessons o be satisfactory or better. And the resulis of the Thivd International Math-
ematics and Science Survey (TIMS5) have shown improvements, over the past
decade, in the performance of English pupils in science, at all ages, relative to their
counterparts in other countries, with particularly nolable perlormance in the sub-
arca of practical science.

e e A L Bl ue e
The current significance of science is reflected
i the fact thal it now occupies the curricuium
high table with lteracy and numeracy os the
essential core of the primary corriculum.
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SCIENCE CATION: the remaining problems

by corresponding change in the content of the science eurriculum, in particular

al seeondary level. This has remained fundamentally unaltered and is. essen-
tiadly, a diluted Toem ol the 19008 GCE curricaluom, Whilst there have heen Some
changes in the forms of assessment used, too much of the summative assessment of
students is still based on factual recall which bears little relationship 1o the sorts of
situations beyond the classroom, whers students may need Wooapply teir scientilic
knowledge and skill, and where an ability 1o sift. sort and analyse information is
paramount. The predominant aim of science courses of the 19605 was 1o provide a
basis of knowledge for lwture specialism in science, ina peciod of confidence in the
soeial benelits of scicoce, and when the “white heat of technological revolution’ was
Seen s requiring ever-growing numbers of seientists to sustain and develop our
industrial productivity. In contrast, contemporary anialyses of the Iabour market
would suggest that our Tuture sociely will need a larger number of individuals with
a broader understanding of science both for their work and to enable them to par-
ticipate as citizens in a democratic sociely,

Since the 1960s, the image of science has been tarnished by a succession of
seientific and technological developments with unferescon enviconmental and soci-
tlal consequences, such as DO, Chernobyl, Thalidomide, CFCs and the depletion
of the czone layer. In addition, scientific developments have led to public unease
about their implications, such as genetic manipulation and cloning. To sustain o
healthy and vibrant democracy, such issues do not require an acguiescent (nor a
hostibe and suspicious) public, but one with a broad understanding of major scien-
tifie ideas who, whilst appreciating the value of science and ils contribulion o our
culture, can engage critically with issues and arguments which involve scientific
knowledge. For individuals need (o be able o understand the methods by which
science derives the evidence for the claims made by scientists; (o appreciate the
strengths and limits of scientific evidence; to be able to make a sensible assessment
of risk; and w recognise the ethical and moral implications of the choices that
seienee offers for action.

However the current curriculum retains its past, mid-twentieth-century em-
phasis, presenting scienee as a body of knowledge which is value-froe, objective
and detached = a succession of "facts” (o be learnt, with insulTiciont indication of
any overarehing coberence and a lack of contexiual relevance to the future necds of
young peaple, The resull s a growing lension between school science and contem-
porary science as portrayed in the media, betwoen the needs of luture specinlisis
and the needs of yvoung people in the workplace and as informed citizens.

These problems are structural and underlying ones. However, they show
themselves in a number of morce readily visible ways,

TIII—'. CHANGING CURRICULAR POSITION OF SCIENCE has not been aceompanicd

QD Too many young people complete their compulsory science education with
apparent suceess, and yet stll lack any familiarity with the scientific ideas which

----- B T R T T e e

The carrent curricilum refaing its post,
mrid-twentieth-century emphosis, preseniing
science s o body of knowledge which is ealue-
Srewe, ofjective and detached — a succession of
Jacts” to be learnt, with insafficient indication
of any overarching colierentce,



SOTENCE EDUCATION: THE REMAINING PROBLEMS 3 20615

they are likely to mect owtside school. Even lor those who “succeed” with the cur-
rent eurriculum, the kind of "understanding” they achieve dors not equip them Lo
deal eifectively and confidently with scientific information in everyday contexis.

t!j) Schonl science, particularly at secondary level, fails to sustain and develop the
sense of wonder and curiosity of many young people about the natural world. This
interest and inguisitiveness which characterises many primary school children’s
response e seience diminishes at secondary level (o a degree which eannot wholly
b accounted for by the onset of adolescence, The apparent lack of relevance of the
school science curriculum to teenagers’ curiosity and interests contributes 1o too
fowy voung peaple choosing 1o pursue solely courses in scienee and mathematics
post-16, preferring instead Lo follow sither courses in the humanities or a mixed
combination dravwn from a range of disciplines.

From our experience of the current scienee curriculum, we would suggest the fol-
lowing reasons for these problems of outeome and pupil response,

% The seience curriculum can appear 15 2 ‘eatalogue’ of discrete ideas, lacking
coberenee oF relevance, There is an over-emphasis on content which is often taught
in isolation from the kinds of contexts which could provide essentiol relevance and
meaning. Insulficient emphasis is given to showing the tremendous intellectual
achivvement such ideas represent, and how they have transformed our coneeption
of purselves and the world we inhabit. The existing stress on content limils the
study of components such as the nature of science: te role of scientific evidence,
probability and risk; and the wiys in which seientists justily their knowledge claims -
all of which are important aspecis necessary io understand the practice of science,

% The science corriculum lacks a well-articulated set of aims or an agreed
model of the development of pupils” scientific capability over the 3=16 period and
beyond. This makes it hard for primary teachers o see how the foundations they
provide will be built upon (and to teach so as to Tacilitate thisk and hard for
secondary weachers to build upon the knewledge and skills pupils have acguired ai
primary school.

% Assessment is based on exercises and tasks that rely heavily on memorisation
and recall, and are quite unlike those contexts in which learners might wish to use
science knowledge or skills in later life (such as understanding media reports, and
understanding the basis of personal decisions about hoalth and diet).

% The Mational Corriculum separates science and techiology, Research, however,
suggests thal many young people pereeive the purpese of the sciontific endeavour
substantially in terms of its techrological produets. Such a distinction is therefore
unhelpful, as not only are the twe inseparably intertwined in the peblic mind, but
the seience then appears detached and irrelevant 1o young people’s concerns and
interests.

% There is relatively little emphasis, within the sciepee curriculum, on disecus-
sion or analysis of any of the scientilic issues that permeate contempaorary life.

................................. dEdsssssEsEAsRsRsRsRRERRREE

The science curricalin lacks a well-articulated
set of aims or an agreed model of the decelopmend
af pupils seientific capability oper the 5=16
prerviced and begoned,
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We would also suggest that the current curriculum and assessment feamework has
the fellowing resulls.

U\'b There is a lack of variety of teaching and learning expericnees leading (o oo
many dull and uninspiring lessons, Sometimes routine practical work is used where
other learning strategies might be more effective. Even investigations, an innovative
practice introduced by the National Curriculum itself, are in danger of succumbing
Lo routine teaching as a consequence of perceived assessment roguiremoenls,

% There is & lack of choice post-14 and, as a consequencs, & science curricolum
which [ails to take adeguate aecount of the diversity of interests and aptitudes of
voung people of this age.

Single award science courses have nearly all of these problems more acately and
are insulliciently differentiated from the double scienco courses. in either their intent
or contient.

Given these continuing problems and dificulties, the questions we have
asked and considered in the seminars are: "Why does an oducation in science mat-
ter? and "Whe is science sducation for?” In the following section, we will disouss
our answers to these questions, and go on (o consider the structure and content of
the seienee curriculum to which these answers point.

aaaaaa B e I T T T

Cuestions we have asked and considered in
the seminars are: "Why does an education
in setenee matter?” and “Who is science
educetion for?®
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THE ROLE OF SCIENCE IN THE

4.1 WHY DOES AN EDUCATION IN SCIENCE MATTER?

The great achicvement of the sciences, over the past three or four hundred vears,
has been w tell ws important and imoresting new things aboul ourselves and the
waorld in which we live. They by no means tell us everything, or even the most im-
portant things we want o know about the world, Bul what they de, uniguely, is 1o
offer a knowledge that can be relied on for action. This reliable knowledge is much
mure than & compendinom of things that happen to have been observed: iU prosents
the world in novel and surprising guises, saying that things are in reality often not
as they seem o be. Science tells us, for example, that diseases are carried by
micro-organisms invisible to the naked eve; that heritable traits are carried by a
chemical code; that all species have evelved from simpler organisms; that all sub-
stances are made of tiny particles held together by forces which are electrical in
nmature: thal the many varied substances we see around es are made up of dilferent
re-arrangements of the same few particles: that we live on a rocky ball with a hot
interior which circles the Sun; and that the Universe had its beginning in a huge
explosion. Acting on the reliable knowledge which science has produced. scientists
have developed a staggering variety of artelncts and products, ranging from electric
mators Lo antibiotics, and from antificial satellites o genetically engineered insulin
for treating diabetes, which have transformed our lives and lifestyles as compared
with those of past generations,

Seience deals with major themes in which most people are already interested,
or can readily be imterestod: life and living things, matter, the Universe, information,
the ‘made-world”, A primary reason, therefore, for teaching scienee o young people
is 1o pass on W them some of this knowledge about the material world, simply
bBecawse it is both interesting and important - and to convey the sense of excite-
ment that scientilic knowledge brings, It is not the =oet of knowledge which will be
learned simply through experience, bul needs @ be handed on through carefully
planned weaching., On & practical level, an understanding of scientific ideas can
help people in decision-making (Tor example, about diet, health, and lifestyle more
generally), and in feeling empowered to hold and express a view on issues which
entor the arena of public debate and, perhaps, to become actively involved in some
of these.

Seienee has transformed not only our material enviromment but also the way
wae think of eurselves, of the Universe we inhabit, and of our place within it The
‘storins’ which science tells about the material world and how it behaves have
made an énormous contribution o our culture. 5o o has the seientilic approach
Lo inguiry, based on evidence and careful reasoning, with all elaims open (o eritical
seruting by a community of inguirers, and founded apen an undorlying commit-
menl o seck material explanations for events in a material Universe which is
assumed to behave regularly and uniformly, in a Jlawful' and non-capricious way.
The influence of these ideas about the Universe, and about how (o oblain reliable

............. A SRS RS

Secience deals with major themes in which most
people are already interested, or can reacdily
be interested: Lfe and living things, matter, the
Universe, informeation, the ‘made-world”,
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knowledge, can be seen in art and literatore, in our insttotional stractures, and in
the values wi hold important. Not to have seme understanding of them is o be, ina
very roal sense. an “outsider’. excluded from elements of our common culture in
much the same way as a person who is unahle t read. Another reason, then, for
teaching science is W enable young people (o become ‘scientifically literate’ - able
to engaae with the ideas and views which form such a central part of our common
culture,

By considering the ways in which evidence and argument have been employed
to establish reliable knowledge about the natural world, and by gaining expericnco
in developing one’s own arguments, and in serutinising twse of others about natural
phenomaena, patterns and regularities in events, and possiblo axplanations for them,
young people acquire and develop important skills and understandings. Theso can
then be used in s wide range of contexts and settings in later iife, in voeational and
social conlexis,

Finally, seienee education alse matters Beeawse we value the products of sei-
enee and technology which permeate onr daily lives, and the beneficial applications
of seientific knowledge in medicine, agriculture, communications, new materials and
g0 on. We need, as a society. (o train and educate new generations of scientisis and
techinologists w maintain the technological toels and systems we valee and to develop
new and better ones o mest new needs and solve new problems. School science is,
for spme young people, the start of the process which will enable them to become
the scientists and technologists of the future.

4.2 WHO IS SCHOOL SCIENCE EDUCATION FOR?

Il is our view that the enormeows impact of the produets of science on our everyiday
lives. and of scientilic ideas on our commaon culture, justify the place of science as 2
core stbject of the school curricabam. studied by all young people from 5 to 1.

Primary scienee i important because it provides a framework for developing
childron's innate curiosily about their natural environment. I fosters habits of
careful observation and the wse of precise language Tor descriptive purposes, Fur-
thermaors, it provides contexes for praclising measurement and the use of number.
More fundamentally. however, establishing any understanding of the world reguires
apporiunities to inleract with the wide variety of natural phenomena that oxist, to
investigais their behaviour, and o lewrn how they are talked about. Such experieices
are rssential to constructing the basic representations and concepls on which a
mare sophisticated understanding of science and wchnology rests - something
which the secondary school attempis to build. [ begins the lengthy process of de-
veloping the ability w produce and understand selentific argumenis, using reliable
and agreed evidence o support conclusions. [ provides a natural opportunity to
bergin to engage with non-fiction wexts and their interpretation. In this way, primary
scienee supports the curriculum priorities of literacy and numeracy, whilst adding
an important dimension that would otherwise be lacking: it starts the developmoent
of voung children’s capability in reasoning from evidence, using clearly and precisely
defined concepls and ideas.

Nor do we believe that the study of scisnce should become optional beyond
the age of 14 for any voung peaple, For the impact of science on our material and
intellectual culture is simply o great, and many of the issues which we need (o

Primary science is important because it
provides a framework for developing children’s
irnnate coriosity abont their natural environment,
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explors with young people, and about which we would wish to help them develop
an informed view (such as genetics, chemical interactions, and radivactivily), require
a level of cognitive development and maturity about social interactions and aTairs
which few have attained by the age of 14, We therofore believe that the study of
seienee should remain part of every voung person’s education to the age of 16 i
young people are to achiove a basic Tmiliarity with scientific concepts which is
essential for engaging with con LM POrary science.

MR CTHIEE MAJORITY OF YOUNG PEOPLIL

the 5=16 science curriculum will b an
end-in-itself. which must provide both a good — The gejence curriculum from 5 to 16

basis for lifelong learning and o preparation should be spe SiaAril e A conree &
for life in & modern democracy, [ts content R B0 SHAIL PHNAny 85 8 COUESe 40

and structure must be justified in these terms, enhance gene ral ‘scientilic |i|.1".l'il.{‘}'".
and not as a preparation for further, more
advanced study.

To say this is nol, however, o disregard the needs of these young people who
cheose in pursue the formal study of science bovond age 16, The currieulum needs
1o cater for this cheice, as it does for other personal and socially valuable choices
and interests, Sociely, as we have noted above, does need & steady Now of prople
wishing 1o becomae science specialists. Bul this is a route which only a minority of
the 5=16 population will follow, and it should oot ihorefore be allowed 0 inluenee
unduly the form and content of the science curriculum offered Lo the majority. Our
view is thal the primary and explicit aim of the 5-16 scienee curciculum should he
to provide & course which can enhance “scientific Hieracy”, as this is necessary [or
all young people growing up in our society, whatever their career aspirations or
apliludes.

By our first recommendation we mean that schosl scienee edoeation should
aim o produce a populace who are comfortable, competent and confident with sci-
entific and technical matiers and artelfacts. The scienee corriculum should provide
sufficient scientific knowledge and understanding (o enabie students (o read simple
neswspaper articles about scienee, and 1o follow TV programmes on new advanees
in seienee with interest, Such an education should enable them o express an opinion
on important secial and ethical issues with which they will inereasingly be con-
fromted, 1t will also form a viable basis, should the need arise, Tor retraining in
wirrk related o science or technology in their later careors,

4.3 CURRICULUM CHOICE

We believe that insufficient attention has, hitherto, been paid to the tension between
the: aims of promoting ‘seientific literacy” on the one hand, and providing the first
stage ol a training in scicnce on the other. Scionee educators have been rather ton
ready to aceept that the same corriculum can serve both purposes, The issue is
mipst acute al key Stage 4, where the similacities in stroctore and content between
the seience National Curriculum and its predecessors, GUSE Science and GCE 0-
Ievels in the separate scienees, outweigh the differences - yet O-level was intended

------- B T T T T T T T ey

For the majority of yourg people, the 5 - 16
seienee curricnlim will be an end-in-itselfl
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for around 25% of the population whereas the National Curricalum is for the entire
cohort, Whilst it may have been acceptable for GCE O-level 1o be designed, essen-
tindly, as the first stage of a training in science, leading easily on o more advaneed
courses, this is clearly an inappropriate model for a currculum for all young people
= the majority of whom will net follow this path,

W believe that it is essential that we now recognise this lension within science
education and deal with it in an explicit and productive way. For, il we do not, then
the needs of a minority for a suitable preparation for more advanced study will
continue o distort the science course which is provided lor the majority of yvoung
peaple, 1o an unaceepiable degroe.

RECOMMENDATION TWO PO THE EXDOF KEY Stage 3, we think

it is approprizte W provide a common
AL Key Stage 4, the structure of the curricwlum, with the necessary differentia-

R =il vads 16 differentiate tion to accommaodate the differing interests
Science cCurricuium necds W diflerentle and aptitudes of learners being managed by

more explicitly between those elements — the teacher, within a single overall currieulum
designed to enhance “scientific literacy’,  specification. Al Key Stage 4, however, we
and those designed as the early stages of ~ recosnise the need for groater diversity. lere

Py L s xe s . : { a structurs is required which will ensure that
a specialist training in science, so that all pupils experience. a course which can pro-

the rsaquirﬂment for the latter does not vide the sort of understanding and appreci-
come to distort the former. ation of seience which every citizen should
have - whilst acknowledging that seme will
wish to procesd o a mons advaneed study of
e bevond age 16, The challenge is to fcilitate such choice, without allowing
it W influence unduly the overall science provision.

It is our view that the pattern of science curriculum which has become
established over the past fifleen years, whereby most pupils aged 14-16 Tollow a
seienes course for 20% of their curricalum tme leading to o double awiard GCSE in
science. is the best means of achieving these aims. The internal structure of this
20% time allocation needs, however, 1o be re-thought, 1o provide greater diversity
ol seienee education provision and o facilitate greater flexibility in the constroction
of schools' and individual pupils” timetables, We would recommend that hall of this
time (10% of total curriculum time) be taken up by o stataiory course for all pupils,
designed o enhance “scientific literaey”, along the lines outlined in this report. This
would then roplace the current "Single Award Seience’, which is widely seen as un-
satisfactory. Alongside this core provisien. wo would then envisage a wide chaoice of
seienee options, including modules of & more academic and of a more vocational
kindd, which could be taken by pupils in a variety of combinations. Dillerent choices
within this “further’ seience time would facilitate differem post-16 options, but we
would want o see these modules continuing to be readily available o students
throughout the 14-19 peried and beyond, to make it easy for young people W pick
up additional modules at different stages and so avoid closing off career options
prematurely, or ircevocably, Moreover, it is important that all options offer a gquali-
fication that is valued by both society and students alike.

U to the endd of Key Stage 3, we think it is
appropriate to provide o common curricalum,
At Key Stage 4, hawever, we recogieise the need
Sfor greater diversity,
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SCIENCE CURRICULUM: AIMS

We need now to make clearor what we mean by a course to enbance "scientifie lit-
eracy’, The essential lirst step is to clarily the aims of such a course. One of the
weaknesses of the curront seience carriculum is that its aims are nod clearly stated.
As a result there is no way of knowing the intended purpose of any specific content
of the curriculum, or the criteria on which the selection and erganisation of content
is based. We recagnise that any statement of aims runs the risk of being bland and
seneral fand hence unexceplionable), Nonetheless, we think it ks important o (ry o
state clearly and divectly the purposes for which we wish (o teach science to all our
voung people, in order (o provide criteria Tor selecting appropriate content and
teaching approaches,

5.

HE AIMS WE WOULD wish for the science
curriculum are st oul below. In stating
the aims of the science curriculum in this
way. wo are, quite intentionally, emphasising
the cultural and democratic justifications
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CULUM

RECOMMENDATION THREE

The science curriculum needs to contain
a clear statement of its aims — making

for an understanding of science. We believe
that these are the main arguments for seek-
ing Lo improve the understanding of science

clear whiy we consider it valuable for all
our young people to study seience, and
wheat we would wish them to gain from

within the general population. We have given
less emphasis w the oft-used argument that
seienee should be tanght because scientific
knowledge is uselul for action. We feel ihat
this rationale has boen over-used by Leach-
ors and others, and has led o disaffection

b realistic and achievable.

the experience. These aims need to be
clear, and easily understood by leachers,
pupils and parents. They also need to

amongst learners when the wtility of the
knowledge they are offered in science Iessons is less than readily apparcent. In et
seientilic knowledge usually has 1o be pe-worked and re-structured before it can b
applied o most everyday situations, because these are more complex and “untidy”
than the simplified situations used in the teaching laboratory o introduce the ideas
to lesvrners. [0 is also the case that increasing technological sophistication is reduc-
ing, rather than increasing, the necd for people (o understand the principles on
which devices and artefacts are based. We can use computers. molor cars, TVs,
video recorders and so on with almoest no understanding of how they work - and
frwer and fewer repair jobs can be carried out by non-experis, Even the plugs for
electrical appliances are now supplicd pre-wired and moulded on?

We alse believe thal young people need an understanding of how scientific
inquiry is conducted - 1o help them appreciate the reasoning which underpins

Young peaple need an wnderstandivg of bow
seientific inguiry is conducted — to help them
appreciate the reasoning which underpins
seientific knowledge elaims.
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seienlific knowledge claims, so that they are better able w appreciate both the
strengths and the limitations of such claims, in a range of situations and contexis.
We would, lowever, suggest that the argument that an understanding of the methods
ol scientific inguiry is practically useful in evervday contexts has been over-ecmpha-
sised. For most purpeses a systematic, common-sense approach will suffice.

Aims of the science curriculum

The purpose of science education, as a component of young people’s whole educa-
tional experience, is to prapare them for a full and satisfying life in the world of the
215t century. More specifically, the science curriculum should:

&+ sustain and develop the curiosity of young people about the natural world
around them, and build up their confidence in their ability to inguire into its behay-
iour. It should seek to foster a sense of wonder, enthusiasm and interest in science
so that young people feel confident and competent to engage with scientific and
technical matters.

% help young people acquire a broad, general understanding of the important
ideas and explanatory frameworks of science, and of the procedures of scientific in-
guiry, which have had a major impact on ocur material environment and on our culture
in general, so that they can;

+ appreciate why these ideas are valued;

+ appreciate the underlying rationale for decisions (for example about diet, or
medical treatment, or energy use} which they may wish, or be advised, to take in
everyday contexts, both now and in later life;

+ be able to understand, and respond critically to, media reports of issues with a
sCiende component;

+ feel empowered 1o hold and express a personal point of view on issues with a
science component which enter the arena of public debate, and perhaps to become
actively involved in some of these;

+ acquire further knowledge when required, either for interest or for vocational
puFpOsEs,

We have set out our views on the aims of selenee education for all young poople in
somie detail because we believe it is important to be clear about why we beliove seioncs
has @ right o be considered, alongside literacy and numeracy, as a core element of
the curriculum. The value of lleracy and numeracy is uneontested. but often there
s a lack of elarity about the value of science education. A clear statement of aims will
help o communicate the value of science education to people beyvond the scientific
establishment —to a wider public, many of whom may feel ill-educated in scienee and
reluctant wo acknowledge its value. We seo the aim of improving seientific literacy,
as we haves characterised it above, as a vital one il we are o create the social and
political climate within which seienes and its products can be both appropriately
valued and appropriately controlled in a democracy.

................................. BEEE RS

A clear statement of aims will help to
communicate the value of science education to
people beyond the scientific estabiishment.
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5.2 PRESENTING THE CURRICULUM

5.z ‘Explanatory stories’

The heart of the culiural contribution of science is a set of major ideas about the
material world and how it behaves, such as the particls model of maer, the germ
theory of infections disease, the gene model of inheritanes, the heliocentric model
of the Solar Systom, and so on. 1L follews that these ideas and themes should be
prominent within the science curriculum.

Such ideas fall within the broad themes of life and living things, matter, the
Universe, and the made=world. These are all arcas where the sciences have somo-
thing lundamental to say, and wgether they display a good deal of the varioty o be
found amengst scientific ideas and scientific thinking. However, in focussing on the
detail (for example, by selling out the content as a list of separate “itlems” of knowl-
edpe a5 doed the English and Welsh Mational Carriculuml, se have lost sight of the
major ideas that science has to ell. To borrow an architectural metaphor, it is
impssible to see the whole building if we focus too closely on the individual bricks.
Yel, withoul a change of foous, it is impossible w see whether vou are looking at 5t
Paul's Cathedral or & pile of bricks, or (o appreciate what it is that makes 51 Paul’s
one the world’s preal churches. In the same way. an over-concentration on the
detailed comtent of science may prevend students appreciating why Dalten’s ideas
about atoms, or Darwin's ideas aboul naturel selection, are among the most pow-
erful and significant picces of knowledge we possess, Consequently, it is perhaps
unsurprising that many pupils emerge from their formal science cducation with the
feeling that the knowledge they acquired had as moch value as a pile of bricks and
that the task of constructing any edifice of note was simply oo daunting - the proserve
ol the holfins of the seientilie elite,

Our proposal i that science education should make much greater use of one
of the world’s most powerlul and pervasive ways of communicating ideas — the
narrative form— by recogmising that its central nim is o present o series of ‘explanatory
stories’. By this wee mean that science has an account b offer in response W such
questions as ‘How do we catch diseases?”. “How old is the Earth and how did it
come o be?”, "How come there is such inordinate variety of living things here on
Earth? It is these accounts Cexplanatory storiesd and their broad features which
interest and engage pupils and, therefore. it is these accounts that any scienee cur-
riculum needs 1o keep [Trmly in its sighis and ns its curriculum aimes, By using the
word “stories’ we do not, of courge, wish o suggest that the explanatory aveounts
provided by science are ‘mere letions'. Rather we want (o emphasise the value of
the narrative in communicating ideas and in making ideas coherent, memarable
and meaningful. We would argoe, therefore, that there is considerable valoe and
advaniage in presenting the knowledge content of the curriculuom s a set of Sex-
planatory stories” Tor the following reasons.

Q:} These stories cmphasise that understanding s not of single propasitions, or
concepts, but of imter-pelated gets aof ideas which, taken together, provide a frameswork
for understanding an area of experience.

% They help to ensure that the contral ideas of the cwrricalum are not obseured
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In focussing on the detail, we have lost sight of
the major ideas that science has to tell, and we
propose that science education should make
miuch greater use of one of the world s most
powerful and pervasive ways of communicating
ideas — the narrative form,
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by the aredght of detedl. Pupils and teachers are then able wsee more clearly where
ideas are leading. and how they are inler-related = and so be able e work together
more effectively lowards cloar targels.

Uc',) They provide a betier portrayal of the sort of undersianding we wowld wish
frosnrrsy peope to abbein Teom studying the science curriculum than do lists of sepa-
rike k:mwlu[!gl.- statemenis — and hence a bhetler pointer to the Kinds of issessment
approach which might be suitable,

OREOVER, BY PRESENTING some of these

ideas through historical case-studices,

The curriculum needs to be presented
clearly and simply, and its content needs
to be seen to follow from the statement
of aims (above). Scientific knowledge
can best be presented in the curriculum
as a number of key “explanatory stories’,
In addition, the curriculum should
introduce young people 1o a number of
important ideas-aboul-seience.

we can show more clearly the contribution
that seience has made to our culture, An un-
derstanding of the same ‘explanatory stories’
i5 alzo necessary for interpreting, and appro-
priately responding o, media reports of science-
reluted issues and science-related decisions
in everyday settings, thus strenglhening the
case for giving them prominenes within the
seienee curriculum.

To illustrate what we mean by an
‘explanatory story’, we set out two of the im-
partant “stories” of science below in the form
of the understanding we would wish pupils

Lo gain by age 16 and in addition, for one of the stories, how thee story might bo
‘vonstructed” through the relevant key stages. “Telling the stories’ will, of course,
often involve the use of illustrative practical work to allow pupils o see the phe-
nomena being discussed. and (o help them develop an understanding of the key
ideas. It is of course important that young people seo these ‘stories’ nol as “given’
knowledge but as the produet of sustained ingquiry by individoals working in social
and historical contexts. They should gain some understanding of where these ideas
have come from, and of the warranis we have for trusting them as reliable knowl-

edge, This aspect of e seienes curriculum is discussed further in section 5.2.4.

Two typical ‘explanatory stories’ of science

Imagine being able to 'peek inside’ matter. Then you would "see” that matter is  OMNE

made of tiny particles of less than a 100 different types, These particles, called atoms, THE PARTICLE
move about, arranging or re-arranging themselves in patterns or sticking together

to make new, more complex particles. Alternatively, complex particles can be broken MODEL OF

up into their constituent atoms, CHEMICAL
Seen at this level, breaking a brick tears particles apart from each other, as links be- REACTIONS

tween the particles are broken, Water evaporating is a few particles breaking free of
the large collection in the puddle to move freely in the air above. Salt dissolving is
charged particles breaking free from the surface of the crystal of salt, dispersing
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themselves amongst the particles of water. Iron rusting is particles from the air foxygen,
water] bumping into the particies of iron and combining to make a new bigger par-
ticle. Polythene is made when particles of ethene, whizzing freely around, join up in
long chains when they bump into one another. Big complex particles (enzymes} act
on others by being the right shape to help other particles come together and combine.
seme of the particles are made of a single nucleus surrounded by electrons. If you
looked around, you would find only 92 stable kinds, differing from each other by
the positive charge on the nucleus (from 1 to 92) and their weight. Helium particles,
far instance, would be four times as heavy as those of hydrogen. Each particle
would be surrounded by an equal number of negative electrons so that any atom is
electrically neutral. The electrons are arranged in a characteristic pattern, and the
pattern repeats itself so that certain atoms have similar behaviour and fall inte nat-
ural families. This pattern also decides which kinds of atoms any atom would readily
stick to.

When atoms join together in clusters they are called molecules, When atoms com-
bine, the electron arrangement changes giving the new molecule totally different
properties, 50 sodium (a highly reactive metal) can combine with chlorine (a highly
reactive and poisonous gas) to make sodium chloride (common salt which we eat).
This is how atoms and molecules make the huge number of different materials that
there are - the many ‘chemical compounds’. 5o when atoms break apart and re-
group, a "chemical change® has occurred and the new substance is different from its
constituent atoms.

At Key Stage 1 and 2, pupils will get a range of experiences of chemical change
(though it will not necessarily be labelled as such), both in and out of school. For in-
stance, cooking involves chemical change, as does burning, rusting and the decay of
organic matter. Pupils may get to see examples of gas being evolved in a reaction,
for instance when a vitamin C tablet is put into water. Through activities on sorting
and classifying materials, they will build up a vocabulary for talking about properties,
which can then be applied to discussing differences between solids, liquids and
gases. Pupils can be helped to appreciate that gases are “real substances” which take
up space, Through activities on separating substances they can begin to develop
ideas about the small size of the basic particles of substances which can pass
through filter paper.

At Key Stage 3, the main ideas of the ‘explanatory story’ of chemical reactions can
be developed. Recognising that gases have weight, and noting that mass is con-
served in chemical reactions, provide clues to support the ‘explanatory story’ that
matter consists of indestructible particles. An understanding of the nature and com-
position of air also enables combustion to be induded in the ‘story’, Ideas of substance
and ‘purity’ can be clarified. Pupils might also learn of the role of scientists like
Black, Lavaisier, Avogadro, Dalton and others in developing these ideas. They may
also be helped to see the implications of the conservation of mass in reactions for
waste disposal and the pollution of water and air.

Work at Key Stage 4 builds on this understanding by developing ideas about bonds
between atoms within molecules, and between molecules. Pupils should gain
knowledge of a wider range of substances and types of chemical reaction, such as
acids/alkalis, hydrocarbons and plastics. They may be introduced to chemical

............ B T T
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equations and to the use of the basic model to calculate amounts of reacting mate-
rials or of products. A more detailed "explanatory story” about the internal structure
of atoms provides a framework for understanding the differences and similarities
between atoms and the way in which they bond.

From our point of view on the Earth, it seems that we are living on a flat stationary
surface. However, imagine moving to a point in Space, well away from the Earth.
Then we would see that it is roughly a sphere which is moving in two ways. First, the
Earth is spinning on an axis through its North and South Poles; this means that differ-
ent parts of the Earth's surface point towards the Sun at different times, resulting in
day and night. Second, it is also moving, roughly in a circle, round the Sun, taking
one year to make a complete orbit. The Earth is kept in its orbit by the gravitational
force between the two masses of the Sun and the Earth. Because the axis around
which the Earth spins is tilted at an angle to the plane of its orbit, the relative lengths
of day and night are different far the northern and southern hemispheres and, more-
over, change as the Earth moves round its orbit. This is what causes the seasons.

In both our spinning and our orbital motion, we keep on going at a steady speed,
unlike things here on Earth, because there is no friction to slow us down, We are not
the only planet going round the Sun; there are others. Three of them {Mars, Venus
and Mercury) are close to the Sun like us, Then there are two really big ones (Jupiter
and Saturn), very different from us and muoch further away. Finally there are the
outer ones which are very much further away and really cold. Several of the planets,
including the Earth, have moons which orbit around them,

Of the planets, the only one with life on it (so far as we know) is the Earth. It is pos-
sible that there is life on Mars and one of the moons of Jupiter, but we don't know.
If wee did find life there as well, it would make the possibility of other life elsewhere
in the Universe much mare likely.

Qur planet is really quite unusual. Whilst most of the Universe consists of hydrogen
and helium, we live on a tiny rocky planet made out of elements which together
make up less than 2% of all the matter in the Universe. Moreover, we are just suffi-
ciently far from the Sun for water to be a liquid on the majority of the surface. This
has enabled life to begin, We are also big enough for there to be sufficient gravity
to keep our atmosphere, unlike Mercury or the Moon.

Surprisingly, the Sun is a star - a fairly ordinary, middle-aged star half way through
its lifetime and a wonderful example of a balanced nuclear fusion reaction. How do
we know? Well firstly, this is the only mechanism that could possibly produce so
much energy and, secondly, theoretical models based on this idea predict the behav-
iour of the Sun quite accurately. The Sun looks bigger than all the other stars because
it is much nearer, The Sun itself is just one star in a cluster of a hundred thousand
million stars which we call a galaxy. ¥You can see the duster edge on in the night sky
as a band of stars called the ‘Milky Way'. There are hundreds of millions of galaxies
and these are found in clusters as well. Distances to the stars are encrmous — the
nearest one would take four years to reach travelling at the speed of light, and the
furthest known one is 12 billion years away. S0 our home, the Earth, is really just a
tiny speck in an enormous Universa,

........... B T
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S.2.2 Choosing and organising the ‘stories’

The breadih and extent of scientific knowledge now ranges over such a wide Geld
fronm evolutionary biology (o modern cosmology Lthal some selection must be made
in constructing a curriculum - it is simply not possible to cover the whole breadth
of seience. Therefore, as choice is inevitable, we should resist the temptation to in-
clude o much, and so avoid ending up with a content-dominated corriculum
which leaves insufficient time for discussion, refllection and analysis. For instanes:,
we believe thal some of these “explanatory stories” will need to be presented
through historical case-studies il we are o show scienee more elearly as a key ole-
ment of our eulture, This will require tdme for research, presentation and discus-
siom. We believe that if the science curriculum were o sel oul (o communicate the
core ideas of science as ‘explanatory stories”, concentrating on the essential structure
of explanations and a general overview, and not on the decails, then this change
woitld permit & signilficant reduction in “content’, allowing space for other kinds of
activily and learning.

The reason why the aims set oul in section 5.1 above are of crucial importanee
is that they provide criteria for making the necessary choice of which "explanatory
stories’ (o include. From both the cultural and democratic perspectives, there are
several quintessentiad ‘explanatory stories” that merit a place on the curriealum.

In the area of Life and living things. science ells us:

% about the human body as a set ol inter-related organ systems (the circulation
of blood. digestion, respiration, and so onb; the maintenance of good health, and
the cavses of poor health (invasion by germs, envieonmental causes, genetic
causes, old age, poor mental functioning):

Qb about cells as the hasic building blocks of all living organisms;

Q} about the ways in which organisms are adapied to the physical and hiological
environments in which they lind themsolves;

'3:} about life processes in green plants, particularly photosynthesis;

% about the mechanisms by which characteristics are handed on from one gen-
eration Lo e next;

Q} abaul the gradual cvolution of species through natural seloction.

This last *story” introduces important and challenging ideas about the huge tme-
stales over which change occurs. Moreover, it offers us a radically different view of
whao we are = the product of random variation and selective survival,

From its investigations of natural phenomena, science also offers us major “ex-
planatory stories” at the microscopic level aboo:

% how all matter is made of tiny particles;

We showld resist the temptation to include
ton much, and so aveid ending up with a
content-dominated curricilum.
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Qb the model of chemical reactions as re-arrangements of the particles of the
reactants o form new substances:

% ihe idea of different kinds of bonding between particles, explaining the very
different behaviours of dilferent types of matier,

I conirast, al the macroscopic level, science tells us ‘explanatory stories” which
are often strange and unfumiliar abouot:

qﬁ the motion of the Earth on its axis and around the Son, and how this explains
day and night and the seasoens;

% the structure of the Salar System;
q‘& the formation amd evolution of the Earth;

Q{) the structure and evoalution of the Universe (a story abowl galaxios moving
away [rom each other at high specd: about the birth, life and death of stars; about
thie Tormation of heavy elements in these stellar processes; and about the origin of
the Universe in o Big Bangl

'i"\L:} forces that act ever very large distances with no tangible conneclion involved;
Q':) the cawses ol motion and ils control;

Q} the cawses and direction of chanze;

Q,'} radiation, light and their interaction with matter.

These ideas. like those concerning evolution, again involve coming o tecms with
the huge time-scale of events and processes, and also the hoge scale of size and
distance,

5.2.3 Seience and technology

In the popular mind, science-and-technelegy is often seen as o single entity, [t
would therefore be artificial to separate the two and attempl to teach only “pure’
science, Furthermors, most people would expect a science education 1o provide
some undersianding of the principles underlying the technical developmenis which
have been influential on our lifestyle, and develop some appreciation of their im-
pact on the way we live. Technology is not simply applied scienee = it is the culural
response of people to problems and opportunities they have perceived which has
shaped the ways we live and work, Hence some undersianding of technology is
basie o scientifie leracy and our ability to express an opinion on matlers that afleet
us dioeply.

The Design and Technalogy (8T Curriculum provides valuable experiencos
of designing and making simple artefacts, and of using some of the more complex
ones (such as motors, computer control and CAIN. In scionee education, there are

B e e e

in the popelar mind, science-and-techmology (s
often seen s a single entity, It would therefore
be artificial to separate the ivo and attempl to
teach onfy pure” seience,
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two essential components 1o add which are necessary (o address the aims set oul in
section 5.1, Firstly, young people’s natural curiosity about technology is a hook on
which we can build an understanding of science, as the Salters” courses have
shown, Using the ‘explanatory stories’ of science we can show how some of the
artefacts which so permesate onr lives (such as the telephone, the radio, the television,
the: friclge. the microwave, U internal combustion engine, and the compuater) func-
tion. Secondly, we can go bevond the limitations of the D&T workshop to explore
larger technologies and their implications Tor society, such as the generation and
usie of electricity, the functioning of modern agricolture and the production of feod,
the constrution of contemporary buildings and structures, the technology of modern
transport systems, and the workings of the health and pharmaceuticals industries.
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is under-emphasised. Yel nol only is it

signilicant to young people, but alse the ex- w1l chould be undertaken to explore
planations that sclence can ofler will make

iRy e aoisira o s BAASE BT o TiEoA0EE how aspects of technology and the

ol seience and l.ﬂf!hlllﬂﬂj{}' on their lives, anmd ﬂppli{fﬂiiﬂnﬁ ol science '.'U'I"]"{‘!I'I“}-' Ull'lil.'[,l‘:{!
more knowledgeable about how they work,  could be incorporated within a science
We do acknowledge, however, that there is curriculum l']l&.'iigl‘]l&l’j 1o enhanee

waork to do to explore the implications of | TRy o, P

teaching part of the science curriculum with seientific lite EALY::
the aim of "technical know-how” rather than
abstract foemal knowledge, and 1o proposs
warys in which it might be done,

Finally, we feel it important to acknowledge that the twentieth century has
seen the rapid development of a cluster of sciences and technologics concorned
with the transmission. storage, processing and replication of information. They
prowide the framework for understanding channels of communication from tele-
phone lines, 1o satellite communication, and o fibre-optic cables. They are the
basis for understanding the nature and functioning of computers, They underlie
our understanding of how biological systems reproduce themselves and how their
forrmm and behaviour are controlled. They offer some future hope of understanding
hiovw brains work. Yet they are almost whaolly absent from the corvicualum,

Taken together, all these points would suggest that the portance of tech-
nolegy Lo the science curriculum is such that its curricular implications should be
explored as a matier of seme urgeney.

5.2 ldeas-aboul-seience

In order to understand the major ‘explanatory stories” of science, and (o use this
understandimg in interpreting everyday decisions and media reporis, yvoung people
also require an understanding of the scientific approach o inguiry. Only then can
they appreciate both the power, and the limitations, of dilferent kinds of scientific
knowledge claims. They also need o be aware of the difliculiies of sbiaining reli-
able and valid data. Science issues are often about the presence or absenee of links
and correlations between factors and variables, often of a statistical and probabilistic
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The importance of techinology to the science
curriclun s such that its curricilar
implications should be explored as a matter
af some wrgenci.
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kind. rather than directly causal - so young people need an understanding ol these
ideas, and practics in roasoning about such situations, ONen the plausibility of o
claimed link depends on secing a mechanism which might be responsible — and
here again an understanding of the major “explanatory stories’ of science is
nesdod. Finally. young people need some understanding of the secial processes in-
ternal to science itsell, which are wsed  test and scrutinise knowledge claims belore
they can become widely accepted - in order to appreciate their importanece, but also
to recognise the ways in which external social factors can inflluence them.

RECOMMENDATION 51X RACTICAL WORE 1N A SCHOOL lnboratory

can provide contexts for learning some of

The seience curriculum should provide these ideas-about-sclence. But, in our view,
; r people with an understanding of it cannot provide all that is required. For in-
YRy peOpie L “, LT stanee, case studies of some historical and
some key ideas-about-science, that is, contemporary issues involving scionce will
ideas about the ways in which reliable also be necossary so hat pupils can improve
kn(}q,ﬂpdgﬂ of the natural world has their appreciation and understnding of the

complex relationships between ovidonce
and explanation, and the complexities of ap-
plying scientific knowledge in real-world
sitpations. We recognise, bowever, that i these
aspirations are to be realised, then the learning targets in this area need 0 be
clearly specificd, and the assessment framework needs o give proportionate
wiright 1o these aspects of science learning, So we have sel out a list of such targets
on the following pages, We will return 1o the assessment implications later in this
repore,

been, and is being, obtained,

The ideas-about-science represent a significant expansion of the range and depth
of treatment that such issues corrontly demand in the existing curriculum. Their
development needs to be undertaken in collaboration with science teachers sa that
their introduction is 4 managed process and not a sudden, and possibly unwel-
come, evenl,

3.3 INTEGRATING VARIOUS ASPECTS OF THE CURRICULUM

It is essential that the dilferent elements of the science curriculum discussod in sec-
tion 5.2 are integrated inwo a coherent programme. In order (o see kow this might
b done. and (o communicate our ideas and aspirations clearly o leachers and others,
it may be necessary o develop something more akin 1o a syllabus, as regards its
detail and layout. One very fundamental reason for doing this would be to check
that it is indeecd possible to integrate all the elements we consider important into a
single programme which could reasonably be taught in & series of lessons, Gollow-
ing cach other in time. [n other words, developing a syllabus based on the general
ieas outlined above is an important step in testing, and refining, tose ideas.

A syllabus would, however, hiave some further advantages. Tt would et some
intermediate targets for the curriculum, making clear what parts of the curriculum
might b covered by each of o number of significant age points, and the depth of

v timneed o page 23

Young people need some wnderstanding of the
social processes internal to science itself, which
are wsed to test and scrutinise knowledge claims
before they can become widely accepted,
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sometimes because of wider social, political or religious commitments (e.g. Coperni-
cus and Galileo and the Solar System);

<= that any reported scientific findings, or proposed explanations, must with-
stand critical scruting by other scientists warking in the same field, before being
accepted as scientific knowledge (e.g. Pasteur's work on immunisation).

By considering some current issues involving the application of science, pupils should:
«+ recognise that innovations may have both benefits and risks, including some
risks which are unforeseen;
+#» begin to appreciate that decisions about appropriate solutions to problems
are influenced by a range of considerations (including technical feasibility, economic
cost, social and environmental impact, ethical implications, and political and reli-
giows commitments) and that these may differ in different contexts,

As pupils pragress into Key Stage 4, they should broaden their understanding of the
general ideas outlined above, by seeing how they apply to a wider range of situa-
tions and cases. In addition, they should:

+» appreciate that a correlation between two variables does not necessarily mean
that one causes the other;

3 be able to design well-controlled investigations of situations involving several
independent variables;

<+ recognise that the variation in repeated measurements ef a quantity give an
indication of the reliability of the measurement.

Pupils should become familiar with stories about the development of impartant
ideas in science which illustrate the following general ideas:

<4+ ovidence i often uncertain and does not point condustvely to any single explanation;

+= if an explanation predicts an event which would otherwise be unexpected,
and this i5 then obierved, this greatly increases our confidence in the explanation
(e.g. Adams’ predictions of the existence of Neptune);

+= that scientific progress can depend on careful and painstaking work, and also
on creative conjecture (e.g. the reles of Franklin and of Watson and Crick in estab-
lishing the structure of DNA),

By considering some current issues involving the application of stience, pupils should:
+= recognise that a persen’s wiews may be influsnced by their professional andfor
social affiliations;

«+ appreciate that many things which we would like to understand cannot (yet)
be explained fully in terms of a predictive theoretical model; because of the com-
plexity of the systems involved, the best we can do is to identify correlations be-
tween possible factors and the probability of a certain outcome (such as the links
between smoking and lung disease, or between saturated fat consumption and
heart disease);

<= understand the ideas of probability and risk;

«+ be aware of the range of factors which can influence people’s willingness 1o
accept specific risks;

«+ be able to distinguish between technical issues fwhat is possible) and ethical issues
{what ought to be done) when considering issues invelving science and technology.
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treatment expected by this age. For some ‘explanatory stories”, we might wani to
identily more elementary versions of all or part of the *swory’, which would be covered
at an earlier stage, to be followed later by additional (eaching (o develop under-
starsding of the whole *story’. For others, early work might be of a more preparatory
nature, pulting in place some of the background knowledge needed before the
teaching of the “story” conld procesd,

W see the development of more fully articulated versions of the eurricalum
as an important stage in the development of any feture curriculum proposal. We
would. however, want any more detailed specification o be seen as a ‘sample
seheme’, showing one possible way of covering the material of the curriculum, but
nol elaiming to e the only way. Our own recommendations are offerod only as a
framework on which the curriculum eloth must be hung, and our examples are
simply to provide some illustration of our inlent and meaning, and not as ideas
which we hive had insufTicient time to fully determine or complete,

5.4 TEACHING APPROACHES

KEOF THE MAJOR DIFFICULTIES with the

current science curriculum, which we
identified earlier in this report, is the lack of
suflicient variely in the Kinds of aclivitios in
which learners engage. We feel, therefore,
that it is important (o emphasise our view
that the sclence curriculum of the fulure
should have much greater variety, not only
in the tvpes of learning activity involved but
alzo in the pace of learning. Any scieneo
eurriculum which is essentinlly o list of con-
copts is bound to be content-focussed, 1T the
acermpanying modes of assessment have a
similar narrow focus, then the combination
will foree some teachers into a rigid wrans-
missive mode of teaching. One unfortunate
consegquendce is a denial of opportunities for
pupils o conduct extended picces of work

RECOMMENDATION SEVEN

The science curriculum should encourage
the use of a wide variety of teaching
meihods and approaches. There should
be variation in the pace at which new
ideas are introduced. In particular,
case-studies of historical and current
issues should be used to consolidate
understanding of the ‘explanatory stories’,
and of key ideas-about-science, and to
make it easier for teachers to match work
to the needs and interests of learners.

exploring aspects of the history of science, or to examine media reports of socio-
seientific controversios which report aspects of conlemporary science, risk and
COMLIOVErSY.

Sesing Lhix seience course as o series of shori periods of more intensive learn-
ing of new ideas (using a range of methods including toacher exposition, practical
waork, video resources, computer soltware, reading about scienee, C1:ROMs, the
Internet and so on), alongside more extended periods in which these ideas could be
developed and consolidated, woulid, we believe, result in better loarning by more
voung people, Such a model of working has becoms Ffamiliar 1o many secondary
weachers through their experience of GNV) courses and is already fumiliar to pri-
mary teachers through the use of wpic-based work. This approach would enable pupils
iy bearn el to pravctise their skills in bocating and interpreting information; in evaluating

B T P T T T T T TR T T T T T FEEEREREREEE

Chur view is that the science earriculum of the
Suture showld have much greater variety, not

anly in the types of learning activity involved
bt also in the pace of learming.
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evidence and construcling argumenis of their own: presenting their ideas in writ-
tem andd oral form: and defending their conclusions. Such work would rocognise the
central role of wriling as a means of learning ideas, and nol solely as a means of
producing a record of work done.

This balance between ideas-acquisition and idl‘ﬂﬁ-dl""ﬂl“pmI.'!II1.-I:I._I'|:-I'J~I'-‘1]115I:IH:'
dation would also make it significantly casier for leachers W provide a range of
tasks. better matehed to individual pupils” current capabilities and their interesis,
allewing more purposelul and effective differentiation within a commoen curricu-
lum than is possible at present.

We recognise that this will, however, only bappen in practice if the assess-
ment framework supports and encourages il, by giving appropriate weight to the
products (and processes) of these periods of more extended study. As long as sum-
mative assessment continues o reward disproportionately the Kinds of learning
which are best achieved by a narrow range of rather uninspiring and dull classroom
activities, then we see little prospect of genuine improvement in the quality of our
selence education, or in the enjoyment of eachers in eaching it and learners in
learning it.

Assessment showld exert a positive and
benign influence on the teaching and fearning

of science.
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withoot integral development of new and approprizte models of assessment.

First, with reforence o assessmont used for diagrostic and formatioe pur-
poses, we beliove that there is compelling evidence that its systematic use by teachers
is an integral part of teaching that can have a very signilicant positive effect on
achievement. Any contemporary scienee curriculum, therelore, will require the de-
velopment of tools (o aid toachers W use formative assessment to monitor and
improve pupils’ learning and sense of achiovemont.

With regard to assessment used for summiatice purposes, the eritical prine-
ple that must guide any assessment framework adopted for the science carricolum,
and the assessment tools used, must be that assessment should oxert a posilive and
benign influence on the teaching and learning of seience. That is, the form of any
summative assessment should be such as to encourage teachers and pupils o feos
more clearly on the mest important aspeets of learning science, and 1o spend time
on activities which are clearly related to the aims stated on page 12,

Moreover. the assessment system should encourage the development of skills
and capabilities which will be required for fulure employment in the 21st contury,
That is, rather than emphasising the recall of specific, detailed and unrelated
“facts’, any new framework should give greater weight 1o an assessment of 2 holistic
understanding of the major sclentific ideas and a eritical understanding of science
and scientific reasoning. More allention, therefore, should be devoled (o the as-
sessment of those skills and competencies that are roguired in aduolt life both at
waork and for lifelong learning” - that is, the ability to read and assimilade seientific
and technical information and assess its significance.

II' 15 OUR STRONGLY HELD VIEW that significant curriculum change i unatiainable

N THISAPPROACH, the emphasis is not on
how Lo 'do’ seience or creale sciontific knowl-
edgn, or to recall i bricfly for o terminal ex-

RECOMMENDATION EIGHT

amination. Rathor, it is on demonstrating a
working familiarity with the major ideas of
seionee, the confidence o use these ideas (o
communicate with a variety of audienees,
amd the ability to assimilate and appraise
presented information. Such a scienes edu-
cation should seek o develop - and should
therefore assess — the ability W ‘read’ and
understand the language and arguments of
science in a “critical’, “educated” way. Stu-
dents should thus be asked 1o demonstrate

The assessment approaches used to
report on pupils” performance should
encourage teachers Lo focus on pupils’
ability to understand and interpret
seientific information, and to discuss
controversial issues, as well as on their
knowledge and understanding of
scientilic ideas.

the capability 1o assess the relinbility and validity of evidenee, (o distinguish ovi-
denee from explanations, o identily obwvious gaps in evidence or reasoning, and to
appraize the level of confidence (o be aseribed 1w any cluims advaneed,

Rather than emphasizsing the recall of specific,
detailed and unrelated facts', any new
SJromework should give greater weight to an
assessment of a holistic understanding of the
major scientific ideas and o critival under-
standing of science and scientific reasoning,
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Honeo, the new instruments for the assessment of pupils’ scientific knowledge
shotild:

% reeduce the current emphasis on assessing pupils” ability (o recall diserete and
specific components of their knowledge:

QD imcrease the emphasis on assessing pupils” ability (o use their understanding
of the major “explanatory stories” of seience:

% assess performances and competencies likely o be required in aduolt life
{such as the ability to comprohend media reports, or o argue a rational case based
on data).

The type of assessment that we feel would be more appropriate to the carriculum
that wer wigh to see delivered are questions which reguire the following competencies.

a The interpretation of medio reports of science

Shart pieces extracted (and possibly modified) from newspapers should be used to
assess whether pupils understand the scientific content of the pices; whelber they
can identily and evaluate the quality of the evidenee presented for the claims ad-
vanced; whether they can offer well-thought-oul reactions Lo Lhe risks to which
they or others might ba exposed; and finally, whether they can give their opinion
about future action which should be taken by individoals, government or other
hadies,

b Demonstration of an wrderstanding of the major explanatory stories of sciemnee
(uestions should seck o examine, for instance, whether pupils have understood
what the particle model of matter is; whether they can give a short account of it;
whether they can use it w explain everyday phenomena; and whether they can ex-
plain why it is an imporiant idea in science.

¢ An ability to ask and answer questions esed on dioto

Such questions should assess pupils’ ability (o represent data in a varety of ways
(notiahly graphically); to formulate and interpret the messages which can be extracted
from data: and 1o detect ercors and dishonesty in the way data are presented or se-
leeted. The ability to manipulate and interpret data s a core skill which iz of value,
it omly in seienee, but in a wide range of other professions and contexis.

d An ability to recognise the role of evidence in resolving compeling arguments
between differing theoretical acconnts

Al the heart of scientific rationality is a commitment (o evidence, Contemporary

seiener confronts the modorn citizen with claims that are contested and uncertain.

OQuestions based on historical or contemporary examples can be used 1o investigato

pupils’ understanding of evidence in determining the signilicance of scientific

claims.

It is our view that such items place emphasis more appropriately — on the general
skills and competencies thiat we would expect young people (o develop through science

In primary science we might assess pupils’
abilities to make presentations in their own
words of science ideas, for example throwgh
paosters, or oral presentations o their teacher

or their peers.



education. They ask for a broad familiacity with the Tundamentals of seienee and
its historical developmend. Whilst it is possible for such items (o be included in
summative tests, many will only provide valid assessments of students knowledge
and understanding when there is an opportunity o read around the wpie, conduel
research, and write thoughifully without the pressure of lime constraints, The
prisduct can then be presented for internal assessment. This sort of work also provides
oppartmmities for much needed variation in the pace of learning in the classroom,
allowing time for reflection and consolidation of understanding.

Mareover, such competencies will only be developed by providing sustuined
amd systematic opportunities to develop these skills throughout the curricolum
from age 5-16. In primary science we mightl assess pupils” abilities to make pre-
sontitions in their own words of scienee ideas, for example through posters, or eral
presentations to their teacher or their peers, Such work might involve re-telling
explanations of phenomena or events which had been discussed in class, or stories
aboul scientific work, or the work and thinking of *great scientists”. Pupils® ability
to present evidence could also be assessed, and their ability (o use it o make a
case, or example, that two things are related: or thal something has changed in
some wiy over lime or as o result of a specific intervention: or that somothing
eanses something else to happen. Assessment should alse atbempl W see if pupils
can understand not only what an idea is but why it is important too - for instance,
that knowing about the parts of the human body and how they work may halp us Lo
repair them, or that knowing about the behaviour of electricity means thal we can
build cireuis o perform a whole range of useful tasks.

In considering assessment, it is essential to put the horse before the cart -
that is, the curriculum and its outcomes before the modes of assessment, But it is
eqqually important o recognise that assessment can play a positive role by helping
curriculum planners w become clearer abowt their real goals, First, by forcing con-
sidheration of the question: “What should pupils be able to deo when they have completed
their study of this curricalum?’, and second, by influencing the emphasis of the
curriculurn implemented in the classroom. It is our view that many of the aspects of
voung people’s knowledge and understanding that we would wish 1o see developed
through the scienee curriculum require assessment based on coursework of an
extended nature. Undoubtedly such assessment, il wrongly applied, could place an
additional urden on teachers. However, ils use anhanees rather than diminishes
the role of (eachers” professional judgement and authority, both of which have
been undermined by the developments of the past decade. There is sullicient inter-
national evidence 1 show that there are mechanisms, such as moderation by peer
review, which can establish and sustain the sort of professional culture which can
enable reliable and consistent judgements of the quality of learners” work to be
mddle:,

sEmEssEsEsEsEEAEAsRSESEREEE assssansnEnE
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We should also attempt to see if pupils can
understand not onfy what an idea is but also

wrhy it is important
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TOWARDS/CHANGE

nature of the science education offored to the pation’s youth, We are not, of

course, the first group to advance a case for changs or o seck W implement it
The histery of schoal science is puncluated with atempis at reform, amongst
which are the Nuffield courses of the 19005, the Science, Technology and Society
(5TS) courses and the Secondary Scienee Curriculum Review of the 1970s and
14980% and, more recontly, the introduction of investigative scienee in Attainment
Target Scl. All of these exemplify the problems encoumtered by attempting Lo
change either st is toght in seience or o il is tiught. Sanlayana’s cemment
that “those who forget history are condemned o repeat the mistakes of the past” is,
perhaps, particularly apt here, Whilst all sfforts at reform have enjoyid some mea-
sure of sueeess, their clear message is that change is o slow process which must be
both carcfully managed and supported. For inoovation can have unexpected negative
consequences as well as their imended positive ones,

In this report we have got out our vision of the sort of science education we
wiould wish o see in the 218t century. We recognise, however, thal this is a long-
term aim that will have o be approachod gradoally and with the invelvement of
practizing teachers. Therefore the sorts of changes this report envisages nesd o be
tried out and evaluated. This leads us 1o make two sets of arguments for change -
in the first instance for small changes in the short o medivm term, and sccond, Tor
thir: establishment of 8 set of stroctoees and processes which would enable 2 managed
process of curriculum development and evaluation. Whilst some change in the near
e immediate iure is needed, it is the long-term considerations that we regard as
of greater importancs,

I‘-\' THIS REMOIRT WE HAVE ADVANCED a case for a fundamental change in the

7.1 CHANGES REQUIRED IN THE SHORT TERM

The past nine years have seen a sot of major changes and innovatons in the education
system, Science teachers and schoaols have had to contend with the introduction of
a National Curriculum which has been revised twice, and a new system of inspection
and monitoring which many bave found alienating and threatening, o addition,
the introduction of competitive league tables, greater parental choice and. more
recently, benchmarking and target-seiting have been an additional burden. To
their credit, toachers have shown considerable resilience and Nexibility in adapting
and evolving to meet the new context in which they operate. Whilst there are some
signs emerging of a dissatisfaction at the growing gap betwoen science as taught in
sethools and seience as experienced in sociely, we sense that the majority of teach-
ers need a sustained period of stability in which they can refine, rollect and develop
their practice within a framewaork thal is relatively constant and secure.

Therefore, wi would see moves wwards (he kind of seience curriculum out-
lined in this report as a mediom to long term aim, and would wish o argue fer only
three immediate changes w the existing science curriculum,

.................... B T TS

The majority of teachers need o sustained
period of stabifity in which they can refine,
reflect and develop their practice within o
Sromework that is relatively constant and Secure.



IRST, AS WHE HAVE ARGLUED N section 4.3,

the lack of & well-defined sense of purpose
needs remedying by a document which artic-
ulstes specinctly the aims of waching science,
Such a rationale must be comprohensible 1o
pupils and parents. Their oxisting omission
is an abdication of our responsibility as @ so-
ciety Lo justify o our leachors of seience why
we require the content of tho document to
by prowided for all the nation’s youth, 1t forees
teachers o make their swn interprelations
of the document, and inevitably to steer in
different direetions which, in itsell, under-
minges the purpose and function of a Natienal
Curriculum to achiove o bamogeneity and con-
sistency of experience,

Second, we would argue for an amalga-
malion of the components "Experimental and
Investigative Science” 1Sclhand some aspects
ol the "General Reguirements’ (Sc0) which
are both elements of what we see as idens-
aboul-science. Currently the latter is largely
seen as extrancous and, because it is only
assessed minimally, little time is devobed to

TOWARDS CHANGE T 2029

RECOMMENDATION NINE

In the short term:

The aims of the existing science National
Curriculum should be clearly staied with
an indication how the proposed content
is seen as appropriate for achieving
those aims.

Those aspects of the general
requirements which deal with the nature
of science and with systematic inguiry in
science should be incorporated into the
first Attainment Target "Experimental
and Investigative Science’ to give more
stress to the teaching of ideas-aboult-
science; and new forms of assessment
need Lo be developed to reflect such an
emphasis.

teaching aspects of science which we consider vitally important to the understand-
ing of scienee required by future citizens. The substantive incorporation of these wo
into ome attainment target would give more formal recognition b the importance of
thesse aspects of scienee., [ would also address the criticism that 5S¢l over-empha-
siges the role of & particular, and iy nareewly delfined, type of empirical practical
wirk in eommunicating an understanding of the practces of seienes.

Fimally, we do ok believe that the existing forms of assessment are sulliciently
representative of the skills and competencies that society wishoes science education
io develop. We wounld therefore wrge strongly the introduction of new types of as-
sessment = for instance, a comprehension exercise requiring pupils to interpret
and comment on media reports about seience. This change would go some way Lo
Tulfilling our second impaortant ebjective — that of encopraging those skills and com-
pelencies thal society wishes science edocation Lo develop inits luture eilizens,

7.2 TOWARDS A FRAMEWORK FOR INNOVATION AND
DEVELOPMENT OF THE SCIENCE CURRICULUM

Ome of the problems of a statutory natienal ramework for the corrculum s that it
makes innovation —whether by individual teachers or schools, or groups of schools,
or larger organisations - more difficult, It wotally inhibits the possibility of innovation
and experimentation at the periphery within individual schools, Hence curriculom
development then becomes the responsibility of the centre — in our case the Qualifi-
cations and Curriculum Authority, When changes are introduced in the statutoery

We oo not beliere that the existing forms of
assessment are sufficiently representative of
the skills and compefencies that society wishes
science education to develop.
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are, i

I Curriculum framework, as happened in 1991 and 1995, the new features
witably, untested, as there is no mechanism which allows significant ideas

L be trialled and evaluated prior o their introdection more generally. The history
of “Experimental and Investigative Science’(5c11is a case in point, where many of the

onnbered by pupils, teachers and examiners might have besn reduced

(TR 1.|:|l ree been an oppoertunilty 1o pilol the teaching approaches and assessmemnt
methods envisaged on a restricted scale prior to national implementation.
Essentially, the lundamental problem for the cureent system, which is not
unigue Lo scienee education, is that there exists no mochanism for systematically
encouraging innovation and carriculum development. Indoed, the elimate of league
tables, inspections dnd National Corriculum tests is a significant disincentive woany
sehool or individual o step outside the normal [ramework of provision, To borrow
an evolutionary metaphor, the existing National Corriculum framework does not
encourage adapation and the growth of diversity, New forms cannot evolve and he
Lested to see il they offer improvement. As a result, the system cannot casily ac-
commdate o any changes in the societal context which may require a differont
set of competencies and skills compared with those fostered by existing curricula,
Although the structure does allow for schoals o apply for disapplication (that is, for
permission not to have to follow the Kational Corricelum in a particular subjeet), 1o
date only a handful of schools have applied and none his been granted permission.
In short. no system can evolve withoul innovation, ehich must be systematicaliy

CRearged.

RECOMMENDATION TEN CIJNHJ%{JL‘I%N’H.“L’,uur final recommendation

In the medium to long term:

A formal procedure should be established
whereby innovative approaches in science
education are trialled on a restricted
scale in a representative range of schools
for a fixed period. Such innovations are
then evaluated and the outcomes used to
inform subsequent changes at national
level. No significant changes should be
made to the National Curriculum or its
assessment unless they have been
previously piloted in this way.

is that a formal procedure bo established
for the testing and trialling of innovalion,
with appropriate safeguards and controls,
and with adequate mechanisms for monitor-
ing and evalualion. We would see such a
procedure applying o all significant innova-
tinns and not only 1o those which might arise
feom the fecommendations of this reporl.
We are making here a general recommen-
dation about the management of curriculum
change, changing the nature of the National
Curriculum review [rom a series of sucees-
sive erents o a continuous and managed
JHDETES.

Having set out In this report our recommen-
dations for the future of the science curricu-
lum, the next step, in our view, is to work
out with others the implications of the ap-

proach we are advocating in greater detail, as a more detailed programme of
study, with appropriate assessment methods and instruments, A selection of
schools of varying kinds - comprehensive, independent, grammar - should then be
invited W participate in trials of such an approach over a period of soveral years,
and the outcomes evaluated. Only from such a programme of development, trialling

The fundamental proflem for the current
system, which is not unigue to science
education, is that there exists no mechorisn
Jor systematically encouraging innovation and
curricitlum development.
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and evaluation can a curriculum and teaching materials emerge which are both
practicable (that is. well-adapted (o the environment in which they must be used)
and valusd by their users and by society as a whole, Such practices are used in
other European countries. Whilst recognising that curriculum development. pilot-
ing and evaluation are expensive, the lesson of history is that other approaches to
change are even more expensive. Withoul such a mechanism lor change, the Cail-
ings of the: selenee curriculum in meeting the necds of a modern socioty will lead o
a growing disjunction between tho aspirations of young people for a meaningful
and relevant scienee education and that which is provided, The consequent alien-
ation of science from society and of society from science s a price we cannot afTord

Lo pay.

2031

R R B



2032

BEVONTY OO SETENCTE FINACATTON FOR TIHE FUTURE

APPEN

:Attendees at closed seminars

The closed seminars were attended by approximately twenly leading individuals
working in science education in the UK, including school and university teachers
and representatives of QUA, OFSTED and The Royal Society. This group attended all
the seminars. In addition, other individuals with specialist expertiso wore invited o
contribute to specilic seminars,

r Derek Bell Liverpool Hope University College

Helen Churehill Vigrers Sehool, Hiingdon

I Mike Coles festitnte of FdueoaiionA00A

Professor Hosalind Driver King s College London

lsmid Glavert fnstitute of Education

Andrew Hunt NefJield Curriculum Projects Centee

Dr John Leach University of Leeds

Profossor Robin Millar Uriversity of York

Bryan Milner Eraminer, NEASSextbook autfor

Patricia Murphy Open nirersify

Mick Nodt Sheffield Halfam University
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