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Teaching and Learning Secondary
Science

Science education has changed radically in recent years, both as a result of
debates within the subject itself and because of external influences such as
curriculum legislation and changes in society and technology. In this book Jerry
Wellington (with Mick Nott and Jon Scaife) discusses the major issues in
science education today — questions such as the place of practical work, the role
of information and communication technology (ICT), and the nature of science
as a subject — and uses this discussion to support a very practical resource for
teachers in training, practising teachers, and mentors. The book covers the
major aspects of science teaching and learning, including:

planning and managing

differentiation and special needs
practical work . . . and what it is for
investigations

ICT in science teaching and learning
building on children’s prior learning
handling controversial issues

language in science education

the nature of science

why teach science . . . and why leamn it?

Throughout the book chapters are accompanied by activities and annotated lists
of further reading aimed at helping readers to follow up their interests in depth
and explore topics in more detail.

Jerry Wellington taught science in Tower Hamlets, East London, before joining
the University of Sheffield where he is now Reader in Education. He is the
author of many publications including the precursor to this book for Routledge
entitled Secondary Science.
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Preface

There is no substitute for teaching experience and classroom observation. On
the other hand, time is often needed to stand back and reflect upon this
experience. The aim of this book is to encourage and assist teachers (both in
training and in service), mentors and others involved in science education with
that process of reflection in the hope that it will improve and enrich practice.

A lot has happened in recent years. This book is partly based on Secondary
Science: Contemporary Issues and Practical Approaches, but it is rather more than a
new edition of the 1994 book. It has been written with new standards for initial
teacher training in mind but is not geared specifically to any particular
statements of standards or competencies, nor to a specific curriculum. It should
therefore be of value to students, teachers and mentors in the UK, USA,
Australasia and other countries.

The book aims both to cover contemporary issues in science education which
will have a direct bearing on science teaching in the new century, and to
present and discuss practical approaches in science education. Contemporary
issues such as the role of practical work, the nature of science, the place of
information and communication technology (ICT), children’s prior learning,
the importance of language in science education, the need for differentiation,
the handling of controversial issues, and the role of ‘informal’ learning are all
considered. In parallel with those discussions, practical approaches for teaching
and learning are offered which, I hope, will be of value in the classroom and the
laboratory.

Space is limited, so none of the discussions or suggestions goes into the depth
that could be achieved if a single book were written on just one of the areas.
Consequently, ample references and suggestions for further reading are given
throughout. This book, like science teaching for all, is designed for a mixed-
ability, mixed-attainment and mixed-motivation audience, so it provides for the
possibility of special needs and interests and offers ample scope for extension
work. Some readers may not have the time or the inclination to follow up the
references and further reading but we hope that others will.

Preface xv

i issi i or
Finally, readers are bound to find something missing — noi .e\;eryr ﬁssﬁam
, i i . The
ractical approach could possibly be covered in a book of this ham e main
zim here is to introduce readers to the basic questions of why, what an

occur so frequently in the teaching and learning of science.

Comments and feedback on any points either in, or not in, the book a;e welcoqleto—.
cither by post to Jerry Wellington at the University of Sheffield or by e-mail to:

j.wellington@sheffield..ac.uk.
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Chapter |

The art and craft of science
teaching

Meeting high standards - a tall order

One of the premises of this book is that science teaching is an extremely
demanding occupation. No other subject teacher has to cope with such a range
of situations, with such a conceptually difficult subject and a group of learners
who bring all kinds of prior learning and preconceptions to it. Teaching science
is a tall order. In this first chapter, we identify ten key aspects of science
teaching and begin to outline some of the questions they raise and to offer some
practical ways forward. Each area is developed later in the book.

Ten key areas of science teaching are summarised: using language, question-
ing, explaining, practical work, using resources, presenting the nature of science,
assessing learning, developing progression and continuity, planning and manag-
ing — and lastly, but most importantly, generating motivation and enthusiasm.

I Using language carefully

Learning science is, in many ways, like learning a new language. In some ways it
presents more difficulty in that many of the hard, conceptual words of science —
such as energy, work, power — have a precise meaning in science and sometimes
an exact science definition, but a very different meaning in everyday life.
Equally, many of the naming words of our lives have been commandeered by
science. Consider: element, conductor, cell, field, circuit, compound. This is
made worse because many of the terms of science are metaphors. For example, a
field in science is not really a field.

Another category of language which science teachers (and many other
teachers) use, has been christened the ‘language of secondary education’. The
list includes: modify, compare, evaluate, hypothesise, infer, recapitulate . . . and
so on. These are words used by teachers and exam papers but rarely heard in
playgrounds, pubs or at football matches.

What should science teachers do about their specialist language and the
language of secondary education? Well, they cannot avoid it, skirt round it, or
constantly translate it into the ‘vernacular’. This would do a disservice to their
pupils who will eventually be confronted by science language, certainly in test
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papers and examinations. The general answer is to treat language with care, to
be aware of its difficulties, and to bear in mind that although pupils can and do
use scientific terms in speech and writing this does not imply that they
understand them (this is equally true of journalists, other writers and radio or
TV pundits of course).

More specifically, a later chapter is devoted to language in science and
discusses: directed or structured reading; note-taking and note-making; pupils’
writing in science; and discussion and debating. Of course, communication in
science involves far more than just the spoken and the written word and this is
also discussed in Chapter 9.

2 Questioning

One of the most difficult arts (or is it a science?) of teaching which involves
judicious use of language is the activity of questioning, which goes on in so many
classrooms. Research shows that most of the questions are asked by teachers and

that most pupil responses are short answers to closed questions, involving factual
recall:

Teacher: Which element has an atomic number of 67
Pupil: Carbon.

At another end of the spectrum is the art of Socratic questioning. A classic
book called The Meno describes how Socrates ‘pulled out’ or literally educed
(from the Latin educare: to educate) the principle of Pythagoras from a ‘mere
slave’. He did this purely by questioning-eliciting and building upon the slave’s
existing ideas and knowledge. This is the highest form of questioning. Cynics
may argue that this may have worked for a genius like Socrates in a one-to-one
with a lowly slave — but try doing this with 24 adolescents on a wet Friday
afternoon. I have sympathy with the cynics. But it is still worth examining the
questioning techniques used by teachers and how they can be improved. The
best teachers are often the best questioners.

What types of question are there and what purposes do they serve?

® closed questions, which have only one acceptable answer, e.g. a name, a
piece of information, a specific line of reasoning (or argument);

® open questions — a number of different answers could be accepted e.g. an
opinion, an evaluation, a belief, a pupil’s own line of reasoning.

Research indicates that most teachers’ questions are closed, partly because the
responses are (not surprisingly) easier to handle. Also, closed questions are
useful in controlling and shaping a lesson, not least in ensuring that a whole
class is paying attention. Many questions can be used by a teacher to either
focus, guide or redirect a lesson. These are generally diagnostic questions, e.g.
eliciting what pupils already know, checking that pupils are ‘on the right lines’.

The art and craft of science teaching 5

: ¢
One type of question which teachers use, but need to be wary of, is the gues;
what’s in my head’ or pseudo-question. This type of question was caricature

humorously by Peter Ustinov:

Teacher: Who is the greatest composer?
Pupil: Beethoven.
Teacher: Wrong, Bach.
Teacher: Name me one Russian composer.
Pupil: Tchaikovsky. ok
: i -Korsakov.
Teacher: Wrong. Rumsty o (Printed in Edwards and Westgate, 1994: 100)

In Chapter 5 we look again at the art of questioning, as part of the business of
planning and managing teaching.

3 The art of explaining

One of the great arts of teaching is to be able to explain things, i.e. to put
difficult ideas into terms which pupils can understand. As teach§rs develép, they
learn a range of different ways of representing and formulating the 1dea§ of
science which make them comprehensible to pupils. Through obsqvatmn,
practice and experience teachers develop a repertoire of explanations and
different ways of explaining things. If one doesn’t work, then pe.rhaps another
will. This ‘wisdom of practice’ (Shulman, 1986: 9) develops over time — teacbers
acquire a whole armoury of examples, illustrations, explangtlons and anglog1es.

The art of explaining involves the ability to convey dlfﬁculF sc1ent1f1c ideas
without distorting their meaning or telling lies. This often requires 9ons1derable
intellectual effort and sound subject knowledge. It involves breaking down a
complex idea, or a process, into its smaller component ste.p's. Processes su.ch alsl
photosynthesis, cooling by evaporation, melting or boiling, and fractiona
distillation can only be understood if the simpler ideas they rely on are ﬁ'rst
identified then put into a sequence, then explained. The business (?f identifying
the underlying or prerequisite ideas, then sequencing them is the baS}s of concept
mapping. Box One (shown below) gives a few of the key ideas behmd concept
mapping and some suggested steps in making them for oneself. Figure 1.1 shows
an example of a concept map produced by a new science.teacher.

It requires considerable mental effort. Just try doing it for any of the above
processes. Similarly with a complex idea such as momentum or .acc,:eleratlo.n.
‘Momentum’ depends on an understanding of ‘mass’ and ‘vglocuy . Velocity
requires an understanding of speed and direction. Speed is understogd by
... and so on. Explaining momentum requires a lot more effort .than simply
defining it as mass times velocity. One way to aid understand%ng is to use lots
and lots of examples, from many different contexts. Moving objects with a large
or a small momentum could be shown or talked about: a lorry, a train, a bee, the
Titanic. Examples help.
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Box | Concept mapping

What isa concept map!

A concept map Is a special kind of thinking (metacognitive) tool. Its purpose is to relate concepts
to one another as a hierarchy which, at the same time, should display their relationships in a
scientifically valid form. (Note: the word ‘concept’ in this case is taken to mean any word or
phrase which has 2 scientific meaning )

There are three very specific features that characterise a concept map.

1. It must represent a hierarchy of ideas ranging from the most general idea at the apex to the most 3!
specific ideas at the base.
2. The link between any two ideas must have a word or phrase which describes the relationshib and is i J
scientifically valid.
3. The concept map must be revised each time new information is mduded oncf when incorrect § ;
_ relationships are discovered. . , , @ ‘? )
Creating concept maps ' ' . v J
The concept map is rooted in this idea of ne!at:onsh:ps and that is why the hrerarchy and the §
statements of reiatlenshlp are essential if the map is to function. If you cannot find words to - ) f

desmbe the scientific relationship between two ideas then it is not valid to make the link. .
. Links should: not be made if they cannot be justified. The relat;onshxp should be researched
 more deeply through texts or wnsufmuon, untll either a suitable mnne:tmg phrase is found or
_the ided is rejected.
. One danger with the pmcass is that the map can end up 2s a topic web, in which case it will
have neicher bierarchy nor statements or reiatlonsblps and will do nothing to promote
~ undet‘standmg of the subject matter.

Concept mappmg is a dynamic process and the map should be conmntiy revised, The first
map is mereiy a startmg point which may contain errors and/or misconceptions. Its value,
hcwever, is that it not only chalienges the author'’s undersmnding but also cpens up. the thmking
o other people ina Mghiy visible and accessub!e way ‘

~r

Figure 1.1 An example of a concept map.

, Steps in Cancept Happmg ~
, I Choose the . concepts, i.e key v(mrds or very short phrases' you wish to use in your map.
_ Don’t choose too many at this stage Write them out on small separate pieces of paper.
N 2. Rank the list of concepts from the most abstrace and inclusive to the most concrete and
 specific to establxsh a hierarchy.
3 Gmup the concepts according to two criteria: .
- {i) concepts that seem to be at similar levels of generaln:y or specvf‘c:ty
(i) concepts that are closely related. '

4. Arrange the concepts as a two-dimensional array rather like a farmiy tree wzth the most

_ general concepts at the top.

5. Try to think of words or phrases that could link the concepts together so that it makes
scnentsﬁ;: sense. i you can't make a link at this point Ieave out the concept for d‘se time
being. ,

6 When you are satisfied that the map now reflects your current understandmg. draw it

_ outon a sheeet of A4 paper,

7. Link the refated concepts with lines and label them with the connecting phrase or word

- which describes the logical connections and which makes sense when read in

. _conjunction with the concepts.

8. Be prepared to revise your map. A concept map should allow the reorganisation and
reconstruction of ideas in order to create a dynamic framework for knowtedge and
understandmg :

wed to treat

Source: this is based on a set of guidelines produced by Keith Bishop of the University of Bath, partly
derived from Novak and Gowin (1984).
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Equally, analogies and metaphors are an integral part of science. Many
explanations involve describing the unfamiliar in familiar terms, or ex-
plaining unfamiliar events by comparing them with familiar occurrences.
Thus, electric current is like the flow of water in a pipe (the water analogy).
Fractional distillation is like sorting out a pack of cards into Kings, Queens,
Jacks and so on. Global warming is, in some ways, like the effect of a
greenhouse on its contents. Respiration is like burning. Light is sometimes
like a stream of particles, sometimes more like the waves in a tank of water.
But all analogies and comparisons have their limits. If a water pipe is cut, the
water leaks out — but electricity does not ‘leak out’ of a wall socket or a cut
wire (although we often talk of ‘leakage’ in an electrical context). Thus,
analogies are valuable but must not be taken too far: this message has to be
conveyed to pupils.

Similarly with both multimedia images and physical models in teaching
science. Multimedia can be a powerful tool in teaching science, especially in
showing the normally invisible entities which scientific explanations rely on,
e.g. particles in a melting block of ice; electrons in a wire; electrons ‘orbiting’
the nucleus. But there is a danger if pupils take these images too literally or too
seriously (see Chapter 5 of Collins, Hammond and Wellington 1997).

Similarly, physical models can be used to show things which are either very
small, e.g. atoms and their bonds, the helix of DNA, or particles as marbles in a
tray; and things which are very large, e.g. plate tectonics. But, like analogies,
models have their limitations. Atoms, and bonds between them, are not really
like balls and lengths of string.

In summary, good explanations often require illustrations, models and
analogies but teachers need to be careful to:

® point out their limitations, i.e. where the analogy breaks down;

o use illustrations and examples which are familiar to pupils and take account
of their own environment and personal circumstances (when I started my
teaching career in East London I always used insulation in house lofts in
discussing heat loss, until I realised that 95 per cent of the school popul-
ation lived in blocks of flats); '

®  avoid examples, illustrations or analogies which may be gender, culturally or
religiously biased (see Gilbert 1998, for a good discussion of explanations
and models).

4 Making best use of practical work

Science is about language. But it is also about doing things, seeing things happen,
measuring and controlling things. This is all part of practical work — something
which pupils have come to expect in secondary science (‘when are we getting the
Bunsens out?”) and which (unfortunately) many teachers now often take for
granted.

The art and craft of science teaching 9

On the positive side of the balance sheet, pracFical work can excite, mot1}/f—
ate, illustrate and clarify. But on the other hand it can also ;(?n}fluse, t:rnls()tc,)
complicate and demotivate. Teachers need to be clear. about whic . prlac 1C§7 &
do, when and why, i.e. what is the purpose of ?ach plece,of practica wo;1 e.r >0
many practicals in school science have be.en Apasse.d ony from }:)nel te}zic o
textbook to the next and have become ‘institutionalised’ into sc 0o ;c emes
work. They are here (and done) because they’re her? bec.ause they're here . . . 1

Returning to a positive note, practical activity in science can have severa

important purposes:
e to illustrate a scientific law, e.g. the connection between pressure and

volume of a gas; ‘ ;
e to demonstrate a phenomenon, e.g. expansion; or a process, .g. rusting,
photosynthesis;
e to interest and motivate pupils;
to aid memory of events and processes; . .
to develop and teach specific scientific skills and techniques, e.g. using a
Bunsen; reading from meters; adjusting a microscope; taking measurements;
e to show potential dangers and safety hazards; . N
e to stimulate discussion, e.g. with a Predict-Observe-Explain (POE) activity.

The art (or science) of good science teaching is to matgh the learning objec-
tive(s) of a lesson to an activity, whether it be practical work.or not. -FOE
example, theories and theoretical ideas are nc?t.best lea'rr.xt by doing prac'nlca
work, especially if they involve abstract, invisible entities such as particles,
lectrons, fields or waves.

atOII:llS’slfort, prac’tical work is valuable in showing what happ§n§ (phenoména,
events) and sometimes' how (processes) but rarely in explammg w.vhy thl‘ngs1
happen (theories). Science as a subject is as much theoretical as it is practflca
(see Millar 1998: 29 and other chapters in Wellington 1998), and therefore
hands-on work alone is not enough. ‘Minds-on’ are neede.d wo.

A full chapter (7) later in this book is devoted to practical work, its value and
its drawbacks, with another chapter (8) on Investigations.

5 Choosing and using resources

One key aspect of planning and managing learging is .the.skill O.f selectircllg the
right resources for the right teaching and learning ob]egtlves. Picture a dream
world where science teachers have a range of teaching resources at thelé
disposal: videos, a class set of textbooks, differentiated wgrksheets, an O\Lerhea.1
projector (OHP) and transparencies, a class set of equipment for eac pup1d
practical, a helpful and supportive technician, ready access to c.omputers an
software in labs and a bookable computer suite, the Internet, a hbrary/r'es'ource
centre stocked with science materials, funding for field-trips and visits to
museums Of interactive science centres . . .
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Now wake up. In a real school, most teachers will have access to some of the
above wish-list. None will have access to all of them. Even Ofsted admit that
reality is far from perfect and that class teachers are not always at fault. The
Ofsted (1998) review of the nineties reports that the level of resources in ‘a
significant number of schools’ adversely affects subject teaching, commonly in
the ‘teaching of practical subjects’ (Ofsted 1998: 12). This is often beyond the
control of the science teacher, since it is due to ‘major weaknesses in the
management of resources’ such as ‘the library and IT facilities’.

ICT, which both new and long-serving teachers are constantly being
counselled to use in supporting learning and teaching, is a classic case. Many
science teachers would love to use ICT given half the chance — they may well
appreciate the power of spreadsheets and databases, the value of compurer
simulations, the benefits of data-logging, the potential of multimedia to animate
and make the invisible visible, and the new horizons opened up by the Internet.
But they have to work in classtooms which are locared in institutions called
schools. Access to ICT resources — when and where they want them — and to
technical support for ICT in science teaching is a major problem for most
teachers. The same Ofsted review (1998) reported that in only one-third of
schools has careful management ensured ‘adequacy of IT resources’ and even in
many schools in this small minority the available IT is not put to ‘good use’
(page 148) often for lack of technical support.

So, in the real world, the task of choosing resources to match learning
objectives, i.e. horses for courses, is a messy and complex business. Given their
availability we can say, however, that:

*  wideos and multimedia can capture interest and demonstrate events, pro-
cesses or experiments which cannot be shown in the school lab — from
volcanoes erupting to babies being born;

¢ the OHP (if the bulb is working) can be one of the best visual aids ever

invented: for demonstrating, e.g. ripples in a see-through tank or iron filings

round a magnet; for showing animation; or simply for giving notes while
actually looking at a class;

visits to factories, power-stations, museums or science centres can be a

memorable part of a pupil’s curriculum and relate lab science to the world
outside.

Finally, ICT (if you can get your hands on it) is valuable in teaching and
learning science. A chapter (10) later in this book is devoted to ICT use in
science. Using other resources (such as newspaper cuttings and interactive
centres) to support school science teaching is discussed in the last chapter.

6 Presenting and portraying the ‘nature’ of science

The job of science teachers is a tough one. Not only do they have to teach
scientific knowledge, develop the skills of science and foster scientific attitudes —

they also have to convey messages about the nature of science and the': \'vork. of
scientists. These messages have to be conveyed either overt'ly arhld' exp.l1c1téy, 11.:,.
by planned activities or prepared teaching; or covgrtly aqd 1mphc1tly.,11;e. ykt e
teachers’ actions during practical work or by their reactions to pupils’ work or
pra\?(;leczllldla(i)w that practical work in science does not always go gccording to
plan. Nature, especially in science labs, sometimes does ngt behave itself. What
should teachers do when their practicals go wrong? There is evidence FhaF some
teachers ‘talk their way through it’, some know crafty ways .of rigging or
tweaking experiments, while some just cheat (see Nott and \X/eillmg‘gtor; 1997).
What messages do teachers’ actions convey about science and scientists!

Later, a whole chapter (11) is devoted to this issue ar}d to p'ractlcal ideas for
teaching, or conveying messages, about the nature of science, i.e. the how. But
here, in this introduction, we consider briefly: what are the key messages about
science and scientific activity that we wish to convey? . ‘

This, in itself, is highly debatable. Hence the summary below is presented in
(what I call) ‘Yes . . . but’ format:

e  Science is Contextualised? Science and scientists operate in a spiritual, moral

and political context. .
Yes . . . but it does cross boundaries. Viagra works on both sides of the

Atlantic (not that I've tried to verify or falsify this). Genetically modified
food can be imported and exported.

®  Science is Provisional? Its ideas and theories change over time.
Yes . . . but Newton’s laws are centuries old and they got us to the moon
and back. Theories may be tentative, but many laws are not (e.g. thjs,
Boyle’s, Charles’), nor are facts, e.g. expansion of metals. Copper will still
conduct electricity in 100 years time.

® Science is not Value-free! .
Agreed . . . but some scientific facts, laws and theories are mdepe.ndent ,Of
people and society. Newton’s Second Law works in Iran as Well as it does in
North America. The kinetic theory of particles can be applied globally.

¢  Science is Limited? It cannot explain everything.
Yes . . . but surely it deserves at least 8/10?

® Science is a Double-edged sword? . .
Yes . . . it does have its drawbacks. But would you like to live (except as an
aristocrat) in pre-science days!?

® Science deals in Relative, not Absolute truth? '
Yes . . . but an iron bar will expand when it is heated. This is absolutely
true: any place, any time.

® Science is Determined by reality? (see Ogborn, J. (1995) on ‘Recovering
reality’).
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Yes . . . reality (not just people and their construction of it) does determine
science. But a lot of good scientific theories have come from creative
thinking, hunches and leaps of the imagination. Many scientific
explanations depend on entities and ideas that are not real or observable,
e.g. point masses, fields, frictionless surfaces.

*  Science is Theory-laden?

Mostly . . . but some research at the ‘frontiers of science’ may not be, e.g.
on BSE, GM Foods.

*  Science is an Objective, rational activity.
Yes . . . but science is not a totally objective pursuit of the truth, and not
totally guided by the natural world. It is a human activity, driven by
personalities, egos and funding; often done in the context of large
institutions, driven by social movements; even driven by the media and
public opinion; often driven by politicians and other decision-makers.
Science involves competition as well as co-operation,

®  Science is Tentative!

Yes . . . but some scientific knowledge is pretty reliable. We ride in planes,

we drive over suspension bridges. We rake antibiotics. People, quite rightly,
have some faith in science.

We look in more depth at the nature of science in Chapters 2 and 11.

7 Assessing and evaluating learning (and teaching)

What is assessment for?

Expetienced teachers are constantly assessing pupils in classrooms — whether it
be from oral questioning, from overhearing their conversations during small
group work, from reading their written work or from closely observing their
actions during practical sessions. Assessing or (more harshly) judging people
occurs inevitably.

Teachers might decide to assess pupils, or be forced to assess them, for a wide
variety of reasons. For example, teachers might assess their students in order to:

enable teachers to set targets for individual pupils

boost the self-esteem of pupils (equally, it can dampen it)

inform higher education or employers about attainment

give feedback to pupils and parents on progress

maintain standards

rank pupils

entertain, for example, with a quiz

sort pupils into different sets or groups

motivate pupils and give incentives for learning (a stick and a carrot)
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give feedback on their own teaching effectiveness
identify individual weaknesses and problems
assist pupils in subject/career choice

diagnose errors and misconceptions

Some of these purposes involve looking forward; some involve .looking back; and
some, pethaps the most important, are intended to guide action (see KnutFon
1994:’ 734, for a full discussion). Some of the above examples are summative,

some formative and some diagnostic.

Types of assessment

Summative assessment of pupils, e.g. at the end of a unit, a module %r af key
stage in order to give them a ‘mark’, is the area we often focus upon. This orhm
of assessment also receives the most publicity in ter‘ms of mefi1a coverage (t. e
‘league tables’), political debate and discussion on ‘standards’. But summfatwe
assessment comes, in a sense, too late. For the classroom Feacher the two orms
of assessment most valuable in identifying needs, planning for learning, and
organising differentiation are:

e diggnostic assessment: to identify pupils’ preconcepti.ons or leaming. difficul-
ties so that future teaching can be guided and pitched appropriately or
tailored to individuals’ needs; . .

*  formative assessment: to assess learning as it proceeds, recognising positive
achievements, and making decisions about (forming) future steps and targets.

The main purposes of both are to improve teaching and 1ear.ni’ngi Day—t.o—d;.ly
assessment can be used: to identify very able or gifted pupils’ difficulties in
spoken or written English; and to become aware of the w1d.e range of special
educational needs (SEN) which a large group of learners inevitably has.

Strictly speaking, summative assessment comes at the end of~ a course or a
teaching scheme and has no influence on the teaching gn.d 1earn1ng process. .In
contrast, diagnostic and formative assessment of individual pupils is, quite
simply, the only sound basis for good teaching. To paraphr%se Ausubel (discussed
later), you cannot teach pupils unless you know them and ‘start from where they
are’. Self-assessment can also be valuable to pupils in assessing wh§re they are.

Class teachers will also inevitably be involved in summative assessmept:
e.g. an end-of-unit test, or end-of-year exam. Marking and monitoring pupils
work regularly, providing pupils with helpful oral and written feeFlback, and
setting sensible targets for future progress are all important skills for the
science teacher. -

How can teachers become ‘good assessors’ and use assessment as a positive,
motivating tool? Thorp (1991: 101) suggested five important principles for good
assessment which still apply. He argues that good assessment should:
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influence and inform future teaching and learning

show what pupils know, understand and can do

measure pupil progress

provide feedback for pupils, teachers and parents

give pupils a positive sense of achievement and therefore empower them

These principles can be put into practice through three different media: what
the teacher sees, what the teacher reads and what the teacher hears.

The need for variety and differentiation in assessment

Thus, teachers can assess and evaluate their pupils’ progression in three different
ways:

(a) By observation, i.e. by observing them during classwork whether it be
written work, discussion work or practical work. A teacher’s observations of
their actions and procedures can be an important part of assessing practical
skills or the ability to investigate.

(b) From their oral work, i.e. by listening to what pupils say in either whole
class discussion (e.g. question and answer sessions); by listening to and
observing small-group work; by arranging time for oral presentation of their
work, e.g. on a project or a report-back on a homework.

(c) From written work, i.e. from written tests or examinations; from written

f:lasswork or homework; from written reports on practical work and
investigations.

In practice, assessment has depended far too heavily on the written word.
Teachers have, often for justifiable practical reasons in a busy classtoom, been
unable to use observation and oral work to assess learners. Even when the;f have
done this informally and internally, it has not been encouraged or accepted
formally and externally. This is unfortunate because the almost total emphasis
on the written word has disadvantaged many pupils — many may be good at
speaking and doing science but poor at writing science. There is still a huge
need for differentiated assessment. ¢

The important activities of differentiation, questioning, feedback, marking
and setting homework are discussed in later chapters.

8 Ensuring continuity and progression in learning
and teaching

(})\ne of the key aims in teaching, given more publicity (if not prominence) by
the advent of a National Curriculum, is to develop continuity and progression
. . , .

in children’s learning. The two terms have become buzz words for something
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which is good and desirable. But in reality they are hard to define and even
harder to put into practice.

Although the words ‘continuity’ and ‘progression’ are usually spoken or
written together, they do not denote the same thing. Continuity is to do with
organising and planning a curriculum or a programme of study, whereas pro-
gression is more about an individual’s development or increasing complexity in a
pupil’s scientific ideas. Driver et al. (1994) expressed it well:

The term progression is applied to something that happens inside a learner’s
head: thinking about experience and ideas, children develop their ideas.
Some aspects of their learning may happen quite quickly and easily, whereas
others happen in very small steps over a number of years.

Continuity on the other hand is something organised by the teacher: it
describes the relationship between experiences, activities and ideas which
pupils meet over a period of time, in a curriculum which is structured to
support learning. Curriculum continuity cannot guarantee progression. Its
role is to structure ideas and experiences for learners in a way which will
help them to move their conceptual understanding forward in scientific

terms.

On the face of it, continuity might appear easier to develop since it is
somehow more ‘external’, ‘written down’ and open to checking. But research
(especially the extensive work by Ruth Jarman) has shown that, except in a few
outstanding cases, it is not happening. As Jarman (1999) points out, there are
difficulties about what continuity is, why it is needed and how it should be
achieved. Teachers offer a range of interpretations and metaphors for the term
continuity, for example: ‘building upon’, ‘the next rung of the ladder’, ‘not
repeating’, ‘not leaving a gap’, ‘maintaining momentum’, ‘no gaps, no overlaps’,
‘not duplicating’, ‘picking up where “they” left off’, ‘a gradual transition’, ‘a
common thread’. These terms are used by teachers in Jarman’s research and in
curriculum documents, both local and national.

However, in reality teachers have found it hard to put these ideas into
practice, particularly at the interface between primary and secondary education
(in the UK, key stages 2 to 3). Some teachers treat new pupils in the secondary
school as a blank slate or tabula rasa, imagining (as some have put it) that they
are ‘building on a greenfield site’. This often occurs because primary pupils come
from such a variety of backgrounds (with huge differences in teaching approach,
level of treatment of topics, knowledge ‘input’) and a wide diversity of feeder
schools. True liaison and continuity require a huge investment in time and
energy by teachers in both phases — teachers in the secondary phase especially
question whether the benefits outweigh the costs. Not surprisingly, many prefer
to start from scratch. In addition, a minority of secondary science teachers
simply do not trust what their primary predecessors have done.
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Progression

Progression in children’s scientific ideas needs to be built in to curriculum
documents, schemes of work and, for the individual teachers, lesson plans.
Genuine progression will:

*  build on the learner’s previous ideas, whether they be from outside experi-
ence or formal education;

* extend children’s understanding from a narrow range of contexts, e.g. the
school lab, to a broad range, e.g. the home, other planets, industrial pro-
cesses;

* enable learners to move from explaining simple events and phenomena, e.g.
magnets attracting, falling objects, to explaining more complicated events
and processes, e.g. electromagnetic induction, planetary motion;

* proceed from explaining things in qualitative terms, e.g. heat lost through
single and double glazing, to explanations using numbers and symbols, e.g.
the equation for heat ‘flow’ across a boundary;

* develop from explanations using things which can be seen, e.g. water in a
pipe, to explanations based on entities which are not observable, e.g.
electrons in a wire, particles in a liquid, frictionless bodies.

Table 1.1 sums up some of the main features of progression

Table . Dimensions of progression in a person’s knowledge and understanding

From ' To
From narrow . .. ...to broad
experiences and understanding in a knowledge of many examples in a

small number of examples in a
narrow range of contexts.

broad range of situations.

From simple ... ... to complex
understanding simple events. knowing and explaining complicated situations.

From using everyday ideas . .. - .. to using scientific ideas

From knowledge that . .. ... to knowledge how and why things happen

From qualitative explanation . .. ... to explanations using numbers, formulae

and equations

From explanations based only on

observable entities . . . ... to explanations using unobservable,

idedlised entities, e.g. point masses, rigid
bodies.

The art and craft of science teaching 17

These are the key elements of progression in knowledge gnd gnderstandipg.
Asoko and Squires (1998) offer a useful example of progression in ideas which
gives the principles above some meaning:

puddles disappear
Vv

puddles disappear faster when it is windy
y

when puddles disappear the water evaporates into the air

y

puddles disappear faster when it is windy because the air above them does
not become saturated with water vapour

(Asoko and Squires 1998: 176)

Knowledge of evaporation could also progress by:

(a) seeing or discussing it in a wider range of contexts, e.g. petrol on a forecourt
or another volatile liquid in the lab; the Dead Sea, the school pon.d; ‘

(b) bringing in the unobservable entities, i.e. liquid particles, to explain why it
occurs and how (for example) wind affects it; ~ ] )

(c) bringing in quantitative elements, e.g. the kinetic energy (Y2 mv?) of
particles; the reasons for cooling by evaporation.

The skill of the teacher is, first, to examine the scientific ideas being taught
to consider the progression in them. How can ideas. or processes such as
photosynthesis, nuclear fission, digestion, chemical reactions or electromagnetl.c
induction be sequenced in the same way as evaporation above? Second, this
progression in ideas must be related to the learner, e.g. aF what stage are learners
‘teady’ for a numeric, quantitative explanation? These ideas are explored more

fully in Scaife’s Chapter 4 on learning in science.

Progression in investigations

Progression can also occur, and be built into, practical and investigational work.

This will occur as:

*  pupils learn to deal with, or control, more than one variable at a t'ime; o

* scientific ideas, rather than their own everyday ideas, are brought into their
predictions and their evaluations; .

e the business of analysing their data and evaluating its strengths and
limitations is based more and more on scientific ideas and knowledge;

* their range of instruments and techniques for data collection is extended, as
is their ability to make informed choices on how and what to measure, and
what instruments and methods to use;

e their presentation of results or data becomes more reﬁne'td and employs
diagrams, tables or graphs using accepted scientific conventions; '

e written work employs more and more scientific language and terminology.
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The issue of progression in investigations and other practical work is dis-
cussed more fully later in Chapter 8.

The final message for this section is a challenging one. Centrally imposed
curricula have not ensured either continuity or progression. This is still the
teacher’s job. It requires not only hard work, e.g. liaising with others, looking at
previous work, studying others’ schemes of work, but also intellectual effort.
Sequencing scientific ideas and concepts into a progressive order is not easy —
just try it on a few examples.

9 Planning and managing lessons and schemes

At the heart of good teaching lies good planning and good management.
Individual lessons need to be well planned and structured, and to some extent
be self-contained. But they must also relate to previous lessons, previous
knowledge and previous understanding — and connect to future lessons and
future learning. This is why individual lessons need to be planned and
sequenced into a scheme of work. A scheme of work covering a period of several
weeks has exactly the same requirements as an individual lesson plan. Both

should have:

clear aims and objectives
clearly identified keywords and key scientific ideas
variety, in terms of activities, resources and teaching or learning styles

connections with previous knowledge and links to future teaching and
learning

e links to other areas of science, other parts of the curriculum (where possible)
and to everyday life

As for an individual lesson, there is some measure of agreement about the main
components needed for ‘good practice”

® a clear introduction including these elements: gaining attention; stating the

purpose of the lesson, i.e. why are you teaching this?; reviewing and relating

back to previous learning and teaching;

a variety of activities, e.g. perhaps some listening, some questioning, some

group work, some writing, but not an entire lesson of all the same thing;

®  appropriate supervision, intervention and guidance during classwork, i.e. know-
ing when to leave groups alone, when to challenge them, when to move
them on; providing appropriate remedial help where needed; keeping pupils
on task;

® a summary or ‘recap’ at the end of a lesson: reviewing and consolidating
what’s been learnt, looking forward to the next lesson in the scheme, and
setting follow-up work when appropriate.

Most teachers would agree that these are the main components of a ‘good
lesson’. They certainly do not apply to every situation or circumstance nor is it
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always practically possible to include them all - but they offer a useful frame-
work or aide-mémoire when lesson planning. .
One of the bonuses, but at the same time one of the drawbacks, of being a
science teacher is the sheer range of classroom and 1ab0ratory situations that
one is able, but also expected, to manage successfully. Sitl}atlons range from
didactic teaching, investigational work, teacher demonstration and class prac-
ricals to small group discussion, note-taking, fieldwork and the use of computers.
No other subject teacher has to plan for and manage such a range of sttyatlons. .
Chapter 5 is devoted to the business of planning and managing. One situ-
ation which science teachers increasingly have to deal with is the preser'ltatlon
and discussion of controversial or sensitive issues (see Chapter 11). Cur.rlculum
planners and textbook writers have (rather belatedly) come to reahsg that
science is as much about values as it is about facts. Indeed, in modern science,
facts and values are often inseparable. Recent issues such as cloning, BSE ar}d
genetically modified (GM) food have made this obvious — not least to th.e pupils
themselves, thanks to extensive media coverage. Other controversial issues —
the nuclear debate, evolution versus creationism, and the origin of the universe
_ have been around for decades. Presenting controversial issues in a balanc?d
way (which is a legal requirement) and handling subsequent discussion isa skill
which science teachers must now add to their repertoire. A later section puts

forward practical ideas.

10 Generating motivation and enthusiasm for science

Probably the most important, but sometimes the most neglectedj aspect Qf
science teaching is the ability to interest a wide range of pupils in science. Thls
is the affective domain of educational aims, underlying the entire cognitive
domain: without motivation, interest and engagement there will be little achieve-
ment. For the broad range of pupils, science has a poor track record in this, the
affective, domain. Up to the age of 16, all pupils have to study science in some
form so there is no obvious problem. But post-16, the lack of interest in and
enthusiasm for science subjects shines clearly through the statistics. DFEE figures
show a steady decline in the numbers taking physical sciences at Advanced
Level. More worryingly, boys in the 1990s were three times more likely to opt
for physical sciences than girls. Girls have been more likely than boys to choose
life sciences, though the gender gap in this direction is less marked. .

The simple statement of the Ofsted review (1998) is low key but damning:
‘Post-16, the teaching of science subjects compares unfavourably with that of
most other subjects’ (page 133). The report talks of ‘spoon feeding’, and an over-
reliance on dictated notes and duplicated hand-outs. The introduction of
GNVQ Science at Advanced Level (in 1993) did extend the range and style of
study available in science post-16. But there is clearly a lot more work to l?e
done in order to interest and enthuse learners of all abilities and both sexes in
science education, both pre- and post-16.
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What can be done, especially in the context of a fairly rigid national
curriculum and the dominant view of the teacher as a ‘deliverer’ of knowledge
(see later)? Teachers can adopt a number of strategies in planning and managing
lessons:

® using a variety of teaching methods
increasing their awareness of both sexes and all abilities
using topical and controversial issues as a context for teaching content and
processes

® planning for a range of learning styles and interests

* broadening science education and connecting it with other areas and
everyday experiences (i.e. making it relevant)

In terms of their own classroom behaviour, teachers can convey enthusiasm
and increase motivation in the following ways:

¢ The greatest possible use of praise and rewards: punishment may be un-
avoidable but it certainly demotivates, as does sarcasm or humiliation.

®  ‘Success breeds success”: ensuring some success, however small, can be a
huge motivator for pupils. Continuing failure, and excessive criticism, are
not.

*  Self-presentation: a teacher’s own body language and posture can convey
enthusiasm e.g. gestures, facial expression, posture or stance — similarly with
teaching voice.

These are hard principles to live up to, especially every day of the week. But
remember that teachers do have an impact — a learner’s enthusiasm (or dislike) for
a subject is retained long after their memory of its facts or content. The way that
science teachers present their subject is far more important than what they
teach. Praise, encouragement and reward will have long-term benefits: excessive
criticism, ridicule and sarcasm will ultimately rebound.

Children learn what they live

If a child lives with criticism,
he learns to condemn,

If a child lives with hostility,
he learns to fight,

If a child lives with ridicule,
he learns to be shy,

If a child lives with shame,
he learns to feel guilty,

If a child lives with tolerance,
he learns to be patient,

If a child lives with encouragement,
he learns confidence,
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If a child lives with praise,
he learns to appreciate,
If a child lives with fairness,
he learns justice,
If a child lives with security,
he learns to have faith,
If a child lives with approval,
he learns to like himself,
If a child lives with acceptance and friendship,
he learns to find love in the world.

Dorothy Law Nolta (date unknown)

Notes

1 Processes which are either too fast, too slow, too risky or too costly for the school lab
are often best shown with video or multimedia.
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Chapter 2

Becoming a teacher

Metaphors for the teacher

One of the difficulties in becoming a teacher, and continuing to develop as a
teacher, is in deciding what counts as a ‘good teacher’. What works for one
person may not ‘work’ for another. What one person believes is good teaching
may not accord with another’s beliefs or principles.

There is certainly a significant amount of research evidence on ‘good
teaching’, reported by authors such as David Reynolds (in several publications)
and others. A crude summary of some of the common features of the ‘effective
teacher’ could be listed as follows:

thoughtful planning

clear, restricted goals in a lesson

lesson clarity

strong structuring of lessons

careful and effective time management

use of pupils’ own ideas

high percentage of time-on-task for the pupils
appropriate, varied questions, directed at a range of pupils
variety of teaching methods

frequent feedback to pupils (on their spoken and written answers)
high expectations of pupils

® & 6 o ¢ 0 @ ¢ ¢ o ¢

These are helpful, if a little bit daunting and certainly hard to live up to. But a
list such as this does not really explore what it means to be a teacher, and what
a teacher’s guiding values, beliefs and principles might be. ’

One way of reflecting upon this is to consider what metaphors we might use
for teachers and for learners. This idea was first publicised widely by some of the

excellent Children’s Learning in Science (CLIS) materials in the early 1990s
Consider the following: .

the teacher as a postal worker (Postman Pat)

¢ the teacher as an air-traffic controller (or an aitline pilot) or a navigator
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the teacher as an actor

the teacher as a caterer, providing either self-service or waiter-service meals
the teacher as a barman or barmaid

the teacher as a bricklayer . . . or maybe an architect.

Figure 2.1 illustrates some of these models or metaphors.

Metaphors like these provoke all kinds of thought and discussion. The teacher
can be seen as: a potter, moulding clay; a guide in hilly terrain with the pupil as
traveller; a petrol pump attendant filling a car; a gardener, tending plants and
giving them nutrients, and in many other ways. It is interesting to note that
different models relate to different industries: the construction industry, retail
and catering, agriculture, the travel industry and others.

When people reflect on their own teaching they may subscribe to more than
one of these metaphors. Indeed, moving from one model to another is part of
what is meant by ‘a variety of teaching approaches’. Perhaps the biggest danger
in educational policy and practice has been to rely (perhaps unknowingly) on
one dominant metaphor. The all-pervasive model of the 1990s has been ‘the
teacher as deliverer’ — the Postman Pat model of education. The language of
teachers ‘delivering’ things has dominated the discourse of curriculum
documents, staffroom chat, parents’ evenings and formal staff meetings. The
metaphor of teachers delivering ‘items’, commodities or packages to learners has
permeated our thinking to such an extent that the word ‘deliver’ is almost
impossible to avoid in discussions about teaching.

Surely a better way forward is to recognise that teaching and learning can be
likened to many different situations, from different industries. A number of
metaphors can be employed, for different situations. Some models or metaphors
work best for one set of circumstances, ages, abilities and aims — some work best
for others.

Developing, and continuing to develop, as a science teacher

As already mentioned, science must be one of the most (if not the most) difficult
subjects to teach in the secondary school. Not only do science teachers need to
be able to manage and control all kinds of situations such as lab work,
demonstrations, small group activities, didactic teaching, discussion work,
‘circuses’ of experiments: they also need to be aware of, and able to handle, all
kinds of health and safety issues in their daily teaching. Their job is at stake in
safely organising rooms containing gas, electricity, glass and chemicals.

In addition, their subject is a conceptually difficult one. Just having and
maintaining one’s own subject knowledge is a prerequisite for good science
teaching but is in itself a tough requirement. Many science teachers have a
subject specialism, e.g. physics or biology, and just keeping this up to date and
rust-free is a tall order. But most scientists, especially in lower secondary, are also
required to teach outside their own specialism. This makes additional demands
on planning, preparation and thinking time.
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Actor

Deliverer

Bartender

Gardener

Guide/navigator

Figure 2.1 Cartoons showing different models or metaphors of teaching.
Source: Drawn for the author by David Houchin.
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Finally, science teachers are dealing with learners who may not only find
science difficult and uninteresting but also bring into the classroom precon-
ceived ideas about many ‘science’ topics: energy, force, heat flow and plant
growth are just a few examples. Their preconceptions (sometimes misconcep-
tions) need to be considered and occasionally challenged. There is sometimes a
gap between ‘common sense’ and scientific ideas. Indeed, some scientific ideas,
e.g. Newton’s laws, centrifugal force being ‘fictitious’, plant mass coming mainly
from carbon dioxide in the air, run contrary to cOmmon sense.

In short, science teachers face considerable challenges:

o getting to grips with their own subject, sometimes outside their own specia-
lism;

e managing and controlling a range of situations, some involving difficult
safety issues;

¢ enthusing and motivating their pupils;

e handling pupils’ prior conceptions about the natural world and presenting
them with new ideas and explanations which will appear contrary to
common sense.

Perhaps science teachers should be paid more than other subject specialists?

Models of ‘becoming a teacher’

Two models of teacher development and the art of teaching have been widely
used in the last two decades. Like any models, they are over-simplifications and
are open to criticism, but they can be useful in conceptualising what it means to
become a teacher. One is from Shulman, the other from Schon.

(a) Subject knowledge and pedagogical knowledge

Teachers have a set of knowledge which they bring to the classroom and a set of
knowledge which is developed and learned from their classroom experience.
These two ways of knowing our subject have been called respectively, subject
content knowledge and pedagogical content knowledge (Shulman 1986 and 1987).
The two sets of knowledge interact and inform each other. At the start of a
teacher’s career the pedagogical content knowledge is fairly thin, but studies
have shown that new teachers undergo a rapid acquisition of this knowledge
(Wilson, Shulman and Richert 1987). As teachers progress through their careers
the pedagogical content knowledge increases in size and importance in
relationship to the subject content knowledge, and the two inform each other.
Through teaching experience, and by working with mentors and learning
alongside teaching colleagues, we develop new tactics and approaches. Teachers
learn new explanations for difficult concepts, and new metaphors or analogies to
help them explain. As they learn this ‘pedagogical knowledge’ their understand-
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ing of their own subject improves — hence the old adage: ‘You don’t know your
subject until you teach it!” The diagrams below show crudely how these two
types of knowledge might change over time:

(a) subject content pedagogical content
knowledge (SK) knowledge (PK)

In the early days of teaching, the subject content knowledge is assumed to be greater than
the pedagogical content knowledge. The links between the two are weak.

(b) subject content pedagogical content
knowledge (SK) knowledge (PK)

SK >—+4 PK

v

As a teacher’s classroom experience increases, the relative proportions of these two ways
of knowing alter and the links become stronger.

(©)

K

&

As teachers become more experienced the two categories may overlap so that some
elements are common to both areas.

(d)

PK

O

Perhaps some very experienced teachers have all the elements of their subject knowledge
identical with some elements of their pedagogical knowledge?

Figure 2.2 Development of subject knowledge and pedagogical knowledge in teaching,
(Source: Mick Nott.)
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Of course, the relative sizes of these elements, and their positions relative to
each other, are open to some debate. However, one would hope that knowledge
of science (SK) does grow as a result of teaching, i.e. it is both brought to the
classroom and developed by classroom experience. Similarly, knowledge of
teaching (PK) must surely develop through observing others, coaching and
mentoring, reading books like this and reflecting on one’s own practice.

(b) Reflective practice

The second model sees the effective teacher as a reflective practitioner, capable
of reflecting upon and analysing his or her own teaching practices, even though
they cannot always be formulated, made explicit or put into words. Schon
claims (1983: 54) that teachers possess a type of knowledge called ‘knowing-in-
action’, which is a form of practical knowledge (akin to Shulman’s PK). This
knowledge is personal and tacit in that ‘we are usually unable to describe the
knowing which our action reveals’ (page 54) — hence the notion that teaching is
an art and a craft as well as a science.

Teachers develop by reflecting back on their own practice, especially when
everyday teaching throws up ‘surprises’ (Schon, 1987) which they have to
respond to (we discuss these in Chapter 11, calling them ‘Critical Incidents’).
Teachers also reflect during the actual practice of teaching, which Schon calls
‘reflection-in-action’ (which relates to what we might call ‘thinking on your
feet’). This model has its critics. Some say that ‘reflective practice’ has just
become a well-worn slogan, empty of meaning (Gilroy 1993: 140). It is not
always clear what reflection in teaching involves, nor is there agreement about
the word’s meaning. Gilroy (1993: 126) cites Lucas’ work in Sheffield where he
reported that reflection can mean several things: ‘ripping oneself to shreds’,
critical feedback and evaluation, a guiding principle for teaching, or a ‘tough
mode of active learning’.

My own view is that the model of the teacher as a ‘reflective practitioner’
(and it is only a model) is a valuable one. Schon’s work deserves to be read. It
would be a strange thing if a good teacher did not reflect on his or her own
practice. However, simply being a reflective practitioner is not a sufficient
condition for being a ‘good’ teacher. A reflective practitioner could be an
incompetent teacher. Similarly, plenty of historical figures from the past have
been reflective practitioners and have not always been good people. Hitler was a
reflective practitioner.

Mentoring and the role of a mentor

What Shulman’s and Schon’s models partly neglect is that ‘becoming a teacher’
should not be, and rarely is, a lone process. Teachers may often be alone in the
classroom but they are always part of a departmental team and a school staff.
Teachers (new and old) can learn from the teaching of others as much as they
can from reflecting on their own teaching.
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New teachers will often have a mentor whose job it is to support, help and
guide them, much as a craftsman did with an apprentice in the old apprentice-
ship model. The mentor is often said to be a critical friend, offering help and
guidance, but also setting up challenges to allow the novice to develop and
extend their teaching ability. Successful mentors will begin by acting as a role
model and then as a coach, i.e. by agreeing to be observed, by giving direct
assistance in planning, and classroom support during teaching. But then
mentors will move on to giving feedback on teaching, suggesting new teaching
strategies to try out, and encouraging new teachers to analyse and reflect upon
their own teaching. Good mentors will recognise these stages in a new teacher’s
development and take account of them. For instance, to launch into extensive
criticism and analysis of lessons in the early days would be poor mentoring. On
the other hand, in the later stages, the new or student teacher should start to
become more independent and autonomous, and grow into the role of reflective
practitioner.

Mentoring is clearly an important and complex process in the professional
development of teachers and deserves a lot more space than this book has room
for. For further reading, Brooks and Sikes {1997) makes an excellent start. They
argue that ‘a mentor’s personal characteristics and interpersonal skills are . . .
important’, that it is a skilled role and requires something more than the
offering of general friendship. Among the personal qualities cited are, ‘honesty,
openness, sensitivity, enthusiasm, sense of humour, organisation, self-awareness
and reflectiveness’; and the interpersonal skills of ‘the ability to listen effec-
tively, to give criticism constructively and to empathise’. '

Brooks and Sikes (1997: 35) conclude that:

* mentoring is a collection of strategies used flexibly and sensitively in
response to changing needs;

* mentoring is an individualised form of training, often conducted on a one-
to-one basis, which needs to be tailored to the needs of the individual;

® mentoring is a dynamic process, aimed at propelling students forward,
which needs to combine support with challenge.

In short, mentoring is an extremely difficult and greatly underestimated job.

My own observations and experiences in schools over the last 27 years
indicate that the practice of mentoring varies enormously in both quantity and
quality. Some are ‘born mentors’, some develop into good mentors through
reflective practice, while those who have mentoring thrust upon them are often
the worst in practising it.

Why should anyone learn science ... and therefore why
teach it?

It is important for teachers to be able to articulate an answer to the question
‘why teach science?, especially when pupils pose it. This can always be a slightly
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embarrassing question for any subject specialist teacher in a secondary school:
“Why teach French if most pupils go to Spain for their holidays . . . let e‘i‘lon’e,
Florida? ‘Why teach History . . . it’s all in the past? ‘Why teach about old

literature or Shakespeare’s plays? ' ‘
1 We start this section with an activity devised by Robin Millar (Table 2.1). It

lists twelve specific areas or topics which are taught in most science curricula
around the world. On what grounds can we justify their inclusion in the
secondary science curriculum? Before reading on, try the activity:

Table 2.1 What should be in the science curriculum, and why?

Consider each of the ‘pieces’ of scientific knowledge and understanding in the IisF below.
For each, decide which of the following categories you think it should be placed in:

U Everyone ought to understand this at an appropriate level — for utilitarian reasons
(i.e. it is practically useful). .

D Everyone ought to understand this at an appropriate !eyel - fot.' democratic reasons
(i.e. it is necessary knowledge for participation in decision-making). .

C Everyone ought to understand this at an appropriatg level — for cultural reasons (ie.
it is a necessary component of an appreciation of science as a human enterprise).

X It is not necessary that everyone know this. It need not be included in a science
curriculum the aim of which is public understanding of science.

‘Pieces’ of scientific knowledge
Science topic Your classification

The germ theory of disease

The heliocentric model of the solar
system

The carbon cycle

The reactivity series for metals

The electromagnetic spectrum

Radioactivity and ionising radiation

Newton’s laws of motion

Energy: its conservation and dissipation

An understanding of simple series and
parallel electric circuits

10 The theory of plate tectonics

Il Darwin’s theory of evolution

12 Acids and bases

N -
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Source: Robin Millar 1993.

If we applied a crude criterion of relevance to the curriculum we could be left
with nothing except reading and writing and perhaps some number work,
though even this can be replaced by a cheap calculator. Even ICT skills boil
down to reading, writing and the manipulative skill of using a ‘mouse’. So if we
wield ‘relevance’ like a huge axe to hack away any element of the curriculum
which is neither practically useful nor of vocational significance, i.e. gets people
jobs, there is little left standing in the secondary timetable.
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Take science. What specific knowledge or skill from secondary science is of
practical value to us? How many examples can you list? Wiring a plug is an
obvious example (though this is hardly a science skill). It is far easier to list
counter-examples. When did you last use Faraday’s laws of electrolysis, the
particle theory of matter, or the ability to carry out a titration? In short,
justifications for teaching science based on crude, utilitarian grounds, i.e. its
subsequent usefulness, are limited. This is especially true when we remember
that only a small minority of our pupils will go on to use science in their working
lives (they are more likely to use technology) and an even tinier minority will
become working scientists.

For most learners then, teachers will need to be able to justify why they are
teaching them science on other grounds. My own attempt to articulate some
justifications is given below. Whether they will cut any ice with cynical, dis-
affected pupils in science is debatable. I will divide them up crudely into three
areas: the intrinsic worth of learning science; its extrinsic or utility value; and the
citizenship argument.

I The intrinsic value of science education

First, learning science can help us to make sense of the universe we live in — and
of ourselves. It can help people to understand some of the events and
phenomena which we see happening — either on television, the Internet, or in
everyday life. We see: fossils, avalanches, droughts, thunderstorms, volcanoes
erupting, oil films on puddles, tidal waves, leaves falling in Autumn, skin cancer,
condensation, frost and dew, blue sky' (occasionally), fog, frogs and tadpoles,
obesity, famine, orbiting comets, ‘shooting stars’ and the occasional eclipse.

I could write two more pages of examples, and any reader could add to the
list. Science can help people to make sense of all these events. It may not have
definitive answers on all their causes, e.g. the alleged causal connection between
global warming and drought, famine or flood. But surely it is better to know that
the two very bright objects which ‘came together’ in the evening sky in February
1999 were Venus and Jupiter rather than two UFOs making a rendezvous; or
that the eclipse on 11 August 1999 was not a message from God? We can
understand a lot more about the world if we add scientific sense to common sense.
The latter is limited.

Second, science can actually be interesting and exciting. Not everything has
to be ‘relevant’. Teachers and curriculum developers have suffered under the
cloud of relevance for about 25 years (I personally blame James Callaghan’s
famous education speech, when he was Labour PM in 1976, for launching the
relevance bandwagon). Many events in science, e.g. caesium reacting with
water, and many explanations, e.g. why a needle floats on the surface of water,
can be interesting and intellectually stimulating in their own right. Many young
(and old) people have hobbies or pastimes which are totally ‘irrelevant’ — except
to them. Please can we have a break from the relevance criterion?
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Finally, in this first category, we have the culture and heritage a'rgume'nt. Tthlsf
is an important one, even if it cuts little ice with 15—year-olds. ?Clhencle is pe;ro bzl
our past culture, and a big chunk of our contemporary cult.ure. tisa soha g obal
activity, even if it may differ from one culture or nation to anotber. o
heritage, our history and many of the impor.tant. stories of .the past are asi o
science and scientists. Part of science education is about science stories or stor f
about scientists. Knowing these stories, and understanding science, is part o
what it means to be a cultured and educated person.

2 The citizenship argument
(a) The need for scientific knowledge: for individuals and key decision-makers

Participants in a democracy, it is argued, cannot mgke deci.sions and important
choices without scientific knowledge and understanding. Thls argument becorlnes
of clear importance when we consider past and current issues such as1 nuclear
energy and nuclear weapons, traffic pollution, the use of drugs, animal testing,
and not least many of the debates about the food we consume. (Shoul;ﬁl we eat
genetically modified (GM) foods, beef from the bone or any meat at all?)

Our individual decisions on these issues (as democrats) can be 1pfgrmed by
our knowledge of the science behind them. However, then? are two limitations to
this. First, the amount of science we need to know on each issue may not need to
be that great. For example, with GM foods we need to know wha.t they are, bo}:v
they are created, their dangers (or advantages) and hpw far the}r poller;3 1mlg t
spread — but detailed knowledge of DNA or genetic theory is proba fy not
necessary. Nor is in-depth, mathematical knowledge of nuclear fission or fusion
needed for all citizens in the nuclear debate, although knowledge of nuclear
waste, radiation, and half-life might be useful. .

Second, ultimately scientific knowledge will not make the deC}S}on for us.
Knowledge of science is a necessary but not sufficient basis for a decision. In th:1
final analysis, decisions are made on the basis of values as well as knowledge an
understanding of science. ' ‘ o

A scientifically literate society would not necessarily be a good society’.
However, some knowledge of science is essential in order for individuals to make
decisions and become citizens in a democracy. Knowledge of science is even
more important for those who are the key decision-makers in a democracy. T}us is
plainly true but in practice few key politicians or other decision-makers in the
past have been scientifically literate.

(b) The need for knowledge about scientists, their work, ‘scientific evidence’
and the nature of science

As well as knowing some science, citizens in a democracy need to understand
something about science itself and how scientists work. They need to know that
scientific evidence is not always conclusive. Evidence is messy as often as it is
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clear cut. This was shown throughout the 1990s with issues such as global
warming, BSE, GM foods, cloning and debates over sources of energy. The days
of certainty, proof and simple causality (chains of cause and effect) have long
gone. We live in an age where risk, probability and correlation are more
important ideas than proof, and certainty and causality.

Learners (and indeed all citizens) need to know that:

e science has limits (it cannot predict and explain everything; there are other
ways of understanding the world);

e science is done by people, or by groups and networks of people — it is a
human activity and therefore not 100% infallible;

e scientific evidence is not always conclusive — decisions are not made on
scientific grounds alone. Most decisions have to be made by weighing up
benefits, risks and probabilities;

e science does change over time (albeit slowly) and across cultures or nations;

e above all, science proceeds in a social, moral, spiritual and cultural context.

3 Utilitarian arguments

Actually, elements of science education can be useful, even if not to everybody.
Some arguments relate to individuals, some to the economy.

(a) Many students will not go on to follow careers in science, but some will.
This minority should not determine the shape or content of the entire science
curriculum for the majority (as may well have happened in the past). But, like
any minority, they should not be forgotten — either for their own sake or for the
good of the economy.

Similarly, we must not forget that a significant number of people do use
science in their own work, even if very occasionally, inadvertently or unknow-
ingly. Certainly, some civil servants and politicians (who almost seem to take
pride in being scientifically illiterate) should use it.

(b) The generic skills argument: science may well develop certain general,
transferable skills in people which can be of direct value in life or in the
workplace. Skills such as ‘problem-solving’ are often quoted, though exactly
what this is and whether it is really transferable is debatable. However, certain
lesser skills do develop in science education and are of direct utility: measuring
accurately, recording results, tabulating and analysing data, estimating, forming
hypotheses, predicting, evaluating what went wrong, handling apparatus, ‘trouble-
shooting’, using a range of measuring instruments, and so on. All of these are
enhanced by science education, some are central to it. All are of utilitarian
value, either in everyday life or the workplace.

(c) Attitudes: science education can also help to develop attitudes or
‘dispositions’ which can be of direct value to life and to work: an enquiring mind,
curiosity and wonder, a sense of healthy scepticism, a critical and analytical
approach.
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Table 2.2 What is science education for? A summary of justifications

. Intrinsic value

1.1 Making sense of natural phenomena; demystifying them.
1.2 Understanding our own bodies, our own selves.

1.3 Interesting, exciting and intellectually stimulating.

|4 Part of our culture, our heritage.

2. Citizenship arguments

2.1 Science knowledge and knowledge of scientists’ work are needed for all citizens to
make informed decisions in a democracy.

2.2 Key decision-makers (e.g. civil servants, politicians) need knowledge of science,
scientists’ work and the limitations of scientific evidence, to make key decisions,

e.g. on foods, energy resources.

3. Utilitarian arguments

3.1 Developing generic skills which are of value to dll, e.g. measuring, estimating,
evaluating.

32 Preparing some for careers and jobs which involve some science.

3.3 Preparing a smaller number for careers using science or as ‘scientists’.

3.4 Developing important attitudes/dispositions: curiosity, wonder, scepticism . ..

In summary, there are plenty of good reasons for teaching science, some of
which can (and certainly should) be conveyed to learners. Some of the
arguments, e.g. the culture or heritage approach, will have little impact on young
learners. But others may well convince them, if put forward both explicitly and
implicitly. Table 2.2 gives a summary of the main justifications which can be

used by science teachers.

Principles into practice

These principles may appear somewhat academic and divorced from the
classroom. But in fact, as well as determining why we teach science, they can be
used to guide what we teach, and how we teach it. They have a direct bearing on
classroom practice. For example, if we pursue the citizenship argument then
classroom activities should involve:

e  examining newspaper and other media presentation of science in a critical
way;

¢ the presentation and discussion of controversial issues i.e. issues, on which
there is considerable debate and no clear-cut answer;

e some teaching and learning on the nature of science itself, the work of
scientists, and the status of scientific evidence.

To neglect any of the above three strategies is to ignore the citizenship
argument. Similarly, the culture or heritage argument demands that at least
some science education should present the ‘stories’ of science, to show how
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science has changed and developed over time and how people have been
involved. Stories might include: the history of nuclear energy; beliefs about
evolution or the origin of the universe; changing views about the human body;
immunisation or vaccination; the short (so far) story of BSE, and so on.

Third, if we are teaching science for its intrinsic value and interest, then we —
and future curriculum developers — should include the ‘Big Issues’ of science rather
than spending so long on the specific detail and the nitty gritty, certainly pre-16.
When selecting topics we can only include so much: why not select (un-
ashamedly) topics and issues which are exciting, interesting and motivating?

In the same way, the classroom teacher can deliberately select methods and
activities which will capture interest and induce curiosity. A simple aid such as
video can succeed here and will also show phenomena, events and entities
which cannot be seen in the school lab. Multimedia, invaluable, for instance, in
making ‘the invisible, visible’, and other forms of ICT can also help (that is if
the science teacher can get hold of them).

Finally, the utilitarian arguments for science education demand that some
practical work be done (in addition to some theory). Practical work can develop
certain generic skills of value to all, which may transfer to other contexts.
Similarly, work in science should be planned with the development of certain
attitudes and dispositions in mind.

In summary then, the various justifications for teaching science can, and
should, have practical implications for what is taught and how. An individual
teacher’s own lessons are guided by beliefs and principles, whether they are
aware of them or not.

(An excellent discussion on guiding principles for science education is
published in: Beyond 2000: Science Education for the Future. This is a 32-page

report, edited by R. Millar and ]. Osborne, based on a seminar series in 1998. It
is obtainable from King’s College, London SE1 8WA.)

Science teachers and the nature of science

Finally for this chapter we need to consider the teacher’s own view of the nature
of science. Our personal view of science and what science is has as great an
impact on our teaching as our view of why science is important:

As teachers we do not just act as the gateway to knowledge. We ourselves
represent, embody, our curriculum. And, in our teaching, we convey not
just our explicit knowledge, but also our position towards it, the personal
ramifications and implications which it has for us.

(Salmon 1988: 42)

There are many factors which affect the way that science teachers teach.
Some are pressures, some constraints, while some will assist and enhance their
teaching. Figure 2.3 gives a crude summary of some of the main factors involved:
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the curriculum

teachers’ own
strengths,
weaknesses,
attitudes and
experiences

the science
department

SCIENCE TEACHERS

/ AND THEIR -
TEACHING the school
teachers’ own view of (headteacher,

science, and thgir own politics, ethos, etc.)
science education

pupils’ and parents’

xpectations
exp the learners

Figure 2.3 Factors affecting science teachers and their teaching.

It is generally accepted that the teacher’s own view of the nature of sciencfe.ls
one of the important factors, although there is some debate as to the lev§l 0 1tsf
importance (Lederman 1992). In this book we cons1der.var10us notions o
science: scientists’ science, children’s science, curriculum science, and of course
teachers’ science. These are just four of the different locations whgre different
bodies of scientific knowledge reside (Gilbert et al. 1985). Imagine thgm as
different repositories of science, all of which have importance for science
education. Everybody forms their own personal construct of what science is. Thei
activity of science teaching involves the interaction of thes‘e persona
constructs. As Salmon (1988) puts it: ‘Education is the systematic interface
between personal construct systems.” This is an interesting deﬁnition and an
important one for this book. It shows that successful teaching must achieve
some shared meaning between the various parties involved, some sort of
common ground between teachers’ science, children’s science and accepted
scientific knowledge and process (see Figure 2.4 and Novak 1981 ). '

A later chapter (4) looks at children’s science and the well-known dlctgm (')f
David Ausubel (1968): ‘“The most important single factor influencing learning is
what the learner already knows. Ascertain this and teach him accordingly.’ This
chapter, however, is premised on the belief that what the teacher already knows
is a factor affecting teaching. As Shuell puts it:
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ture 2.4 Common ground and shared meanings in science education

Th . .
1 e conlieptlons and assumptions we hold about the nature of knowledge
the way cr;owledge is represented and the manner in which new knowledge’
is . o

acquired determines what we study in science education, what we teach
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(Shuell 1987)

The ¢ k i i i
i ead;lers }olwn image or view of what science is does have implications for
i way that they present and teach science in the classroom, both on content
. . . . ’
. aptrf)c.et:ss. \th}l: th1s(§]1 mind we present the activity in Appendix One. It is
ctivity which we (Nott and Wellin i .
‘ gton) have been using f.
: . g for some years
OIEh ig‘rc]);ip’s of experienced teachers and beginners. It is not meant to be a ‘\Yalid’
. o .
o etli?‘l e to;)ll p ltuls more}:l a way of getting teachers to think about science and
ntinc method. Using this activity in i
| roups, in our experi h
. . ‘ y in g , perience, has never
led to provoke discussion. If you can find time to complete tf’lis activity

( refera ly lth Other C ent .]l l[]l C
F l) W ons 1 g ad S beillle 1 di i t
l i i . . ) a lng further 1t may help (0]

CQncluding remarks

Itis i ienti i
0 (.)ften saldb 'that scientific knowledge is provisional, i.e. its ideas, laws and
. ) y
iy Q()r1es a{_(; subject to change. This is even more true of views on the nature of
nce. ere is no general cons i
ensus on what science is i
8 ' . , nor is there a
araﬂ&m%nly igreed view of what constitutes ‘scientific method’ Many people
m:eet that t he wa}y science is viewed and conceptualised varies from one discip-
o another, for example, from life science to physical science (Lederman
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1992). There is certainly a wide variation in view amongst the well-known
philosophers of science from the past, ranging from Popper (1959) and Kuhn
(1963) to Feyerabend (1975), with the latter arguing against the idea of there
being any such thing as scientific method (see further reading). Other
commentators on the nature of science such as Collins (1985) and Woolgar
(1988) have focused on the way that scientists actually work. A single common
message is that scientists do not have a rigid or fixed view of what science is, or
of what constitutes scientific method.

In short, the message for teachers and curriculum planners is that there is no
definitive view of what science and scientific method are, any more than science
itself is fixed and absolute. It therefore makes no sense to accuse teachers of
having an inadequate conception of science, nor to berate them for it (as has
happened in the past: Lederman 1992). What can be expected of teachers,
however, is that they do recognise in their teaching that science as a body of
knowledge is provisional and that there is no single accepted view of scientific
method. They should also emphasise that science and technology are not
neutral or value-free activities. They are pursued within the context of a culture
or society with its own economic and political pressures and constraints (Thorp
1991: 135).

This chapter has attempted to encourage readers to reflect on their own view
of teaching and of science within those terms. Later in the book, Chapter 11
offers practical suggestions and guidelines for dealing with the nature of science

in the classroom.
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Chapter 3

The science curriculum and science
in the curriculum

The growth of the science curriculum: major shifts and
recurrent debates

Science education, as part of the secondary school curriculum, has evolved
over a period of more than a century. In that time there have been major
shifts: at the start of the twentieth century it was a subject for a privileged
minority, mostly male. In the twenty-first century, it would be unacceptable
to suggest that science should be taught to only a tiny, male, ‘higher ability’
minority. Science is now seen as a subject for all pupils, all abilities, and
both sexes. The slogan ‘some science for all’ now seems to be undeniable.
The questions of whether it should be ‘the same science for all’ or some
science for some and more for others, are debatable however, and always have
been.

Two excellent books, by Jenkins (1979) and Waring (1979) have traced the
history of science education from the later nineteenth century to the eras of the
1970s and 1980s. A book of similar quality on the recent history of secondary
science education has yet to be written. We cannot consider those histories in

depth here. But they do show that certain debates have cropped up over and
over again.

| Who, and what, is science education for?

Should science education be aimed at a minority? Should a science curriculum
for all be shaped and designed with this minority in mind? Is the aim of
science education to train future scientists and to teach them science’ . . . or is
the aim to develop ‘scientific literacy’ and the public understanding of science
for all citizens? Should the science curriculum aim to teach pupils about
science and how it works? Should there be ‘girl-friendly’ science? Should both
sexes receive the same diet? These questions have been, and will be,

perennial. (The specific questions of who and what science education is for
were explored in Chapter 2).
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2 Breadth and balance

Similarly, how broad should science education be? Shguld it cohncelr(;tir?t;ricr)ln
ly the three Big Sciences (physics, biology and chemistry) or shou “g
o ; hers such as geology, psychology and archaeology! Are the latter rea 3;
:;:izgce” Where do we draw the line between a science and a non-science’
. e balance between various components’ ‘
Wl’?}iefht?rlg Fgainced Science’ was first introduced in the UK HE) 1979 ilselet
Dunne 1998: 24), but since then it has become almost a slogan or a buzzword.

needs to be re-examined (see pp. 48-9).

3 Integration v. separation

This is one debate which seems to have gone away but in fact is stillAunlresol(vedci
Should each science be taught separately, or shoul.d the science albrr.lcu'um' an11
science teachers) take a topic and teach it in an integrated way, bringing in a
iences?
theI;eli‘éaStKS‘;: I11;74, the Schools Council Integrated Science Project (SCLSP)
was a major initiative in trying to introduce an integrated approa‘ch to teac mgf
science. A topic such as flight, for example, can be taught using a Fangle o
sciences: physics to explore the aerodynarpics, biology to conzllder ammz;: i, ;2
flight, chemistry to consider fuel an.d its by—products, ‘1an S(il 0;;,trafﬁc
psychology might be brought in to cons1deF the job of the pilot or the fic
controller. There are many other topics which could be Fa;kled 1gfa§ mtﬁgra e.‘
way: growth, movement, the air, rocks and soil, the origins of life in the uni
ildings, and the environment.
Verliz‘rb\;zli;usg r,easons the integrated approach of tbe 1970s has nevc;; c}ilught
on. It may be due to the entrenched subject specialisms of teac.hers wdlc may
in turn be due to the structure of science degree courses in Higher E u}clanon,
which are rarely integrated. It may be due to the examination boards (i: the way
secondary education is timetabled and compartmentalised. Whatefver ‘tb e rzason(i
the integrated approach of the 1970s gave way to the plegs or ‘broad an
balanced science’ in the 1980s and, in the UK, the introduction of a statutory
national curriculum with clear boundaries between the sciences.
Yet arguably the scientific issues and debates of the twenty-first celntury
demand an integrated approach. We explore the ideas of breadth, balance,
integration and separation later.

4 Process and content

A fourth recurring issue has been the extent to which science education shoulj
be about the skills and processes of science, as opposed to the facts, laws an
theories of science, i.e. content. Again, we explore the process—content debate

later.
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Within the realm of content there has also been disagreement over whether
values should come into science teaching or should we just present the facts’. In
teaching recent scientific issues it has become increasingly difficult to draw a
clear line between facts and values. Many facts have become value-laden (see
Wellington 1986, on the nuclear debate). Similarly, values have become
dependent on whose facts we choose to take account of, e.g. in considering BSE
GM foods or even the use of mobile phones. Science teachers may well say ‘Let’
us teach the facts and leave the values to the Humanities staff’ — but this
approach has become increasingly untenable, even if it ever was justiﬁable.

5 The place of practical work and the role of ICT

Finally, one debate which is over a century old concerns the place and purpose
of practical work. Ever since the days of H.E. Armstrong (see Jenkins 1979) the
idea of children doing experiments for themselves and ‘learning by discovery’
has been a subject of debate. Can children discover science for themselves? Does
exploratory or investigational practical work motivate children and help them
to learn and understand science? Or will children discover the ‘wrong science’?
Is discovery learning realistic in a 50-minute science lesson when history shows
that it took scientists decades to discover vaccination or develop a working
telescope? Can the pupil really be a scientist? (see Driver 1983).

This debate will run and run. H.E. Armstrong’s notion of discovery learning
was rediscovered by the advent of ‘Nuffield Science’ in the 1960s and 1970s
with its emphasis on practical work, children’s own discoveries, and the motto ‘I
do and 1 understand’. It has been given a new lease of life by the recent
emphasis on Investigation in Science (a statutory part of the UK national
curriculum). But to what extent do children make discoveries in this kind of
work? What happens if they discover the ‘wrong answer’?

In a later chapter we examine the place and purpose of practical work. One
related issue is the role of ICT. Many traditional ‘experiments’ can now be done
using multimedia, using perhaps a CD-ROM or the Internet. Should practical
work be done ‘virtually’, or will this take away the means to develop important
skills? ICT is widely used by ‘real scientists’, but will its widespread use in school
science, e.g. for data-logging or for simulations, create a gap in science educ-
ation? Again, this is discussed in the large chapter on ICT later in the book.

In the next section we examine in detail the important dimensions of the
science curriculum which have been debated since science education begén.

Science as part of the curriculum
Vertical and horizontal strands: the weft and the warp

One of the platitudes which science (and other specialist subject) teachers are
inclined to lose sight of is that their own subject is just one part of a whole
curriculum at secondary level. To state the obvious, it is one of a number of
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subject ‘pillars’: alongside maths, English, technology, the humanities, arts,
physical education, and religious education. These subject pillars tend to
become compartmentalised at secondary level, by both teachers and pupils. For
example, how many students learn to draw graphs in mathematics but cannot
qransfer this to science? One of the jobs of subject teachers then, including
scientists, is to try to make links between the subject pillars.

In addition, the secondary curriculum has cross-curricular elements and
dimensions running across it: the horizontal strands. Curriculum planners in
many countries have tried to build these in so that the curriculum structure has
both a ‘weft and a warp’. In the UK, for example, the national curriculum and
its many published documents laid down five cross-curricular themes: health
education, careers education and guidance, citizenship, environmental
education, and economic and industrial understanding (EIU).

These were supposed to form the ‘horizontal’ part of every pupil’s curriculum
from 11-16. In reality, they have usually been treated as a lower priority than
the subject pillars, and in many cases have been largely ignored. The latter
three, i.e. citizenship, environmental education and EIU have been especially
neglected. The Ofsted (1998) review described them as: ‘the poor relations of
the curriculum in many schools; such schools need to consider whether, in the
light of this neglect, they are fulfilling their curricular aims.’ (Ofsted 1998:

118.)

Linking and relating science to other areas

Science can be linked to other ‘subject pillars’, such as technology, geography
and history, and it is up to both individual teachers and school policies and
practices to make this happen. Dunne (1998) suggests several practical ways of
achieving this.

Science can also make its own contribution to cross-curricular themes and
dimensions. Its potential in enriching health education and education for the
environment is obvious. It can also play a major role in education for
citizenship, especially if the science curriculum deals with current and past
controversial issues and examines the way in which decisions are made and how
scientific evidence is used.

Two very specific areas to which science can contribute are literacy and
numeracy. Indeed, science is a unique subject in the curriculum because of its
major contribution to both.

(a) Literacy

Crudely speaking, science education can be used to develop both reading and
writing skills. Pupils’ reading skills can be developed by using directed,
structured activities (DARTs or directed-activities-related-to-text) in science. A
range of texts can be used: textbooks, readers, stories, newspaper cuttings,
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magazines, CD-ROMs and written material taken from the Internet. Pupils in
science lessons can be trained to extract the key information from such texts —
an extremely difficult skill, requiring training and coaching.

As for writing, science education is an ideal forum for developing writing
skills. Science writing is often seen as having its own style and genre: the clear,
concise account which describes or explains, using scientific terms carefully and
accurately. But writing in science can also involve creativity and imagination.
In addition, pupils can learn to write in different styles, e.g. letters to an alien,
or for different audiences e.g. articles for a newspaper. Given home or school
access to ICT, such as CD-ROM or the Internet, they can also learn to ‘bring in’
images or text from elsewhere (and to acknowledge its source, of course!). All
these aspects of reading and writing are considered in later chapters.

(b} Numeracy

Science is also in an ideal position to enhance pupils’ numeracy. Science
activities can be used to develop: the ability to estimate; a feeling for the size of
numbers and ‘big’ and small quantities; an awareness of large distances, e.g.
light-years and very small ones, e.g. the size of a microbe; the ideas of ratio and
proportion; the ability to rearrange simple formulae such as V=IR; working out
averages; using fractions and percentages; plotting graphs and understanding
what they mean (including the difference between line graphs and bar charts);
drawing curves or lines of best fit and knowing which to draw; understanding
probability and risk.

All these activities in science lessons will contribute to general numeracy.
Equally, of course, maths teaching will (or should) enhance a pupil’s science
education. Science teachers, however, need to be aware of some of the common
specific difficulties which pupils have, e.g. using fractions; understanding ratio
and proportion; estimating rough orders of magnitude; expressing quantities in
standard form. They also need to recognise the common general difficulty of
transfer, i.e. being able to carry across skills and ideas learnt in the maths dept.
to the science lab at the other end of the building.

Examining the science curriculum more deeply: breadth,
balance, process and content

Why reflect on the science curriculum?

There are two good reasons for taking time for further reflection on the nature of
the science curriculum. First, teachers as professionals need to be far more than
‘deliverers’ of a science curriculum. They have an important role to play in
shaping and interpreting science and in adapting the science curriculum for the
future. It is not set in tablets of stone — that would make neither economic nor
educational sense in a rapidly changing society based on science and technology.
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Secondly, any national curriculum in any country is laid downdas a ‘r(nin}imlili
entitlement’ rather than a straitjacket or a set of immovable boun Zrles 3 tb o t}gl "
for many teachers it may feel like this). To use Fhe metaphor a the,: g 13; the
Association for Science Education (ASE), the ngtlonal ’currlculum }115 a‘'s ];: cton
which needs the flesh of the real world and the ‘l1fe fqrce .of the teac e}: to rmgnt
alive. Within its framework, teachers have flexibility in the way they preste as
science, for example, as essentially about processes aqd methoﬁs or},lm contrai ;he
a body of accumulated knowledge. They can also dec1d§ vx./hét er they presen
various sciences as an integrated whole or as separate disciplines.

Dimensions and aims in the science curriculum

How many people reading this have experienced a broad andA balanced edl.llclaﬁon,
Jet alone a balanced science education? Few, I would imagine. Many w1f 1Arave
pursued an education biased towards the sciences pferh.aps frgm Fhe agedo +or
earlier, and certainly from the age of 16 onwards. Within thelr science e ucatlo}?,
many will have followed a course geared either. to the life sciences c;r to t i
physical sciences, with the choice of route depending on such fortmtou; 1a{ctorii a

the school, the teaching staff or their own gender. Some will ha\'/e ollowed a
science course that included little or no practical wor'k. Many will h}ilve. gone
through the system to graduate in a science without having .stud1edfear.t science,
cosmology, astronomy or ecology, let alone the nature ar'ld history o science. |

So we need to recognise that many of those responsible for providing a broa
and balanced science education to pupils have not had the benefit of such a
curriculum themselves. Teachers need to be aware of their own backgrogn.d and
the views and beliefs about science which they hold the.mselv.es. - .thl‘s is the
basis of the activity which is shown in Appendix Two. This Tact1v1ty invites y;)lu
to consider your own position on two issues: first, the question of whether the
science curriculum should be seen as separated out into discrete sciences, or t ef
study of science should be seen as an integrated whole; secondly, the question od
whether the science curriculum should focus largely on the processes an
methods of science rather than on the content or body of knowledge which
science through the years has accumulated. The activity therefore focuses on
the two poles, integration versus separation, and process versus content.

There are, however, other dimensions to breadth and balapce that nee@ to be
remembered, principally that of the affective aspect of science educatlon.;s
opposed to the cognitive aspect. The affective element. includes the pupil’s
attitudes and disposition towards science: interest, excitement, enth}151asm,
motivation, eagerness to learn and openness to new learning. These are 1mporF~
ant dimensions of any science curriculum which are neglected at our Pe“l
(Claxton 1989). The notion of different elements or ‘domain§’ of educagongl
aims goes back to Bloom’s (1956) taxonomy of educational objectives which is
still valuable in considering a balanced science curriculum. A summary of these
three elements is given in Table 3.1.
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Table 3.1 Groups of aims in science education

Cognitive Psychomotor Affective
Factual knowledge Manipulative skill Interest

Enthusiasm
Understanding Manual dexterity Motivation

Involvement
Application Hand-to-eye Eagerness to learn

coordination

Synthesis Awareness and openness
Evaluation

Striking a balance?

The question which is still relevant for science education is: how should the
various parts of science come together to form some sort of coherent whole, i.e.
a broad and balanced science curriculum? Balance and integration are not
synonymous. There are insufficient grounds for a truly integrated science or
science curriculum, i.e. there is no unifying principle involving the concepts,
content or processes of science which can bring about integration. We are thus
faced with a mixture rather than a compound in devising a balanced science
course. What should this mixture contain?

My own suggestion, which is presented as an Aunt Sally, is that it should
include the following:

® a study of the content and ¢oncepts of the sciences, giving a balanced
coverage of the main sciences and some mention of the less commonly
covered sciences;

®  consideration of the practices and processes of science, i.e. scientific methods
and procedures (whilst remembering that there is no clear consensus on a
single scientific method);

e study of the links between science, technology and society;

®  consideration of the history and nature of science.

[t does seem desirable that science education should be presented as a balanced,
coherent and concurrent mixture of these parts, i.e. various sciences taught
alongside their methods, their applications, their impact on society, with some
consideration of their nature and limits. Is this expecting too much? It is
certainly a goal that can be achieved within the framework of any national
curriculum.

As for the process versus content debate, it cannot be doubted that the
traditional, content-led approach to the science curriculum with an over-
emphasis on factual recall, inert ideas, irrelevant laws and theories and difficult
abstractions has been long overdue for change. But a swing or backlash towards
an exclusive emphasis on processes and skills is equally undesirable, philo-
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Table 3.2 Balanced science education

Science education can be seen in terms of three categories of knowledge that people
who have received a science education should possess:

Knowledge that Knowledge how (to) Knowledge why

Explanations, models, analogies,

Facts, ‘happenings’, Skills, processes, .
frameworks, theories

phenomena, experiences abilities

sophically problematic and probably as likely to fail its students as a content-led
approach. Particularly dangerous is the belief that processes could and should be
taught in isolation from content (Wellington 1989).

There are various ways of conceiving balance, none of which is definitive but
all of which can be valuable aids to thinking about the goal of a balanced
science curriculum as an entitlement for all pupils. A final framework for
considering balance in both science lessons and schemes of work is offered in
Table 3.2. It presents three kinds of knowledge (Ryle 1949) as being important
in science education: knowledge that, i.e. traditional factual recall and the ex-
perience of events and phenomena in science; knowledge how, i.e. processes and
skills; and knowledge why, i.e. a knowledge of explanations, laws, frameworks
and theories. Science teachers and curriculum planners could usefully employ
these three categories in considering their teaching, science courses and curri-
cula for the future.

A ‘balanced’ science education will not focus on one of these three categories
at the expense of the others.

The changing face of the post-16 curriculum

One of the most hotly debated areas of the curriculum, since curriculum debates
began, has been the post-16 phase. This has evolved, and some would say been
passed from pillar to post, for decades. In the UK, for example, the debate has
largely been about A-levels, GNVQQs and NVQs — what are they, who are they
for, and where did they come from? Similar debates about academic versus
vocational qualifications (and which are ‘worth’ the most) have occurred
elsewhere in the world, not least in North America and Australasia.

In the UK, the 1980s saw a growing drive to produce a better match between
education and training and actual job requirements — this is part of the change
often referred to as the ‘new vocationalism’. This drive involved employers in
stating their requirements (as far as they could) and in helping to develop new
qualifications. In the UK the National Council for Vocational Qualifications
(NCVQ) was set up in 1986 to monitor existing awarding bodies in the
vocational area and to sort out the complicated mixture of qualifications then
available. The NCVQ set about developing a new approach to vocational
education and training based on the key ideas of ‘outcomes’ and ‘competencies’,
both of which (in theory) could be assessed and measured (Jessup 1995).
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This led to a system of National Vocational Qualifications (NVQs) which are
directly related to certain jobs and can be acquired at any level from 1 to 5.
Level 3 is said to be ‘equivalent to’ Advanced Levels, while the higher levels 4
and 5 are deemed to be Higher Education. Then, in order to ‘bridge the gap’
between the directly vocational and job-related NVQs and the academic, non-
vocational A-levels another new qualification was brought in: the GNVQ.

GNVYQs and GNVQ Science

The General National Vocational Qualification (GNVQ) was first announced
in the Government White Paper Education and Training in the 21st Century
published in May 1991. The Government intended that GNV(Js, together with
NVQs, would replace other vocational qualifications and become the main
national provision for vocational education and training. They would be
available at foundation, intermediate and advanced levels.

Although GNVQs are primarily aimed at the 16-19 age group, they are
available to adults and, credit rowards them may also be gained by the 14-16
age group. One of the main objectives of GNVQs is to provide a genuine
alternative to A-level qualifications for the increasing number of students
staying on in full time education beyond the age of 16. In particular, the GNVQ
at Advanced Level is designed to be of comparable standard to A-levels (first
called, in 1992, the ‘vocational A-Level’).

GNVQs were designed to provide a broad-based vocational education. In
addition to acquiring the basic skills and a body of knowledge underpinning a
vocational area, all students have to achieve a range of core skills (now called
key skills). This combination of vocational attainment plus core or key skills
provides a foundation from which students can progress either to further and
higher education or into employment and further training. The position of
GNVQs in the ‘qualifications framework’ is shown in Figure 3.1.

Core skills (now ‘key skills’)

The NCVQQ proposed the idea that while developing ‘occupational compe-
tencies’ students should also develop fundamental, core skills. These were
identified as:

problem solving

communication

personal skills

numeracy

information technology

competence in a modern foreign language

The key skills for GNVQs are now only communication, IT and application
of number.
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National qualification framework
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Higher Degree GNVQ5 NVQ5
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Advanced GNVQ NVQ3
A/AS
Intermediate NVQ2
GNVQ
GCSE foundation NVQ1
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Figure 3.1 Qualifications framework.

GNVQ specifications for science

GNVQ specifications have been modelled closely on the NVQ format.AAlthough
three awarding bodies (RSA, BTEC and City and Guilds) accredit GNVQ
Science, RSA was responsible for setting up the advisory and working groups
which devised the mandatory units for GNVQ) Science.

(A) INTERMEDIATE GNVQ SCIENCE
For intermediate GNVQ in science students study:

®  certain mandatory vocational units, which all students take

¢ optional vocational units
e key skills units, which all students take
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They also take two optional units. These give the opportunity to study a subject
in more detail, or to look at something completely new. For example, they can
specialise in sports science, health and fitness, or forensic science.

(B) ADVANCED GNVQ SCIENCE

At this level there are eight mandatory units. Students then take an additional
four optional units and the three core skills at level 3 to make an Advanced
GNVQ which is equivalent to two A-levels. To make a complete ‘weekly
timetable’ students may take additional GNVQ Science units or units from
other GNV(QQ programmes or an A/AS level or extra GCSEs.

GNVQs have not been without their critics. They have been accused of
being of lower status and poorer quality than A-levels; they have also suffered
from a lack of ‘parity of esteem’, meaning in practice that certain schools have
not touched them and those pupils choosing them have had (on average) lower
grades at GCSE level. However, A-levels themselves have not been without
their critics.

Some criticisms of A-level

Over recent years many teachers and educators have challenged the appropri-
ateness of Advanced Level examinations for the changed population staying
in full-time education post-16. Some of these criticisms will now be examined
but it should be remembered that A-levels themselves have changed over the
years.

(a) Narrowness

The narrowness of the A-level curriculum has been recognised for at least
twenty five years and a number of government initiatives to broaden the cur-
riculum have failed to secure change. According to Pring (1995) this
narrowness can be of content, learning styles and relevance. Narrowness of content
arises because science students rarely continue to take a foreign language and
arts students rarely continue with science or mathematics studies. The narrow-
ness of teaching style is related to the nature of the content and volume of
materials to be taught which leads teachers to adopt traditional teaching styles
(and student learning styles) which may not necessarily be the most effective
or beneficial for the students. This has been exacerbated by the wider range of
teaching and learning styles encouraged by GCSE. Narrowness of relevance
relates to the tight prescription of content which precludes students from
spending time on those issues that are especially meaningful to them. In
science, for example, this may be a concentration on theory when the students
are more interested in the human and moral implications of what they are
learning.
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(b) Wastage

By and large, students who take A-levels are probably the top 25 per cent of the
year group. One concern, therefore, is the relatively high failure rate associated
with these courses. In the past, some 30 per cent of those who started A-levels
either left without completing the course or failed to achieve the minimum pass
grade in one subject. This represents a considerable wastage of potential.

(¢} Links to GCSE

Changes to the curriculum in the compulsory phase of education (largely
brought about in the UK by the introduction of the national curriculum) and
the moves towards a balanced science course occupying 20 per cent of cur-
riculum time (as opposed to students being able to follow three separate sciences
in, perhaps, 30 per cent of curriculum time) have resulted in students not
having covered some of the content that has traditionally been assumed on
entry to A-level. In practice, students may have a broader picture of science and
possess different, valuable skills but this still places added pressure on both
teachers and students (see Winn 1998).

(d) Continuity

With over 60 per cent of the school population in the UK now remaining in
full-time education beyond the compulsory school leaving age, the break at age
16 in the curriculum and examination courses framework becomes less relevant
and this has resulted in some pressure to reconsider the whole of the curriculum

from 14 to 18.

(e} The ‘gold’ standard

A-levels have, in the past, been labelled the ‘gold standard’ or the ‘jewel in the
crown’. The use of a cliché such as the ‘gold standard’ immediately sets up a
barrier. Not surprisingly, set against the academic background of A-levels,
GNVQ) courses may be found wanting. In fact, what needs to happen is for
courses and qualifications to be judged against their own aims and values,
against the nature of students taking the courses and the learning they achieve.
This is why the hope of creating parity of esteem of vocational qualifications with
A-levels by calling the former qualification a ‘vocational A-level’ when it is
quite obviously a different creature was almost certainly bound to fail.

Changes at A-level

These criticisms ignore the fact that A-levels have themselves changed. The
content load has, in many cases, been reduced. Key skills (IT, numeracy and
communication) are being introduced for A-level students. ‘Broadening’ is
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being encouraged through the A/S level (see below). The mode of delivery has
shifted from terminal examination to a modular approach followed by module
tests. Over a period the teacher has had a greater involvement in the assessment
of practical skills rather than externally set practical examinations. Elements of
choice have been introduced (especially through modular schemes), project
work has been facilitated and work experience included in some sy’llabuses
Completely new syllabuses, all of which were required to include a nationall‘
agreed subject core, were introduced for first examination in June 1996 and Z
\1V21C016)3 variety of Advanced Level syllabuses became available (Knutton 1994:

Probably the most significant change over previous A-level syllabuses was the
introduction of modular courses. Modular courses were advocated because they

have certain advantages over traditional courses. Parkinson (1994: 45-6)
identified these advantages:

¢ they are more student-centred than the traditional courses, with students
choosing modules (if the school can provide the staffing);

they give more choice (a wider range of modules);

they provide short-term goals and regular feedback;

the modules may bridge the academic-vocational divide;

students can build up credits over a period of years — useful for part-time
students;

¢ upper and lower sixth can be taught together.

Parkinson also identified certain disadvantages which include:

¢ students will take module tests which assume an A-level standard after just
six months with no allowance for their lack of maturity;

* modules may not have the same degree of difficulty and the tests may not be
equally demanding;

® it is not clear that the modular A-level will be equally regarded by HE and
employers (most UK first degree courses are now modularised).

A modular approach may also encourage a fragmentary, ‘bitty’ approach to
knowledge of a subject, as opposed to a holistic approach viewing a subject (e.g.
physics) in its entirety.

Advanced Supplementary (AS) Levels

Advanced Supplementary examinations were introduced in the late 1980s as
one way of encouraging the broadening of the curriculum post-16. These
examination courses were defined as half the content of an A-level course but at
the same academic level. Originally a wide range of both contrasting and
complementary subjects was envisaged. These courses have enormous potential
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for introducing breadth and flexibility into the curriculum but, so far, the
response from schools and colleges has been lukewarm for a variety of reasons. A
major danger is the possibility of AS-levels being used as a half-way house
towards A-levels with the students facing examinations at 16, 17 and 18 years.
Another problem for schools is organisational — unless the sixth form is very
large it is unlikely that viable AS groupings will be generated (unless they can
be taught at the same time as the A-level students).

Causes for concern in post-16 science

Despite the length and heat of the debate about the post-16 curriculum and the
huge efforts to offer alternatives to students, there are still a number of concerns
over current provision, many of which apply internationally:

(a) Numbers and conflicting policies

Over a period of three decades the numbers of students post-16 taking science
and mathematics has been a cause for concern — especially to Higher Education
Admissions Tutors. In practice, the percentage of the total age cohort taking
these subjects has remained fairly static at between 5 per cent and 6 per cent.
But as the numbers remaining in full-time education post-16 have risen steeply,
the proportion of those staying on and studying science and mathematics has
dropped. In the meantime, subjects like business studies have seen a massive
growth.

There has also been a direct contradiction between the thetoric of politicians
and their policy. The politicians’ thetoric is that a strong economy depends on a
good supply of young people with skills, knowledge and understanding in
science and technology. However, research by Fitzgibbon (1996) suggested that
the policy of enforcing national league tables for school exam results has
discouraged schools from allowing students to follow maths and science A-level
courses, fearing that they might fail. As a consequence, the numbers of students
going on to Higher Education in these areas is decreasing. This vicious circle,
and the contradiction between rhetoric and policy, is obvious but extremely
damaging for the future of science.

(b) Quality and breadth of teaching

The style and quality of teaching post-16 has often been criticised. The 1998
Ofsted review states quite simply: ‘Post-16, the teaching of science subjects
compares unfavourably with that of most other subjects’ (Ofsted 1998: 133).
They comment on ‘spoon-feeding’ and, not allowing students to ‘think for
themselves’.

As for breadth, many schools have turned to the International Baccalaureate
(IB) to overcome the narrowness of A-level. The IB is an international qualific-
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ation with candidates in 95 countries. Students can take six subjects from
different areas of the curriculum (e.g. mixing arts and sciences).

(c) Parity of esteem

NVQs and GNVQs (and similar qualifications in other countries) are still
looked down upon, often quite unjustifiably. This lack of esteem occurs in the
eyes of teachers, students, parents and even employers.

(d) Coherence and cohesion

There is still very little coherence in post-16 pathways. ‘Crossing the track’
between academic and vocational options, or mixing the two, is still very
difficult in practice. There are still too many differences in forms of assessment,
syllabus styles, ‘culture’ and methods of learning and teaching in the different
pathways. The move to introduce core or key skills to all post-16 courses may
help but the academic—vocational divide is still a large gap to bridge (see
Hodkinson and Mathinson 1994).

Perhaps the only way to achieve coherence is to ‘start from scratch’ and
create a single, unified framework for all post-16 qualifications. At present, the
post-16 picture with its wide range of qualifications ranging from NV(Q) to the
Baccalaureate does remain something of a quagmire. It is little wonder that
employers claim to be mystified by it and that some universities (explicitly or
implicitly) favour applicants with so-called traditional qualifications.

Conclusion

The future of post-16 science education looks murky and uncertain. However,
what can be said with certainty is that:

(a) Post-16 science courses in the future will need to meet a diverse range of
needs, they will need to be flexible (perhaps modular), and will need to
cater for lifelong learning.

(b) Unless the vicious circle of fewer students taking science post-16 and in
Higher Education, resulting in fewer graduates able or willing to teach
science, is broken, then the long-term future of science education and
science itself is uncertain.
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Key skills and their place in science

Key skills have been growing in importance for a number of years, in the UK and in
other parts of the world. They shifted from being a core feature of ‘vocational’ courses
such as NVQ and GNVQ to becoming a central part of all post-16 courses. More
recently they are becoming an explicit element of all subjects in secondary and primary
education. With the focus largely on communication, working with others, the use of
ICT and the application of number the science curriculum has been an ‘ideal home’ for
their development. In fact, science classrooms (primary and secondary) provide as good a
context as any subject for the opportunity to nurture them.

The April 1999 issue of Education in Science provides an excellent starting point for
further reading in this area, with five short articles on key skills at different phases.

Theme B

Practical approaches to
science teaching




Chapter 4

Learning in science

Jon Scaife

Student teacher to chemistry class: You won’t be able to do question one
because you haven’t done ionisation energy.

Class teacher to student teacher: ~ They should be able to do it.
Student teacher to class teacher: ~ Have they done ionisation energy?
Class teacher to class: You did it with me. Before Christmas.

Student 1: You might have done it. We haven’t!
and after further discussion . . . .

Student 2: What is it we're supposed to have done!?

(From a school in Yorkshire, England)

The thing that struck me about this exchange was that nobody could agree
about learning. Everyone was uncertain about it. This was an odd state of affairs,
because lessons are supposed to be for learning. If not, then what is the point of
education? It would be odd if some people produced a newspaper but could not
agree what was in it. And you would be surprised if a car maker could not tell
you the car’s specifications (It's blue, no it’s green, with a few doors. .. er
... we're not sure whether it’s got an engine.)

Introduction

The trouble with learning is that it isn’t a ‘thing’ in the way that a newspaper or
car is. That makes it elusive to observe and even to think about — and perhaps
that is why teaching often has a higher profile than learning in education. To
illustrate, picture a science class you've been in fairly recently. Think of the
teaching: what was taught, how well it was taught, who taught it, was it raught
scientifically appropriately? Now think of the learning and check the same four
questions, substituting learned for taught. Hard? Virtually impossible unless
you're a mind-reader because there’s absolutely no guarantee that what was
taught is what was learned. In fact there’s a lot of research evidence that suggests
the two are often distant relatives.
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In this chapter the main aims are to summarise some of the longer-standing
perspectives and also some recent ideas about learning (some people call these
‘theories’) and to look at teaching in the light of these ideas. In the course of
this it will be useful to settle on some working definitions for words like
learning, knowledge, understanding and so on, because they are overworked in
everyday language and confusions easily arise. A glossary is included at the end
of the chapter. Science teachers are used to this problem, with words like power,
chemical, animal and so on, which have everyday usage but which need more
precise definitions to be used scientifically.

Why theories?

For quite a while ‘theory’ has been an unpopular word to use in talking about
education (Adey 1995b). But there are two good reasons for science teachers
not to fear the T-word. The first is that science itself is full of theories. It is a
massive achievement in human theorising; more than that it is an amazingly
productive synthesis of thinking and doing. Science is ‘living’ evidence that
theories and practice aren’t opposites, they are jigsaw pieces that more or less fit
together. The second reason for science teachers to be comfortable with theory
in education is that they have written quite a bit of it themselves. As we will see
there are several ‘big names’ who have been both science teachers or scientists
and also thinkers about learning.

Why though are some teachers sceptical, even hostile towards educational
research? Perhaps this is because so little ‘official’ research is carried out by
teachers themselves. The trouble with teaching is that contrary to some public
opinion, it takes a lot of time. After teaching, assessing and doing everything
else the job entails, most teachers have neither the time nor the energy to do
any in-depth checking or other researching into the effects of their work, the
nature of their job, the curriculum or anything else. Surveys, comparisons and
evaluations are very difficult for teachers to carry out at the same time as
holding down a full timetable. The problem with this, as Spinoza pointed out
over three hundred years ago, is that those who ignore history are condemned
forever to repeat it. If teaching is to develop and change in a changing world,
there must be a place for reflection and research.

Some educators and researchers in education have come to the conclusion
that, as a foundation for their activities, they must develop some theoretical
ideas as to how children build up their picture of the world they experience.
They believe that unless they have a model of the student’s concepts and
conceptual operations, there is no effective way of teaching.

(Glasersfeld 1991: 21)

What can theories offer to teachers?

The first thing is that if a theory is any good it should at least add something to
common sense. It might do so by extending, reinforcing or even conflicting with
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common sense. Its perspective may be sharper or its conclusions firmer. It
may spotlight differences that to the common-sense view are invisible. The
theoretical ideas in this chapter have things to say about children’s learning.
The topics include the following: How do people learn? Do students know any
science before they are taught it? How can teachers find out what students have
learned? How does mental maturity influence thinking? Can mental maturing
be accelerated? Do students know what they're doing in science lessons? Is there
more than one kind of learning? Do students learn from practical work? From
discussion? From teachers’ questions? Can we learn how to learn?

This chapter is based on the idea that if more could be learnt about how
people learn, then pupils and teachers would both benefit. The chapter sets out
to give a brief introduction to some theories of learning, to some ideas that
children have in science and to some possible approaches for teachers.
Suggestions for further reading are given at the end.

"What’s the problem?

Most science teachers are well qualified in science and have completed school
science courses with considerable success. Does this show that science teaching
and learning are on sound footings?

Consider these views:

Never . . . has there been a time when the public at large, or even its highly
educated segment, could be considered literate in science.

(Shamos 1995)

The average citizen’s knowledge of science is far less today than at any
other time since science became a part of the school curriculum . . . science
educators have not been successful in transcending school science literacy
to adult science literacy.

(Kyle 1995)

Unfortunately we must face the bitter truth that most students in schools all
over the world do not understand. In other words, given situations in which

they must apply their ‘school knowledge’, they do not know what to do.
{Gardner 1993a)

Imagine all the children born in, for example, Britain in 1970. Figure 4.1
illustrates what I think has happened to their average level of science knowledge
over thirty-odd years. It improved during schooling and peaked at school leaving
age, at GCSE grade F or equivalent. Since then it has declined steadily. If you
doubt this, select a few adults more or less at random and ask them some science
from key stage three of the national curriculum. It costs a fortune to educate the
nation in science as ineffectually as this! There is plenty of scope to make science
teaching more effective in terms of peoples’ long-term learning.
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Figure 4.1 Variation of mean science knowledge with age.

Why learning: why not focus on teaching?

The most common concern shared by student teachers in the early stages of their
qualification courses is survival in the classroom. ‘Will they (children) listen to
me? Will they do what I tell them? What if they don’t? If you are in the grips of
this stage, take heart, it usually wears off quite early in the first teaching
placement. The second stage in the development of new teachers focuses strongly
on the acts of teaching: ‘Am I doing it right? Am [ covering the curriculum? Is the
class properly controlled? This is the stage where the curriculum, and teaching
performance, take over from survival as the main concerns.

In the third developmental stage the teacher is concerned with the effects of
teaching on students’ learning: ‘What are the students learning? What do I want
them to learn? How can I enhance their learning” Isn’t this the main point of
teaching? The first two stages of teacher development are means to an end — and
learning is the ‘end’. The more we know about learning the better we can teach.
This even has ‘official’ support: included in the British Department for
Education ‘Standards for the Award of Qualified Teacher Status’ (DfEE 1998) is

a statement that new teachers are required to:

understand how pupils’ learning is affected by their development;

know pupils’ most common misconceptions in science;

plan teaching to achieve progression in pupils’ learning;

assess how well learning objectives have been achieved and use this to
improve teaching;

e keep up to date with research and developments in pedagogy and science
education.
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How do people learn?
I Some data

Let’s start right here. Can you think of something that you're reasonably, or
even very, good at — anything at all, not just school work. How did you get that
way? How come your learning in that field has been successful? What would you
pick out as the key factors that have contributed to your successful learning? You
might be able to come up with responses to these questions in a matter of
seconds. Do your responses have anything to say about teaching? In other words,
can anything be learned about effective reaching from your own successful
learning!

If you respond to these questions you're actually carrying out research into
learning. Don’t get carried away though, because data obtained from ‘intro-
spection’ is bound to be personal or ‘subjective’. Much more research would be
needed before generalisations were justifiable. But self-reflection is a good start.

2 Learning and mental development: Piaget

As people grow they develop intellectually as well as physically. Their powers of
reasoning and their capacity to experience ranges of emotions increase. As they
grow they are able to learn new ideas. What kinds of tasks and problems can
children solve at different ages? This question was studied in detail by Jean
Piaget.! He drew inferences about the cognitive processes employed by indi-
vidual children as they attempted to solve various kinds of problems. The result
of this experimental work, together with Piaget’s view of intelligence as an
adaptively favourable characteristic in natural selection, led him to propose a
theory of children’s cognitive development. The impact of Piaget’s ideas on
teaching in Britain has been very considerable.

According to Piaget, children make meaning for themselves: they learn
through actively constructing knowledge. A new experience might be assimilated
by a child into her or his current cognitive structure. The experience might, how-
ever, be in conflict with the child’s current cognitive structure, possibly resulting
in the structure changing or accommodating to the new information. Piaget saw
these processes of assimilation and accommodation as helping to bring about
‘equilibrium’ between the child’s cognitive structure and the environment.

Piaget believed that although cognitive development in children is a con-
tinuous process, it does not take place smoothly, at a steady rate. He identified
three principal stages of development, which occur in a definite order, as
illustrated in simplified form in Figure 4.2. Children of school age have normally
reached either the concrete operational stage or the formal operational stage.

Concrete operational thinking involves processes such as classifying, sorting
and ordering objects. The child has developed ideas of conservation and
reversibility; when a ball of Plasticine is moulded into a new shape and then
rolled back into a ball, the child may know that the amount and weight of
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Figure 4.2 Piagetian stages of development.

Plasticine remain unchanged through the cycle. Driver (1983: 55) illustrates the
type of inferential logical problem that might be solved at this cognitive stage: if
water in beaker A is hotter than water in beaker B, and water in beaker B is
hotter than water in beaker C, which beaker has the coldest water in it?

Formal operational thinking is associated with the use of hypothetical models
for the purpose of explaining things. It is characteristic of situations involving
several variables and also of the use of the mathematical notions of ratio and
proportion.

The significance of these cognitive stages of development for science teachers,
then, is that some forms of learning cannot be achieved until children reach the
formal operational stage. Piaget’s experimental work led him to believe that
formal operational thinking can take place in 12-year-olds but subsequent re-
search (Shayer et al. 1976; Lawson and Renner 1978) indicates that most children
develop formal thinking much later than this and some do not develop it at all.

It has been argued that familiarity with the idea of stages of cognitive develop-
ment will allow teachers to devise approaches to the science curriculum with
greater insight (Shayer and Adey 1981). A science scheme, ‘Thinking Science’,
which has been designed with explicit reference to Piaget’s model, will be
described later in this chapter.

Piaget was educated as a biologist and his view of knowledge as adaptively
useful to an individual clearly draws on his science background. The idea of
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knowing as adapting has been extended by Glasersfeld; this is explored in the
following section. But this is not the only direction in which the connection
between biology and thinking has developed. Indeed, it has been predicted that,
just as the twentieth century has witnessed an ‘explosion’ in physics, the twenty-
first century will see an equivalent process in neurobiology and the study of the
mind/brain. For further reading in this field see, e.g., Edelman (1992), a neuro-
biologist, and Dennett (1991) and Searle (1997), both philosophers.

3 Learning as knowledge construction: constructivism

A major scientific debate took place during the late nineteenth and early
twentieth centuries. The question was: Is space full of aether? Aether was an
attractive idea because it gave a sense of absoluteness to space and it helped to
overcome difficult puzzles such as how light travelled through space from the
sun to the Earth. A famous experiment by Michelson and Morley in 1887 was
designed to show the effect of the Earth moving through the aether. No effect
was found. Within twenty years Einstein proposed that we cannot detect
absolute physical properties of space; the only properties we can detect are
relative ones. People’s views of the physical universe depend on their relative
circumstances (such as whether they are moving relative to each other). The
aether is a property of absolute space; Einstein’s ideas imply that we cannot
know if aether, or absolute space, exists.

There are some similarities between the evolution of these ideas in physics
and those in some fields of psychology and philosophy. For a long time, a
dominant cultural view in the West has been that there is a universe ‘out there’
and that scientists are gradually uncovering fragments of truth about it. This
perspective is sometimes called ‘inductive realism’ (see, e.g., Selley 1989 and
other chapters in this volume). At the same time, the dominant model of
science teaching has been that teachers draw their pitchers from the wells of
truth and pour knowledge from them into the empty vessels which are their
pupils’ minds. Another name for this model of teaching is the tabula rasa or
blank slate approach; (it used to be commonplace in undergraduate lectures).
The inductive realist view has been seriously challenged by numerous writers for
many years. So far, in this field there is no equivalent of the Michelson-Mortley
aether experiment but this has not stopped people from questioning the
relevance of the idea of an absolute universe: ‘I have never said (nor would I ever
say) that there is no ontic world, but I keep saying that we cannot know it.’
(Glasersfeld 1991: 17).

In the view of Glasersfeld and others who describe themselves as ‘construc-
tivists’, people do not acquire knowledge about an independent reality; rather
they construct knowledge to fit what they experience: ‘the world we come to
know [is] assembled out of elements of our very own experience’. (Glasersfeld
1991: 19). Glasersfeld’s version of constructivism, known as ‘radical construc-
tivism’, is based on the following premises:
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1 Constructivism is about knowing (Glasersfeld 1991: 17).
Knowing is a state of adaptation of an individual to the individual’s
environment (Glasersfeld 1989: 125; 1991: 16). [‘Environment’ is intended
here to include social, cultural and physical aspects and also the self]

3 The individual’s state of adaptation, and knowledge, are dynamic and ever-
changing.

4 New knowledge is learned through the construction of new states of
adaptation of the individual to the environment (Glasersfeld 1989: 128).

5 New knowledge is constructed by the knower from the interaction of
experiences and current knowledge, beliefs and emotional states. .

6 Knowledge is not something that is ‘out there’, in the environment. Nor is
it something that is passed about in immutable form.

7  We can have no certain knowledge of an absolute, objective reality. This

includes scientific knowledge.

Radical constructivism has both strong supporters (myself included) and
vigorous critics. Its opponents have accused it of implying that:

all learning is discovery learning

no-one can be taught anything

learning is an individual, not a social, process

knowledge can only be constructed through the experience of the senses
my knowledge is the equal of your knowledge in terms of truth and merit
there is no absolute objective reality

Constructivism is a contemporary view of knowing, distinct from the traditions
of realism and rationalism. As with any serious challenge to tradition, it has
prompted a range of reactions from curiosity and excitement to anxie.ty and
hostility. Despite this variety, constructivism has undoubtedly established a
place in science education: “The view that knowledge cannot be transmitted but
must be constructed by the mental activity of learners underpins contemporary
perspectives on science education’ (Driver et al. 1994).

To sample the views of both supporters and critics of constructivism, see the
journal Science and Education; the whole of volume 6, numbers 1 and 2, (January
1997) is devoted to the topic.

4 Vygotsky and Bruner: Learning with a little help from friends

No man is an Island, entire of it self; every man is a piece of the Continent,

a part of the main. .
(John Donne, ¢.157 1-1631, Devotions)

If John Donne were writing today, I imagine that he would include women gnd
children too. Up to now, intellectual development and knowledge construction
have been considered from the point of view of the individual. But we are a
social species, the more so by virtue of our possession of language. Is this
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significant? Do interpersonal processes influence how and what we learn? The
biologist Humberto Maturana (1991: 30) certainly thinks that they do: ‘Science
is a human activity. Therefore, whatever we scientists do as we do science has
validity and meaning, as any other human activity does, only in the context of
human coexistence in which it arises.” Central to this coexistence is language.
For Maturana, we exist in language, experience takes place in language and we
know what we know through its constitution in language.

Maturana may be regarded by some as holding a radical view but the under-
lying point, that knowledge is constructed by individuals through interpersonal
processes, is now shared by many people. Jerome Bruner (1964) stressed the
importance of language in cognitive development nearly thirty years earlier.
Around this time, the work of L.S. Vygotsky began to appear in the West,
having been suppressed for two decades in Russia. Vygotsky (1978) believed
that, ‘children undergo quite profound changes in their understanding by
engaging in joint activity and conversation with other people’. This view is
shared by Edwards and Mercer (1987), who regard knowledge and thought as
‘fundamentally cultural, deriving their distinctive properties from the nature of
social activity, language, discourse and other cultural forms’. The implication is
that meaning is constructed not only through processes operating on individuals
_ such as the stimulation of senses or the mediation of prior knowledge — but
also through processes of social communication.?

Vygotsky worked extensively with people with learning difficulties. He used
to test their capabilities by asking them to attempt various tasks. Similar
practices continue today: a familiar case is the obtaining of data about students’
‘reading ages’. This measure compares a child's reading with the average reading
capabilities of each year group. Imagine carrying out a large number of such
measures, each assessing the child’s performance at different tasks, in different
cognitive domains. The result would be a ‘profile’ of the child. Now suppose that
a teacher sat with the child, offering well-judged prompts as he/she attempted
the tasks. The result would be another profile, with generally higher values in
the measured domains than when the child worked alone. Vygotsky described
the relationship between the two profiles, using an expression which translates
from Russian as ‘zone of proximal development’. Some authors have shortened
this to ZPD or ‘zee pee dee’. One account of this (Vygotsky, 1978: 86) is that a
child has a personal ZPD that represents ‘the distance between the actual
developmental level as determined by independent problem solving, and the
level of potential development as determined through problem solving under
adult guidance or in collaboration with more capable peers’. Interpreted in this
pragmatic way, the ZPD is an extra amount of constructing that can be done by
the child, and its ‘size’ depends on:

the child’s current level of development
the child’s current mental constructions
the discourse between the child and her or his environment



70 Practical approaches to science teaching

Figure 4.3 ‘Pragmatist’ model of a ZPD.

Region 1 is a zone which represents the child’s current development. Region
2 is the child’s ZPD, representing potential development in the near future. The
arrows in Figure 4.3 represent learning, leading towards new development. Since
a central issue in teaching is the promotion and guidance of learning, the
effectiveness of teaching could be judged according to how it assists (or
otherwise) the construction and direction of these arrows.

The adult’s action in guiding the child’s learning has been likened by Bruner
(1985: 25) to the construction of scaffolding: ‘the tutor in effect performs the
critical function of ‘scaffolding’ the learning task to make it possible for the
child . . . to internalize external knowledge.” A word of caution is appropriate
here, because the word ‘scaffolding’ can conjure up a variety of images. One
image which is sometimes implied in discussion of Bruner’s scaffolding idea is
that of a temporary structural support; a ‘buttress’ would be a more accurate term
for this. The purpose of scaffolding in the building trade is to support the process
of construction, not to support the structure itself. Bruner’s choice of word
suggests a process, but who does the building — the child or the adult?

Newman and Holzman (1993) are fiercely critical of ‘pragmatic’ interpret-
ations of the ZPD. They argue (page 88) that ‘the ZPD is not a zone at all’ but
rather that it is (page 147) ‘a reorganising of environmental scenes to create
new meaning and a learning that leads to development’. This is a much broader
notion than the functional object described above: e.g. (page 112): ‘Speaking
(verbalizing, using a language) is, perhaps, the single human performance that
best exemplifies . . . the form and substance of the life space of everyday human
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performance, the ZPD. According to these authors the school by no means
necessarily contributes constructively to development through learning:

Traditional schools are not ZPDs; they teach children and adules alike to
devalue and even destroy ZPDs. In the typical classroom children are taught
to view the major activities in the ZPD — working together, imitating that
produces something other than mere repetition, collectively changing the
total determining environment into something that is not predetermined,
reshaping the existing tools of language and play into new meanings and

discovery — as illegitimate.
(Newman and Holzman 1993: 195)

Vygotsky’s view is that learning leads development in the ZPD. When teaching,
guidance or collaboration moves ahead of development it ‘impels or wakens a
whole series of functions that are in a stage of maturation lying in the zone of
proximal development’ (Vygotsky, quoted in Newman and Holzman, page 60).
This contrasts sharply with the idea that learning can take place until it reaches
limits imposed by the current level of development, a view associated with
Piaget.

The ZPD represents current potential learning, leading to new development
{Vygotsky referred to it as containing ‘buds’ of development). In a systemic view
it is not a characteristic of the child alone but rather it is an aspect of the large,
complex system consisting of the child and her or his environment. ‘Environ-
ment’ is used here in the most general sense, including the child’s peers, parents,
teachers and school, the physical environment and also the social context, its
history and the history of the child. Whether the child’s potential learning is
actually realised depends on the operation of the system as a whole.

5 Ausubel: rote/meaningful and reception/discovery learning

The educational psychologist David Ausubel made a helpful distinction
between two extreme types of learning. What he labelled as ‘rote learning’ is
sometimes referred to as learning parrot fashion. Occasionally a mental catalyst
(a mnemonic) is used to help rote learning, such as ‘Richard of York gave battle
in vain’ for the colours of the visible spectrum (which inevitably prompts
children to ask about indigo!). Meaningful learning contrasts with this because
it results in knowledge that is not superficial or arbitrary but is well connected
with other knowledge.

[M]eaningful learning takes place if the learning task can be related in
non-arbitrary, substantive (non-verbatim) fashion to what the learner
already knows . . . Rote learning, on the other hand, occurs if the learning
task consists of purely arbitrary associations . . . if the learner lacks the
relevant prior knowledge necessary for making the learning task potentially
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meaningful, and also (regardless of how much potential meaning the task
has) if the learner adopts a set merely to internalize it in an arbitrary,
verbatim fashion (that is, as an arbitrary series of words).

(Ausubel et al. 1968:27)

Ausubel’s distinction between rote and meaningful learning is complex.
Learning can, for example, be both meaningful and rote, depending on context.
In school, children sometimes learn to use technical language in skilful, socially
meaningful ways, without having any technical understanding of the words.
John Holt described this as ‘right-answerism’: it gets teachers off pupils’ backs.
In a study of 16-year olds who had been taught about ‘the living cell’, Dreyfuss
and Jungwirth found that pupils had invented a variety of explanations for the
scientific phenomena in question, irrespective of the technical plausibility of the
explanations:

[Sluch pupil explanations of ‘abstract’ biological phenomena are usually never

discussed by the teachers . . . Pupils then adopt them because of their efficacy,

not in the solving of scientific problems, but in satisfying the teachers.
(Dreyfuss and Jungwirth 1989: 51)

There are traps for the unsuspecting teacher here. I fell into one when my
daughter announced that her class was ‘doing buildings next term’ and could I
tell her something about them? Over the next few days we had stories and
drawings of bridges, walls, portal frames, triangles and arches. Finally I suggested
we finish off with doors, windows and lintels. [ drew a brick wall with a hole in
for a window. We agreed that the window probably couldn’t hold up the weight
of the bricks above it. I drew another wall with a window hole and a space
above for a lintel. “What shall we do to hold the bricks up? I asked. ‘Use a
lintel!” was the confident answer. I was in the process of congratulating myself
about my teaching when came the question ‘Dad . . . what’s a lintel?’

Another distinction drawn by Ausubel concerns the situations in which
people learn. One extreme is ‘reception learning’, where people are completely
passive in a social sense, that is , they just ‘sit there’. Ausubel contrasted this
with ‘discovery learning’ where in order to learn anything of substance, the
person has to do something. Both of these learning situations have been sharply
criticised. After a period in the 1960s and 1970s when discovery learning was
fashionable in science education, it has gone out of vogue. The trouble was that
it clashed with the curriculum: students didn’t always discover what they were
supposed to. There is little educational support for reception learning but it is
thought to have an economic advantage: mass lecturing, or computer-based
alternatives to lecturing save on teachers’ pay.

6 Memory: Gagné et al.

Robert Gagné (I pronounce his name ‘Gan yay’) developed a model of how
human memory functions, with a corresponding model of how ‘bits’ of know-
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Table 4.1 Seven types of memory element
Element Brief definition Example

String A sequence of words or “To every action .there is
symbols recalled as a equal and opposite
whole in an invariate form reaction

Proposition A description of a property Th.e yeast plant is
of a concept or of the unicellular

relation between concepts

Image A mental representation The shape of a thistle .
of a sensation funnel; the smell of chlorine
Episode Memory of an event one An accident in the .
took part in or witnessed laboratory; the setting up
of a microscope
Intellectual skill The capacity to perform a Balanging chemical
whole class of mental tasks equations
Motor skill The capacity to perform a Pouring a liquid to a mark

whole class of physical tasks

Cognitive strategy A general skill involved in Perceiving glternative N
controlling thinking interpretations; determining
goals; judging likelihood of
success

Source:White 1988.

ledge get remembered. Memory is essential: without it there can be no l’eaming.
If we can theorise about how we remember, some useful implications for
teaching may arise. Gagné (1997) and later, Gunston§, White and others
suggested that we remember knowledge in the form of various types of memory
elements. White’s (1988) version is in Table 4.1: .

In his richly informative book Learning Science, White explores this modc?l
and its implications for teaching. White and Gunstone (1992) developed this

approach further.

7 Engage and connect

If I want to learn something, I focus my attention on it. Attention seems to me
to be necessary for learning. (The question of just how much attention in
needed is interesting. When asleep we learn how to cope with the edge of the
bed so as not to fall out; this suggests a minimum level of attention for learning.
If we were drunk, however, this level of attention may not be feasible!)

Why don’t students pay attention to teachers all the time? I think the answer
is because it is unnatural. Curiosity is a human characteristic. We inherit a
roving attention, which is adept at scanning the environment. Particular things
capture our attention naturally: movement, change in environment, unusual or
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surprising things, attractive and interesting things, and so on. The teacher is
part of the student’s environment and the teacher’s actions compete with many
other things, external and internal to the student, for the student’s attention
and engagement. It sometimes surprises me how much attention some teachers
manage to get given the competition!

Attention may not be enough. People obviously pay attention when driving
or riding a bike but they can rarely provide much detail about a completed
journey. If, say, you knew you were going to be asked how many traffic lights you
stopped at or whether there was a post box on a particular corner, you would
focus your attention on that particular issue. You would be ‘engaging’ with the
issue. In the cognitive domain (which includes much of school science) for
anything more than superficial learning to occur, engagement is necessary.

It was observed earlier in this chapter that learning is widely regarded as a
process of constructing. New knowledge is sometimes said to be constructed by
synthesising current experiences and current knowledge. I don’t think this is
quite right, since it looks like mixing apples and pears. I prefer to think of the
new knowledge as emerging from thinking about current experiences and about
current knowledge, with the thinking itself influenced by current knowledge.
include conscious and non-conscious thoughts in this. If this all seems rather
abstract, hold on to the central point: learning arises from making constructions
between the present and the past. We learn all the time. We're always making
meaning of the present in terms of what we know — is it familiar, or is it novel?
It is in our biology to do this.

8 The dffective domain

Mental activity is sometimes described in terms of knowledge, feelings and
emotions. The first of these is the ‘cognitive domain’ and the other two consti-
tute the ‘affective domain’. Educational research and classroom teaching have
both tended to focus attention on cognition. But there are those who argue that
the affective domain cannot be ignored. ‘Affect’, a person’s emotional and
intentional state, is a gatekeeper to cognition. A familiar example is motivation
— a person’s will or intention to act or think.

We can explore this now. You're reading this text: do you sense any influences,
acting on you right now, competing with each other to determine what your
mind dwells on next? I am aware of several current influences: I want to finish
this chapter, I am thinking rationally about what I'm writing and I would like
another mug of tea! Are children’s thoughts in the classroom all that different?
In the vividly titled paper, ‘Cognition doesn’t matter if you're scared, depressed
or bored’, Guy Claxton (1989) describes a set of pupil ‘stances’ which determine
not only the ‘amount’ of learning that takes place but also the direction or
domain in which it takes place. Claxton’s labels are deliberately evocative: swot,
thinker, boffin, socialite, dreamer, rebel and sinker. This classification is not
based on any empirical data; nonetheless the stances have some ‘chalk-face’
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appeal and they lend support to the argument that ‘attitude’ and ‘motivation’
are key elements in determining learning.

The idea that people have different intelligences in different fields such as
maths, art, personal interaction, sport and so on has been around for several
years (e.g. Gardner 1993b). Schools have focused on cognitive intelligence,
however, rather than other fields. As the view has grown that the affect strongly
influences cognition, there have been calls for greater attention to be given to
emotional intelligence, motivation and student self-image. There is ‘an incon-
trovertible link between how pupils perceive themselves as learners and their
subsequent capacity to achieve’ (Broadfoot 1998). In one study described by
Salmon (1995), some children were asked to attempt some school-type tasks.
After doing some of the tasks the children were asked to pretend that they were
‘boffins’, or high flyers. The standard they achieved while pretending was
markedly higher! A strong influence on students’ self-image is the expectations
that the teacher holds for them. This conclusion is supported in many studies,
one of which led to it becoming known as the ‘Pygmalion effect’.

9 Is that it?

No, for two reasons: (i) this chapter contains my selection of significant
theoretical views on learning and other people may have made other selections
or may view mine differently; (ii) this is a rapidly developing field and new ideas
are currently emerging. As Edelman puts it:

We are at the beginning of a neuroscientific revolution. At its end, we shall
know how the mind works, what governs our nature, and how we know the
world. Indeed, what is now going on in neuroscience may be looked at as a
prelude to the largest possible scientific revolution, one with inevitable and
important social consequences.

(Edelman 1992)

Children’s ideas in science

One of the main themes of this chapter so far is that a person’s current know-
ledge and ideas strongly influence what they will learn. When applied to science
teaching, this prompts the following questions: do children have any ideas in
science and if so, what are they like?

As shown in Figure 4.4, in an investigation of their understanding of the
word plant, children were asked: Would you say any of these pictures are of
plants? (Osborne and Freyberg 1985: 6).

This response from a 9-year-old is not atypical: ‘Grass is a plant; a seed is a
plant — well it'll grow into a plant. Definitely not a carrot — it’s a vegetable. And
not an oak tree; it’s a small tree then it’s a big tree, not a plant.” A response like
this indicates that the child has definite ideas about the scientific topic (classi-
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Carrot Grass

QOak Tree Seed

Figure 4.4 ‘Would you say that this is a plant?’
Source: Osborne and Freyberg 1985. :

fication, in this case) and further, that these ideas are not the same as the
scientific community’s views.

Another study reported by Osborne and Freyberg used cards like those shown
in Figure 4.5 to investigate children’s views about light. Conceming card (a)
students were asked: ‘Does the candle make light? What happens to the light?”
Where it was relevant the children were then asked: ‘How far does the light
from the candle go?

Following the last question, four students said: ‘One metre at the most’;
‘About one foot’; ‘Just stays there and lights up’; ‘Stays there.” Two of these
responses came from 10-year-olds and two from 15-year-olds. The 15-year-olds
had studied light as a science topic and they could define terms like refraction
and reflection reasonably well.

Commonadlity of alternative ideas

In the course of a major survey in England, Northern Ireland and Wales® the
Assessment of Performance Unit asked 15-year-olds of all attainment
backgrounds the following question (see Figure 4.6): ‘When the plunger of this
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Figure 4.5 ‘Does the candle make light?
Source: Osborne and Freyberg 1985.

syringe

water in
barrel of
syringe

Figure 4.6 Diagnostic question: syringe.
Source: Holding et al. 1990.
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syringe is pulled up, water goes into the barrel of the syringe. What makes the
water go into the syringe? Explain as fully as you can.’

Here is a sample of students’ written responses (including original spellings,
emphases, etc.), reported in Holding et al. (1990: 42):

e The water goes up into the syringe because of two reasons: (1) atmospheric
pressure pushing down on the water; (2) the suction and less atmospheric
pressure inside the syringe.

e The sucktion of the handle and the vaccum caused makes the water travel
up the syringe.

e Air pressure on the surface of the water forces the liquid in to the barrel of
the syringe.

e As the syringe is drawn up it creates a vacume thus somthing has to fill the
vaccume. The watter is therefore sucked in.

Again, these responses show different views from those held in the scientific
community but this time there is evidence of a clear, coherent alternative idea,
namely that suction is an active causative agency.

Commonality between some of the alternative views held by students about
science has been revealed regularly in research carried out by the Children’s
Learning in Science (CLIS) team at Leeds University (see, e.g., Brook et al.
1984). The team found, for example, that:

many children use ‘heat’ and ‘temperature’ synonymously;

the sensation of coldness is due to transfer of ‘cold’ towards the body;
particles swell: this explains pressure change and expansion;

the word ‘mixture’ is often used for ‘compound’;

‘food’ for plants is anything taken in from the outside, e.g. water, minerals,
air.

Some of these more commonly occurring ideas will be familiar to teachers. But
sometimes the ideas seem so disconnected from the teacher’s that their origins
appear to be a complete mystery: ‘They focus on things I would never dream of
looking at!” said an experienced teacher about children’s practical work.

Useful summaries of research into children’s ideas can be found in Driver
et al., (1985, 1994) and Osborne and Freyberg (1985). The journal School Science
Review is another good source.

Student teachers’ ideas in science

In the national curriculum of England and Wales, science is a very broad
subject. It contains strands of astronomy, biology, chemistry, earth science and
physics. In contrast with this the typical degrees held by science teachers and
student teachers are narrow. I have yet to meet a student teacher who has been
justifiably confident in all strands of the key stage 3 science curriculum (for most
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11-14 year olds). Many experienced science teachers have gaps in their
curriculum knowledge. Knowing about the gaps is half the battle. From 1999
newly qualified science teachers in Britain are required by the Department for
Education to have found and filled their gaps at key stage 3 during their teach-
ing courses. Responsibility for this falls in large measure on the student teachers
themselves, because of the short time spent in university or college and because
of the teaching commitments of staff in schools.

One way of identifying gaps that has been used successfully by student teachers
is to use the diagnostic questions described in the previous section. These were
devised for researching children’s ideas but they are also handy for probing
adults’ understanding of science at this level. Here are some for you to try.

1 See Figure 4.7.
A ball is thrown up into the air. As it travels up, what do you think happens
to: its speed? Its acceleration? The force on it?

3 When water boils in a pan or kettle, big bubbles appear. What do you think
is in the bubbles? (a) air; (b) nothing; (c) water vapour; (d) a mixture of
hydrogen and oxygen gases?

A Battery is connected up to a torch bulb as shown in the diagram:
The bulb is glowing.
Bulb

Battery V\\/
ires

In the way you think about it, the electric current in the wires is best described
by which diagram?

® -

—

—
—— -

There will be no electric The electric current will
curent in the wire attached be in a direction toward
to the base of the battery. the bulb in both wires.

© ©

The direction of the electric
current will be as shown.The current will be as shown.The
current will be less in the current will be the same in
‘return’ wire. both wires.

The direction of the electric

Figure 4.7 Diagnostic question about electric current.
Source: Osborne and Freyberg 1985.






