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1.2 New Perspectives on Language in Science

CLIVE SUTTON
University of Leicester, UK

PERSONAL LETTERS AND THE START OF SCIENTIFIC
PERSUASION

When Charles Darwin or Michacl Faraday wanted to share their ideas with
athers, they often reached for pen and paper Lo compose a Jetter to a trusted friend
ar collcague. Many of their letters have survived and we can learn a lot from them
that might make us better managers of learning and communicarion in the
classcoom. - _—

The earliest of Faraday's letters which we still have were wrilten in the summer
of 1812 when he was not quite 21 years old (Williams 1971). They show him
writing with great enthusiasm to his friend, Benjamin Abbott, about a wide
range of topics - the valuc of lctters, the cosl of sheet zinc, how lo use it o
make a *Voltaic pile’, and sundry thoughts and adventures which he had
experienced while running through London in heavy rain. They provide a vivid
picture of a young man actively sorting out ideas and thoroughly animated
about Humphry Davy's views on the new green pas, “chlorine’. That's what
Davy was calling it, cven though others had insisted on naming it ‘oxy-muriatic
acid’, LA O

Faraday used his letters to rehearse the arguments. Was the green gas truly a
simple clementary substance as Davy maintained? If so, then the more well-
known ‘steamy’ gas from salt which people called *smoking spirit of sall’ or ‘muri-
alic acid gas’ might be renamed *hydrogen chloride” and recognised as a compound
of two things only. The trouble was that 1o think and talk about it jr that way
would mean abandoning Lavoisier’s idea that all acids contain ‘oxy-gen’, the *acid-
begetter’. Abbott had expressed objections te the ‘chlorine as a simple element’
scheme of thoughl, and Faraday was keen to persuade him to think again. Herc
arc some cxtracts from his second altempt on 1 September 1812 (sec Williams
1971, p. 21}
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Dear Obliging Abbott,

.. Inmy fast [etter] if I remember righitly I gave as proofs that Chlorine gas contained
no Oxygen experiments in the following impori

. That the Carfonacenus part of & taper would not burn i it,

. That igrited Carbon . . . would not bum in it

- That whien Chlorine and Hydrogen were united no results
contaiming Oxygen dppeared’, - . .

<+« [M]y arguments in favour of the simplicity of Chloring will 6e dravrn from the
nature of the results when it . . . is made the supporter of combustion ond wien it i
combined with otficr bodies — I have already observed one of these combinglions. . . —
Ffydrogen when united to chlpring fonms a pure unmixed uniform Sinary compound
Muriatic acid and np water is produced . | .

Look_into your Lavaisier into your Nicholon fnto your Fourcroy and what
other cliemical books you have at the articl Oxy-Muriatic acid . . . they will tell you
that its Qxygen is Aeld by an affinity so weak_that the combustibles burn in it very
easify and compounds of the axygen . . . are obtoined as well |

You will think me bold dear A if I deny all these authonties but Qavy has
done so and [ willdoit too. .

In my next I will continue the subject Sut poritively will first Rear from you
so that I may Kpow my opponent of fis objections. . - -

Adieu, dear A6 . . .

Several features of this letter arc important for what 1 want to say about sharing new
ideas in science. First, there is a strong personal voice — we can lear Faraday ‘speak-
ing’. Second, he wants to share his viewpoint and to persuade his reader. Third, he
writes wilh conviction because he has a clear image in his mind's eye.

Personal involvement and use of a new point of vicw linked with a new way of
talking are key features of the initial stapes of seicntists” eommunication. Indeed
that is what the word itscll means in this context — conrmun-ication is an attempt
to create a commun-ity of thought, a shared understanding. Teachers engage in a
similar activity when they say “Try looking at it like this’ and the earners arc invited
to see something with new cycs. However, vicwpoint sharing is not just a matter off
passing over information. It involves winning agreement with a certain perspec-
tive, and winning attention to the points whieh matter from that perspective. When
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it is successful, the participants start to see the relevance of the evidence presented,
and they come to possess both the new way of seeing and the new way of talking.

Nowadays letters take their place alongside other informal kinds of communica-
lion in seicntifie researeh, including both eleetronie mail and face-to-face discus-
sion at scicntific meetings. Above these, we have another layer of more formal
writicn communication, whose form and [unction has received a lot of altention
recently from historians, as part of a general trend in the history of science to
reeognise that commmnieative activitics are central Lo the scientific endeavour.
Experiment is a part of scicnee, but so is wriling and talk. It is through publica-
tion and discussion in learned socicties that some of the new insights and claims
of individual researchers get transformed into what becomes accepted scientific
knowledge. So, writing for a journal or attending a congress is just as much a part
of scicnce as the more praclical aetivities of handling apparatus and conducting
experimenis A eurrent problem with school seience is that a heavy emphasis on
experiments is in danger of giving students an unbalanced picture of the range of
what a scientist does

Even in writing, awareness of the range is incomplete. Although the formal
article for a journal has often been held to embody Lhe ideals of how writing in
science ‘should’ be done, it is only one of the genres that scientists learn to use and
not the only way in which they write. For a fvuller undersianding, both teachers
and learners need to see those journal articles in relation to other kinds of writ-
ing, ranging from letters at one cnd to textbooks at the other.

HOW THE HUMAN VOICE OF THE SCIENTIST mES

Despite the impersonal image of scicntific writing, there is always a dctectable
personal voice when a seicntist writes about something for the first lime. When
William Harvey put forward the idea of a circulatory movement of blood, he wrote:
‘I began to think whether there might not be a motion, as it were, in a circle' (Har-
vey 1628, ch. 8). Nearer to our own time, James Watson and Francis Crick began
their most famous paper with the words: “We wish to proposc a structure for the
salt of deoxyribose nucleic acid (DNA). The structure has novel features which
arc of considerable biological interest’ (Watson & Crick 1953, p. 737).

The sense of personal identification with a new viewpoint is captured in the
expressions ‘I began to think’ and ‘we wish to proposc’. Even in more run-of-the-
mill reports of experiments, fellow scientists know that the authors arc making a
ciaim which they hope will be laken into the body of accepted fact, and that such
a contribution is deeply eonnected with the thoughts, hopes and fears of particular
human beings. What historians and literary scholars have been exploring recently
is how the personal eonneetion is graduatly diminished as the new science becomes
established scicnce, and the elaim becomes no longer just ‘So-and-so's idea’ or
interprelation, but something worthy to be called ‘So-and-so’s discovery’. We can
trace the [ading of personal attribution in a sequence of different kinds of writing
— journals first, then research reviews and then textbooks. The journal account
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might be cited in a review alongside other rescarchers’ claims, or mentioned in a
Handbook of Reeent Reseoreh in XXology which every researcher in that field will
read. If it continues to be sustained, it then gets into the textbooks, and in this
handing-on process phrases such as ‘it is thought that' or ‘So-and-s0 has sug-
gested that’ are gradually reduced or omitted. Ideas and claims which could be
identified with individuals are made into common property. They arc converted
into agreed public knowledge which merits the status of ‘fact’, ‘fact for the time
being’ or at lcast ‘best available theory, whieh to all intents and purposcs we can
assume to be correct’. (For a fuller account of (his process, see Sutton 1996.)

The texbook account as the end-product of this process of assimilation is
important because it expresses the consensus about what is importan( in a
particular branch of science. It also gives a powerful sense of ‘what we have found
out about how the world works’. Neverthcless, there are lasses from an educational
point of view because the definiteness of the language and its detachment from
human beings can give a very misleading impression of how the knowledge was
established.

WHAT ARE STUDENTS LEARNING - A DISTORTED CONCEPTION
OF SCIENCE?

The Influence of Textbook Knowledge

It might seem strange that the textbook account, which is the product of success-
ful science, can be a source of misunderstanding, but the problem is that learners
encounter this product without experiencing any of the uncertainty and controversy
that was involved in establishing it. ‘Chlorine is an element', says the textbook.
‘Air is a mixture of nitrogen and oxygen.’ Just like that. These useful summarics of
what we khow today are not wrong, but what they fail to cxplain is that most of
the words in those sentences werc human inventions, hotly debaled before they
becamc an accepted part of current science. The definiteness of the textbook
account sweeps away the memories of doubt or difficulty over what might be taken
as true, and makes ‘the facts’ appear to be complelely outside human agency, Itis
a5 if people had no part in shaping the facts or arguing what cxactly could bt
believed. Facts were not argued into cxistence; language was not involved in creat-
ing them; the scientists’ role was just to find them, ready-madec.

To put the problem another way, constant exposure to long-accepted accounts
of scientific knowledge can give too simple an idea of what a fact is. Learners pick
up a Baconian view of the scientist as a ‘fact gatherer’ (Driver, Leach, Scott &
Millar 1994), a person who goes out and makes discoveries by ‘seeing what hap-
pens’, rather than by any process of imaginative effort and painstaking construc-
tion. ‘Atoms are made of protons, ncutrons and electrons’, we say, bul without
claboration such an expression encourages an uncritical reification of these human
construcls and implies that they were simply ‘found’ rather than being suggested,
invented or built up as part of helpful systems of cxplanation. A statemcnt Tike
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‘every atom has a nucleus’ can be deeply misleading if the learner has never
understood one of the fuller formulations such as ‘Ernest Rutherford suggested
that every alom has a nucleus’.

The problcm for a teacher is to achieve an approprialc blend ol‘ deﬁnileness

séience-in-tlie-making; On the oth other hand, i 1t is also a source of pride that scucnuéls

hhaw-man—géw ctach knowledge from individuals. They have got beyond 'S0
and so's opinion' and obtained agreement about facts which are understood as
common to all — ‘universal’, *public’ ot ‘objective’ knowledge as it is called, even
by those who insist that it is consensual and more usefully thought of as ‘inter-
subjective’.

The Infhienee of Custom and Form

Slavish imitation of a detached style of wriling is another way in which Icarners
pick up a distorted view of science, and it is here that historians can help teachers
by showing the origins of scientific styles, and hiow they have changed since they
were first invented.

‘Detached” writing was first developed within the courtesics and customs of the
early scientific societies, as they considered how to keep argument and discussion
within managcable bounds. Shapin and Schaffer (1985) argue that, after the eivil
war in England, Robert Boyie and his cofounders of the Royal Socicty ercated
what was then a new way of presenting and sharing ideas, and they were able to
gain agreemcnt aboul ‘matters of faci’ which would stand in sharp contrasl to the
political and religious “enthusiasms’ which had been socially corrosive in previous
decadcs.

The nced to stop philosophical dispules getting out of control was not a purcly
academic problem at that time, but once of war and peace, imprisonment or mutual
tofcration. Leading thinkers of the day discussed whether toleration of different
views was compatible with the maintenanee of civic order. In such a climate, the
new approach to ‘matural philosophy' was a eontribution 1o an urgent sociual
problem. Its proponents developed what Shapin and Schaffer call a new "literary
technology” — a way of writing which separates the opinions of the writer from the
‘matters of fact’ being reported. It was accompanied by a *material technology’
{making usc of instrumcnts), so that investigators could withdraw their personal
voices from a part of the report by saying that "it is not we who say this but our
equipment’. In addition, there was u ‘social technology’ of conventions and man-
ners within the Socicty (e.g., in the courteous ‘receiving’ of a report of experi-
ments). Through these ways of working, it was understood that ‘data” could be
something separate from *speculations’, and a challenge to the reliability of
members’ equipment could be separated from a challenge to their honour. This
new approach was successful in recruiting people who were eager to collaborale in
the scarch for *natural knowlcdge® withoult fragmenting prematurely into factions.



32 Sution

Onc of Boyle’s first techniques was 1o list the distinguished witnesses who had
bcen present at an experiment, so that the reader mare readily would agree that
the phenomena must be as he said they were. Later, he developed a way of report-
ing the event in such detail that the reader became in effect a ‘virtual witness' and
the written account became acceptabte as its own authority. From that small begin-
ning, we can trace the idea of a separation of ‘methods’ from ‘results’ and “discus-
sion’. Journals did not immediately adopt a fixed format enshrining such divisions,
but respect for the different components nevertheless became an important part
of the ethic of all the socicties. Whatever part of a report might be questioned or
attacked, there is usually another part which can be respectlully accepted, or which
can lead somcone else into Murther experiments. The societies thus achicved a
method of placing ideas before other people in a way which assists semi-
collaborative inquiry. Bazerman (1988) shows that, in the first 150 ycars of the
Royal Society, articles in its Phifosephical Transactions kept changing in form, but
befief in the value of separating ‘findings’ from other paris of one’s writing grew
in strength. By the 20th century, some journal editors were insisting on a standard
format, and unfortunately this now features in the public imagination of ‘*how sci-
ence should be done’. In the biological sciences, it includes such headings as
Iniroduction, Previous Work, Methods, Results and Conelusions. Peter Medawar
{1974, p. 14} called it “a totally mistaken conceplion, even a Iravesty, ol (he nature
of scicntifie thought’, because it plosses over *why we were doing this' and ‘what
our initial hunches were’ and it pretends that thought (i.c., the discussion) is done
mainly after the factual results have been collecied. This criticism should be taken
seriously when educating cilizens at large aboul science, although the pretence has
been successful in the rescarch community.

Gradually, scicntific writers fonnd that various linguistic devices also could be
helpful in creating distance between investigators and their ‘findings’. One such
device is to use the passive voice, as in ‘“Measurements were laken’ rather than ']
measured’ and ‘Experiments were conducted’ rather thap ‘My colleague and I car-
ricd oul the experiments’. Another was to create new abstract nouns and noun
phrases such as in “The ray suffcred linear refraction’ rather than “The light bent
along a new line'. Hailiday and Martin (1993} argue that the constant develop-
ment of nouns and elaborated noun phrases is crucial (o science because it separates
the investigator from Nature. Generations of scientists have taken verbs like ‘flow-
ing’ and chosen the noun form as their abject of study (¢.g., ‘the rate of flow’ or
‘the eurrent’). In the 20th century, this nominalisation of language has intensified
in all academie discourse. Modern citizeps require some competence in reading
and understanding that kind of expression, but their science lessons should not be
dominated by it.

The preatest misunderstanding about writing occurred when science was profes-
sionalised in the 19th century, and recruits to science were trained Lo writc using
conventions that in part were derived from the above devices and traditions Schools
inherited rituals for writing in ‘objective’ ways and holding back acknowledge-
ment of one’s own thought and involvement. In chemistry, for example, gualita-
tive analysis was to be written up under the headings Test, Observation and
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Inference. “What I thought beforchand’ or "why 1 wanted to try this test’ were
absent. If such systems were ever justified in schools, it was in the limited context
of training technicians for the routines of laboratery life; but they still influence
ideas about what is permissible, even though guidance to students is now much
less rigid.

Custom and form in scientific writing should be understood, rather than fol-
lowed in a ritual manner. What's involved in writing a definition? Why are there so
many '-tion” words in science? What’s the best way to prescnt a formal report?
Students who address those questions with their teachers will be able to see the
distinclively scientific genres as forms of expression which have useful funetions
in a certain context, rather than as something fixed and arbitrary (which you must
use all the time, otherwise il’s not science).

WHAT ELSE ARE STUDENTS LEARNING - A DISTORTED VIEW OF
LANGUAGE?

Important as it is that learners should know how scienee works, it is even more
important that they should sense the multiple purposes of lJanguage and be able o
use it well in their own learning. A highly ‘factual” account, distanced (rom human
beings, is not a good model for them because it offers giving and receiving of
information as the main thing that we do with fanguage, as in the middle column
of Table 1. With a more balanced view of human language, it should be clear that
new learning involves employing Janguage firstly as an inferpretive tool, a means
of making sense of what we sce and what we think other people are saying (the
right-hand column of the Table 1}, Learners need to hear languape used in that
way — as expression of thought rather than as statement of disembodied fact.

Another idea about languape which is somelimes held by students and teachers
is that language in scicnce describes what we sce in experiments. This is misleading
because what anyone is able Lo sclect with their eyes depends on the mental
organisation which they already have. Strictly speaking, scienee is not about describ-
ing, but about re-describing. At points of change in scientific theory, the |
breakthrough usually involves a new way of talking. Someone staris to talk about
enzymes as fitting their substrates ‘like a lock and key’. Leaves are spoken of as
‘chemical factories’. Water in a high lake is referred to as a ‘store’ of ‘potential’
energy, and mountains take part in a ‘cycle’ of erosion and re-building. In other
words, scientists try oul a new talk pattern in which they select a new metaphor in
an attempt (o figure out what is happening. If the re-description is successful, they
arc able to elaborate it into a testable model. For pew lezmers, the teacher's job is
(o help them to get on the inside of the models and ways of talking which organise
the different branches of science — current-talk for circuits, ficld-talk for magnets,
and molecular bombardment-talk for unrderstanding air pressure. Each of these
bepan as a successful re-description of something which previously had defeated
human comprehension, In each case, the longuage is the theory {(sec the right hand
column of Table 1),
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Table 1: Differenecs between language as a system [or transmitting informarion and as an
interpreiative system

Characteristic Rale of language
A sysiem for transmitting An irterpretive sy stem for
informaricn making sense of expericnce

L. What the speaker or writer Deseribing, lelling, repotting  Persuading, suggesting,
appears to be doing exploring, figuring

2. Whal hearers or readers think  Receiving, noling, Making sense of the other

that they are doing accamulaling person’s intended meaning
3. How longuage is thought to  Clear transmission (tom The main process is aclive
work in learning leacher to learner is Nesded;  re-expression of ideas by the
Ihe Leacher's speech is learner; the learner's speech is
imporiant. impaortant.
4.  Howlanguageisthoughtto  Like Morse Code in a wire \¥hat the hearer consiructs

work in communication
gencrally

an approximate the speaker’s
intention, bul communication
is seldom complete. The
impartant part is how lo
decode Lhe Morse.

Il the message is clearly senl
and received, i1 will be an
accurale copy, unchanged.

5. What language seemsto do  Words cocrespond jn asimple  There is always more than one
vis 4 vis the world of Natnre  way (o (catures of the possible word. A choice of
external world, and generally  words highlighls cerlain
there is one correct word for  features for lurthey thought.
ane thing, For example, a mule could be
called a 'hybnd’, a *herbivore’
or Jast a ‘heast of burden'
aecording to conlext,

6.  Haw languageis thought lo  We find a fact. iabel 3L, and We chaase wards which
work in scicntific discovery reporl it to olhers Words influence how we see things
stand for things. For cxample, the scieniist
re<describes a 'Scollish glen'
asa ‘glaciated valley' and thus
attends ta previously
neglecled fealures.

Re-description is another word for change of metaphor and the traditional idea
that figurative language is the enemy ol good science is now in doubt, Many stud-
ics, summarised in Sutton (1992), show the centrality of figurative language in
scientific theorising and how it provides the starling points for new thought. A
phirasc such as ‘the orbit of the electron’, which began as a figure of speech,
somctimes gets treated as il it were a label for reality, while for other people it
remains much less literal and ne more than a working model; students need to get
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a sense Of the interpretive origins of such terms and to understand that & hurman
choice of fanguage was involved in shaping them. Mueh research on metaphors
and analogies in the science classroom has been about their use as teaching aids
(Treagust, Duit, Joslin & Lindauer 1992), but an equally urgent task is to help the
lcarners to appreciate the metaphors which already lie wirkin major scientific
theories.

Because the distinetion between the figurative and the literal is not sharp, we
cannot reliably separate out ‘seientific’ language for reparting observations
uncontaminated by theory. The hope for a clear division was strong in the 17th
century and has persisted since (Sutton 1994), but the demarcation is no longer
tenable because even the most elementary descriptions of what we see are shaped
partly by language. One continuous language works both as an instrument of
figurative interpretation and as a means of attempting to transmit (o others what
we think. Seience necds both aspects, and so does edueation.

Unfortunately, the deminant traditions of the classroom have given too much
prominence to one aspect, and learners quickly pick up what is allowable and
‘proper’ for seience. Lemke (1990) deseribes what students in some American high
schools take as the rules of the game, and traces the alienating eflccts of ‘the one
right way ta talk science’. He describes it as serious and dignified, verbally explicit,
full of detached universalised generalisations, and always about things rather than
about people. It also involves continually correcting the everyday word in order Lo
replace it by a technical term (not ‘bent’ but ‘refracted’; not ‘bounced’ but
‘reficcled"). Lemke suggests that this ‘sets up a pervasive and (alse opposition
between a world of objective, authoritative, impersonal, humorless scientific fact
and the ordinary, personal world of human uneertaintics, judgments, values and
intercsts’ (p. 120).

Such alienation should not be taken lightly, for however much a minority of
stydents are excited by seienee, there are many more for whon the ideas of science
become neither their own ideas nor a part of their everyday 1ools of thought. Those
studenis come to regard seience as just ‘information’ which belongs to speeialists,
and they react to it mainly with indifference, fear and disengagement. Can we avoid
the aver-use of the language forms which create this detachment of ‘knowledge’
from ‘pcaple'? The styles of journals and tex1books are important in science but
not appropriate as the dominant experience in school, where the re-working of
ideas requires much greater flexibility.

Certain cullural trends at this end of the 20th century have taken the question
of language and alienation from seience much further, Consider for example the
feminist critique of *man’ as the ‘interrogator of Nature' or the concerns of
environmentalists who point to the past mistakes ol an over-confident technocracy.
Writers on these topics are angry at those who. in the name of being scientific,
appear to ¢laim a privileged aceess to ‘how things really are’, They suggest that,
unless the conelusions of science can be presented better as a set of well-grounded
but stil! potentially fallible interprecarions, science might be rejected cven more
foreefully (Gough 1993).
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TOWARDS A POLICY ON LANGUAGE FOR LEARNING

The problems outlined in the previous sections cannot be solved by science teach-
ers alone, because they are entangled with general beliels about the status of sci-
ence in sociely and its elaims for independence from the wider culture. Thase beliefs
are changing, however, and teachers can contribute to a better publie
understanding by developing a school language policy to recover the human
voice and personal expression of thought. Some themes to include in such a
policy are suggested below.

The Learner’s Voice

Science teachers should guide students about the role of language in their own
lcarning. Learners should cxperience language as a medium for conversation about
idens, not just for receiving ‘the truth’. Students should re-wark scientific ideas
and practise using those ideas in arpument and discussion.

The Scientist's Voice

We should present the language of scientists in such a way that swudents arc
conscious of human authors. The thoughts behind a particular choice of words

should be cxplored, with the emphasis being on ‘what these people thought and -

why they thought it’, not just on “what we know”,

The Teacher’s Interpretive Voice

The tcacher should set an example in Lhe use of language for purposes other
than handing on information. When we rephrase an idea and express it in a
different way, we should draw attention to that process in order 1o show that
language is nof a fixed set of labels. Everyday expressions and technical terms
should be put together, and students should discuss how well each succeeds in
capturing a particular idea. Science tcachers already do this informally by
explaining, negotiating and joking with students to help them 1o wrestle with
new concepts, bult at the cost, in Lemke's terms, of breaking the assumed rules
of what is ‘proper’. Scicnce teaching is humanc at the informal lcvel, but much
less so in the formal structure of what people believe a science Iesson should
consist of. A language policy should auempt to make the formal aspects of les-
sons more consistent with the best practice of teachers in their spontancous
informal approaches.
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Science as Story

Onc way to bring out the voice of the learrer, the scientist and the teacher as
personal expressions of thought is to present the lesson as a critical discussion
of a scientific story {e.g., “in this cireuil, most scientists now think that. . .*). To
work in this way places the ideas in a (orm in which they are open to discussion
as well as to experimental test. Students are likely to explore the story and to
respond with a personal voice (e.g., ‘I think that what they mean is .. .").
Leamers then have an incentive to work on their own thoughts so that a dialoguc
can be achieved.

The word “story’ has many advantages in comparison with ‘fact’ or ‘truth’. It
involves lcarners and invites them to think ‘Is this rcasonable?” It corrects the idea
that science deals only in certainties and admits the students into a more genuine
discussion ol areas of doubt. At another level, it also gives a betler idea of science
by loosening the rigid division of fact rom theory.

Scicnce often is represented as uncontroversial, but this is true only of the
most stable scientific stories. I students arc to connect their seience with the
issugs of the day and learn the discipline of using evidence in structured argu-
ment, some less certain stories also should be included (c.g., the one about
whether the atmosphere is warming up or not). Gough (1993) argucs that such
topics involve a complex interaction of values and knowledpe, and also that
morc overtly fictional narratives might offer a good way to draw students’ minds
onlo the problem. To handle such work without letling il degenerate inlo fatu-
ous talk, 1eachers need a new range of class management skills in addition to
the conventional repertoire of practical work, demonstrations and question-
and-answer sessions, Teachers need the confidence to organisc debate and role
play and to coach students in how Lo write elearly for a varicty of audicnces.
Resources for such activities include Aetive Teoching and Lcarning in Scicnce
{Centre [or Science Education, ShefTicld Polylechnic 1992) and Science and
Technology in Socicty (Association for Scicnce Education 1986-1988). Texibooks
in the eonventional form are gradually being displaced by such materials. In
the British course called Saliers’ Advanced Chemistry, the leading book is
entitled Chemical Storylines.

CONCLUSION

The primary aim of this chapter has been to show that language in scicnee
evolves from personal reports in which investigalocs weestle with uncertainty,
and moves towards impersonal objectivised accounts of nature which lack the
human voice and arc alienating for some learners. From over-cxposure to such
accounls in science lessons, it is possible to pick up a distorted conecpt of sci-
ence and a very limiled idea of language as a system for transmitling unprob-
lematic information. Students who are limited by that cxperience arc likely to
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be less effective as lcarners and less skilled at connecting scientific understand-
ing with their own human concerns. Much of this is unnecessary because the
assumed ‘rules’ about how to 1alk and wrile about science are largely self-
imposed as a result of misundersiandings of whal science is. We can address
the whole cluster of problems by developing a school language policy that
emphasises the learner’s voice, the scientist's voice, the teacher’s personal voice,
and science as story. ,
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1.3 Cultural Aspects of Learning Science

WILLIAM W. COBERN
Western Michigan Unlversity, Kalomazoo, USA

GLEN 5. AIKENHEAD

University of Saskatchewan, Saxkatoon. Canada

Over the past {ew decades, perspectives on learning science have evolved (Aiken-
head 1996; Cobern 1991, 1996; Solomon 1994), Earlier psychological perspectives

_on the individual learner, such as Piaget, Ausubel and personal constructivism,

have expanded to encompass sociological perspectives that contextualise learning
in social settings, including social constructivism, science lor specific sccial
purposes, and situated cognilion (Goodnow 1990; Hennessy 1993). This chapter
addresses the next stage in the cvolution of our thinking on learning scicnce — an
anthropological perspective that contextualises lcarning in a cuwltural milicu,

Although psycholopical and sociological appreaches are useful in scicnee cduca-
tion, a more cncompassing perspective from cultural anthropotogy can provide
fresh insights into lmiliar problems associated with students learning science.
Despite sociologists’ appropriation of ideas from cultural anthropology, the lwe
disciplines of sociology and anthropology differ dramatically, even in their defini-
tions of such fundamental concepts as socicty, culture and cducation (Traweek
1992). For example, from a sociologist's point of view, teaching chemistry tends
to be seen as socialising students into a community of practitioncrs (chemists)
who express in their social interactions certain ‘vestigial values' and puzzle-
solving exemplars On the other hand, an anthropologist tends to view chemisiry
teaching as enculturation via a rite of passape into behaving according to cultural
norms and conventions — especially the way in which the group makes sense ol
the world — held by a community ol chemists with a sharcd past and lulure
(Hawkins & Pea 1987). Onc consequence of the disparity between sociology and
anthropology is the realisation that the anthropological perspective described in
this chapter represcnis a significant change in our thinking about students learn-
ing science. Unfortunaltely, terms such as ‘culture’ and ‘sociocuitural’ are found in
the science cducation literature without a definilion of what culture means in the
context. Because an invocation ol terms docs not clarify the process of learning
science, this chapter introduces appropriate terms from cultural anthropology 1o
conceptualise cultural aspects of learning.
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