Public Awareness Of Science
How Can Recent Research Influence Primary Classroom Practice?

Dr. Susan M. Stecklmayer
The Australian National University
Cenberra, Auvstralie
(Sue. Stocklmaverinanu, edi.gu)

Absiract

Why do we teach science” The public understanding and awareness of science, and their
relation to formal education, are atiracting increasing atention internationally as the
genetal public becomes more sware of important and contentious scientific
developments asuch as genetically medified crganisms, In this paper, world trends in
public awareness initiatives are examined, especially their significance for primary
science education. The "big picture” of science education is the centeal topic - s our
education appropriate, how should we change what we currently do, where are we all
going? How cen the Asia-Pacific region better adapt ite science education to its needs

literacy are described. together wirth some cutcomes from recent imvestigations in
Australia and elsewhere.
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Public Awareness OF Science
How Can Recent Research Influence Primary Classroom Practice?

The communication of scignce to primary students lays a foundation for lifelong attitudes
and aspirations, Primary school iz the point ot which seeds can be sown, for nurturing
throughout high school and beyond, or the point at which problems can be created which
never go away. It is relevant, therefore, (o lock at what is happening in progreas toward
public awareness, or, as it has usuelly been called, public understanding, for we now have
a Tair idea of the Llcelv results in adulthoed of arimary experiences in scignce,

For some time now, the public understending of soience - ar, if you prefer, scientific
literacy — has been & declared geal of many nations, According to the Roval Society af
Londeon, o scientificelly educeted public i: desiroble becavse that sitvation benefits:
rational prosperity (for example, by giving & better trained waorkforce) economic
pecformance (for example, by having beneficial eMects on innovation): public policy (for
example, by legding to better informted public decisions); personal decisions (for example,
over the use of wobecco, choice of dizt, by wn individual); everyday lite (for example,
vhderstanding what goes on arouzd us); the understanding of risk and uncerteinty (for
example, in relation te noclear power generation and waste disposal)l; conlemporacy
thought and culture (for example, science is pereeived as & rich asea of human inquiry and
discovery) (see! [mwin and Wynne 1996, p.30

A commonly held view 11 many countries s that greater public education entails better
understendings by the public of the kev comcepts that science has produced, of the
methods of enquiry used in scignce, and of the social processes by means of which science
takces plece (Millar 1996).

These are clearly leudable goals. Nevertheless, the public understanding moverment, which
kegan in Eurepe in the 1960s. has net achieved these goals, and is wery far from their
redlisation, Why?

Ler us take a brief look at some vecent public staraments made by policy makers in
Europe, the United States, and elsewhere. Why should we, here in Asie, focus on Europe
gnd the United States? It ig becoude the teends we see in world science education tend to
sraft there, with the rest of us adopting those idecs in the fullaess of time, This, it szema, is
the way we al! do it — and [ shall return to this point later in this paper.

First to the USA, where the National Science Foundation has besn very active in pursuing
the poals of “science for all Americans” first articnlated by President Clinton in 1993, The
practical outcomes have been that large funds have been given to science education. Yet
the situation in the TUSA is still crideal and educators continue w analvse, o ctiticise and
to Jook for waws fo be crzative in their efforts to improve clussroom teaching. The gualite
ol primary science in the USA is highly variable, often very problematic,

Mow to Europe, In 1999, the UNESCO Warld Conference on Science in Budapest ended
with a Declaration thet science should be pursued for knowledge and development, for
progress and for peace, The Framewovrk for Action which resulted from that conference
smessedl seience education and science communication as vital toals in pursuing these
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ends. Despite this, and subsequent key rmeetings in London. almaost nothing has happened
o the UMESCO front since 1999, Thers hes been plenty of chetetic byt no astion, In
Europe generally, however, the past year or two has seen & flumry of activity, particularly
with respect ta public invalvement in debete about issues such as genetically medified
[oods,

In England, matlers were brought to public attention with the publication of two
Government reports, In February 2000, the Brinsh House of Lords published the findings
af a Select Committee on Science and Societv. The repost begins by stating that *society’s
relatienship with science is in a critical phase®, citing recent developrments in
biotechrology and the BSE (mod cow disense) disaster as eroding public confidence and
creating public uncase. The Select Committes found that there was wide mistrust of
scientists, especially Government ones, and that this was “breeding a climate of deep
anxiety among scientists themselves' (p.l) This report was deeply eritical of the public
upderstanding mevement, dubbed “PUS™ which, it said, implied a top-down, arcoganl
view of the public. “PUS" has been widely criticised, in that it implies that people need
educating so as to reach some cndefined standard which, when atteined, confers
“understanding”. Wynne (1993) has termed this (e “daficit model” because it inevitably
constructs o public that is lacking in knowlodge,

The second rzport, commissioned by the House of Commons, investigated the goals and
the present staie of science cducation. In summary, this report found thet science
education was irelevant, boring and unnecessarily difficult,

Where, then, are we soing wrong? What should be the goals of science education,
particularly at primary level? Sjaberg (2002, p.4) raises a series of guestions about science
and technology education. He asks whether we should Tavour early specialisation,
identification and recruiiment of the more able, or have a comprehensive system lor all.
Should one maximise sudenis’ individual freedom to choose? How should ene support
life-long education end develop adult education and on-the-job training? These questions
relate 1o what should be taught, 1o whom, and when, Sjaberg concludes by seving: “One
will need 1o look beyond the education system end involve different stakeholders, There is
a need for context specific reforms with a multi-dimensional approach and long-term
implemnentation (p, 5.7

We beligve that, for the edult memberd of the public (who are, after all, the final product
of primary educetion) the issue comes down to cne of ownership, This cwnership is
impeded by problems of access. There is little doubt that, when the eccasion dermands,
ardinary ‘unsciestific’ people cow became very axpert, very knowledgeable, very much in
eommand of the science, With respect to public understanding, there have been many
authers who hove examined in detail caze studies of public crises in which those
concernad became 'experts” on the issue at hand. In their book Misunderstanding Science?
The public reconsiriction af soience and technalogy, Irwin and Wynne (1996) recount a
number of instances in which this kas ecourred, For example, the hill sheep-farmers in the
Lake Dhstrict, when faced with radioactive conteminetion follewing Chernobyl, "enrered
the scientific arena... redrew its boundaries, and, operating with ditferent presuppozitions
and inference rules, also redrew ity logical structures”™ (p.2 1) For the osdingry person,
however, becoming an expert is extroordinasily difficeln, Accessing scientific knowledge
is too herd, people's beckground in science does not equip them (or the task, and the
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lopuage of science presents & bareier that is very hard to surmount. In other words, their
schonl sctence 15 of no help to them, Thev have the facts — the content — but no skills to
interpret and transier this knowledee,

The problem, we believe, in using coztent knowledge a5 the criterion of public literacy-
and, by extension, the focus of science teaching - is that it, by definition, produces the
“delicil model”® deseribed by Wynne (19933 The Select Committee of the House ol Lords
shpres this concern, A recurring theme in the Repaot is questioning the value of the phrase
“publie understanding’, which the Report interprets to mesn ‘the understanding of

= 1

scientific matters by non-caperts”, Bryent {1995} has defined it in more detail;

The peblic understanding of scienee is the comprehension of scientific facts, ideas
pnd pelicies, combined with ¢ Xnowlsdpe of the impact such [acts, wdeas and
policies have an the peraonal, social end cconomic well-being of the community.

[ am aure you would agraz that these are, in the main, the explicit or implicic goals of mest
soience svllnbases worldwide. Are they the right ones?

he connotations el knowledge und comprehenston of facts have been explicitly stated by
the Select Cominittee a8 problematic:

[t is argued that the words imply 2 condescending assumption that any dilTiculties in
the relationship between science and sociery are due entirelv to ignoranes and
misunderstanding on the part of the public; and thal, with enough public-
understanding gctivity, the public can be brought to greater knowledge, whercupon
all will be well, This approach[27] is felt by many of our witnesges o be inadeguate;
the British Counei! went so far gs to call it ‘outmoded pnd patentially disastrous’ {p
L4007,

Ler us consider the imaiications of this public unders:anding idea. It implies thar there is.
“out there”, a set of vnderstandings which we should all have. What are they? How do
trev relate to what we teach? There has been a number of survevs, dating from the | 9803,
which have set out to discover the anawer, These survevs (g, Durant, Evans and Thomas,
1989 have quizzed the sublic on their knowledze of a ranpe of facts deawn Trom
universally taught topics at a tairly clementary level, The tests have shown that many of
te public do not koow that the earth goes round the aun, thar common salt is sodivin
chleride, that antbiotics will not kill viruses, [s this knowledge important? s thers some
body of knowledge we all showld share? Who decides whae it should be? Iz i vour school
syligbus, or mine?

Crver the past few vears, Australia’s Natione! Centre for Public Awareness of Science hes
haen conducting workshops for practising scientisis of all disciplines and from many
different conateics of origin including the UK, USA, Australia, New Zealand and many
covuncries of Asia, The subject of tese worlkishops s effective communication with the
public. The workshop facilitators have found thar it is 4 common view amongst scicntists,
particelarly elder ones, that responsihility rests with the public to learn more science.
[ndeed, one scientist expressed the view that it was the dun of the public to learm maore
acience, given the benelits they obiwined from it. A small part of these workshops hos
therefors involved & consideration of the issues of understanding, literacy and awareness.
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Part af a very well-established survey {Durant. Evans and Thomas, 1985) has been used to
provoke discussion.

Tre scientists are given a section of the questionnzire wnd wsked w0 complete it before
making comments, To date glmost 200 scientisis have taken part, from disciplines
including physics, chemistry, environmental, agricultural and medical sciences Although
this research is atill in progress. oreliminary resulis indicate that, en many knewledge-
based questions, the scientists are unsure of their answers or are deeply critical of the
questions. Mot one of the scientists felt campletely confident of their answers o every
gquestion and many admirted frankly to ignarance of several questions outside theis
discipline, There was na guestion on which all the scientists were correct (Rennie anc
Stocklmayer, 2003

Sipnificantly, these findings indicase thar, when outside their own discipline, scientists
eflen are just as ignorent s the penersl {presumahly lavd public, Given this, we might ask:
Docs lnck of scizatific knowledge reaily matter? The scientists themselves pre desply
divided on this izssue. Some are “shocked” at the pualic's ignotance but meny recognise, in
their own inahility o be certein of feir answers, that the public cannot be expected to
relain facts that are not useful,

It should net come 28 a surprise that these scienbists did et kaow all the answers, When
you consider the normal pattern of o seientist’s education, progress 1o about ge 1% will
have the same broad base as vou or I Aflee this, they may specizlise in cenain scizmilis
disciplings in upper high schoal, Let ue say that biclogy is the chosen field. Physics, thex,
takes o sack seat except in the limiled overlap between the disciplines, Progression
through undergraduate and posigradusie degrees further marginalises phvsics wntil, et the
end af the zaining of these scizntists, they are expert in an gver-narrowing lield of
binlogy. On the ather hand, their shysics cducation s highly limited and their general
screnee kzowledge no wider then yours or mize.

Are they, then, lacking in scientific literncy” T suggest that they are not — that their lack at
knowledge of physics is not important, What they have is @ very grear degree of comfort
with science, ity processes and its ideas. its wmethods and its history. They are liwerate in the
best possiale way — a way that facilitetes further explorution, 4 broad “feel™ for science
and an undarstanding of how a find cnd use scientific infarmation.

The community's relationship with science has become incressingly important, as new
scienes-haszd wechnologies requeive more public comment and involvemsnt, In Austrelia, a
Working Groun report to the Priume Minisier's Science, Engineering and Innovation
Counsil, peinted cut that "it is vially tmoortan: that the community iz able to relate
soience ta everydoy life and (o this way appreciate how science Improves our ecanomic,
social and cultural well-being (p. 107 1o Austealia this is frequently linked to "rore
effective’ ar “beller™ science education. s it really this simple”

As capleined in Reonie and Stecklmawer (2003), qualitetive findings from severel case
studies suggest that peblic understanding is actually a nighly sophisticated matier, Thesc
mare detailed studies revaal the extent to which people individually restructure and
recontextzalise seientific infonmation into a knowledge which is useful for them (Layten,
Jenkins, Macgili, & Davey, 1993, Turmey, 1998). They support Wynne's {1893} eriticism
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thar the mator research techniques in the public understandmg of science have been
developed withour identifving and exarining the assumptions upoen which peaple build
theit knowledpe, In reality. for most people, scientific facts end w take a back seat

Two issues are significant for adults (Renmiz and Stockimayer, 2003 ), First, it is essential
that we recognise the individuainess of peaples thinking about and dealing with scientinic
knowledpe, and second, peaple con clinose whether or not to engage with and think about
sctenve. The first issue applies o everyene, adult o child The second, regretlably, 5 nuol
true for studests becguse they have to engage with science if they are to pass the required
examinations, They do not have a choice, Research has shown, howeaver, that for mosy
this engagement and knowledge [asis for a very short fime onge they leave school

Clenrly, increasing scientific literooy i more than just bringing science gnd technology (o
people s attention of teaching them more scignce conlent, it TequiTes INCTeasing IWErEnEss
of what science and technology are about and willingness to engage with them. When
edults do engage with science, o geod deal of mente] work is vsvally involved before i
becomes useable by them. As Jenking (19%3) points our, “mast lay people Tnd
conventional seientific knowladae of lictle or no use o8 a basis for actien in their social
conlext uniess it i§ reworked, restructured and recontexalised {p, 603 )"

Are these findings aboul adulis related to primary experiences? [ believe thet they are
directly and fundamentally connected, If we ore 1o teach science elfectively al mny level,
wi need (o recognise that what we are developing is st 2 wide knowledge of facis — for
these are spon forgotten, It is aof the ability 1o condeot experiments w confirm long-held
knowledge, Tor (hig is not creative, [1is to develop what we term the personal owardnesy
af science and rechnnlogy, In thiz way, the rewerking and recontexualising of knowledge
referred Lo by Jenking (19947 will be facilitated,

The persone] awareness of science and technology has been defined by Gilbert and
Stecklmayer (2001, p, 43) as " aet of attitudes, o predisposition towards science and
technelogy, which are based on beliels and feclings und which are manifest in & zeries of
skills and behaviooral intentions.” This definitton provides for long-term persoznal
development, in school and beyond, Gilbert and Stocklmayer argue thet development of
personal scientific attribotes depends upon the level of skills of accessing scientfic and
technological knowledge and the degree to which o sense of ownership of that knowledge
15 held by that person. In the longer term, and dependent upon subsequent experiences, the
parsom ¢an develon “an urderstanding of key id=as'products and how they came aboul, tn
an evaloadon of the status of scientific and fechnological knowledge and its sipaificance
for personal, social, and economic lifs"

Thus the delntion allews developiment through many levels of understanding and makes
no atempt to define what these levels, in tenms of scientific knowledge, might be. It
carties with it an expectation thar awareness will be enhanced through ownership and
aceess, through personal experience and exploretion, rether than by diductic transmissicn-
stvle tenching of the traditional kind, It implies thar no “progeess’ can be made excep
through personal meaning-making. @ view which i% consistenl with majer versions af
constructivisl learning theory. [l provides for ooulticultural approaches to science
education,
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This definition nlso provides for messuring chunge in how penple think about science
along o continyum of atiimsdes and ekills, raher than & one-dimensional, conieni-based,
‘right or wrong® essessment. 1t has led to the Model for Personal Awarencss of Sgence
and Techeology described i Stockimayer and Gilbert (2002). The spplication of this
model may extend to any interaction whick people have with the worlds of science wind
technology and their many communication modes.

This model proposes an jterasive process of leaning, Applving it directly o prictary
experiences, let us consider that a lessen, or sequence of lessons, ts designad to teach a
“rarpel” aren of science. (Figure 1), A student imeracis during these lessons — but lhe
student does not imeract directly with the target science. Rather, the stodent intecacts with
the experivhces the teacher has provided They may be texibaok based, they may e
hands-on experimentation, they may be shown i7 vided or on the world wide web.
Whatever the eaperience, constructivism states that 1e student brings to bear what thev
elready know, We have termed this their Pervonal Awareness of Science and Technuligy
at this bime (PAST1),

PAST1  r
TARGET
NS
PAST2  |ewos
Eamge
i LL Ll
PAST3 I==

Fizure |. A Moedel for the Pevsoniel Awareness of Science and Technology (Stocklmaver
and Ciilbert, 2002,

The studen: understands the interaction in terms of personal meaning-reeking, which s
enhanced by the qualizy of the rearindings (Barsnlou, ) that the experience evokes. [T the
remindings ~ the mental links to the woild of the stadonl - Gre strong, then the Sleraction
will have megning and links to tiie target may be made. The resoll is a new level of
awareneas, PAST 1 The connechion with the desired target may, however, be quite
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tenuous At the time of the interaction. A [urther experience related to the same targer will
be inforimed by & new, stronger set of remindings which will, in their fum, incrense the
connection (o the targer. This itetative process cen oceur indefinitely,

The model places all the emphasis upon the experiencey - that i, the quality of the lessons
- mince thew are the wav in which the student encounters the underlving science, Good
design of such experiences is critical - and good design implies facilitating interaction and
niderstanding | Stocklmaver and Gilhers, 20021, The challenge for teachers (s to provide
those contextunl experiences, to provide for the link with the 'target’ to be clearly
delineated and to encourage further interaction, It is not a simple process and engagement
ia the kew to its success,

How might this process go wreong? First, it conld be that the lesson i 100 absteact, too

remote from persomal experience, Usually, this means that the lesson is not tatlored to the
students but 18 too close to the target (Figure 2). In this case, the student cannot make the

connections, Remindings are few, and weak, and engagement is limited. The student may
rote-learn what is on offar, but will not understand. It will be quickly fargatten,

.| TARGET

- REMINDINGS

Weak

Figure 2, Problema when the experience {the activity or the presentation of the concept)
is not contextually relevant,

Second, it could be ihat the lesson 18 very close (o the world of the student = an activity
such as baking cakes, which iz a popular one in Australian primary science. In this case,
remindings will be strong and engagement will be high — but the target science may be
very obscure. The target in this case may be so far from the observable lesson that the
atutdents miss it altogether.
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TARGET

Figure 3. Problems when the experience (the activity 1 is analegically remote from the
target (the science underiving the activity),

Implicit in the model is iteration - the so-called spiral curriculum, to which we olten
pspire but seldom achieve, For lifeslong learning, these iterutive connections are essenfial
ter build a conceptunl framework which is so Frmly linked to the werld of the learner that
iransierabilin: becomes possible. Fects and theories on their own are not enough.

We have said elsewhere that there should be a review of the notion of there being
seientific facts that are reasonable for people to know (Rennie and Stockimayer, 20023,
What is needed is urgent debite and relorm. Should we concentrate on science 4§ process,
science as history, science as uncertainty? One of the problems of primary teaching of
science 15 the so-called lack of science teaining of primary teachers, They are
merensingly, being asked to load theit syllebus with scientific ideas, concepts, and facts.
We have conducted workshops with teachers in many countries and we know that they
feel very pressured by these demands, This pressure is felt alsa by secondary teachers, as
the ever-increasing knowledge base of science is pushed downwards into the schoal
systen,

[t must stop, becanse it 15 not schieving the desired outcomes. If seience education 1s
indecd irrelevant, difficull and boting, it moar change. i must become relevant, easier to
access, and interesting. Tt is in one sense simple to do this — we must tilor it what we
know i going to be nseful in the world bevond school and we must begin that spiral
learning in primary school, It must be gentle, enjoyeble, and creative, not flled with facts
and abstract idess, bur lapping into the cultural world of the learner.

Science al present does not take much account of enltural differences. 1t is as though we
are teaching it in 4 cultural vaceum. We do nel, most often, recognise that Western
science has its own culture, 1ts own ways of doing things which are often alien to our
atudents and which set up conceptual conflict in the autside waorld beyond the classroom.
Especially, we often regard selence educarional ideas ariginating in Europe and the [I5A
as models of progreas. This, too, must change.

Mone of this is new. It has been said many nmes by more knowledgeable educators than [
Yet we do not seem to hear. Those responsible for curricular reform impose ever-
increasing demands on primary teachers to lay complex and abstract foundations in areas
such as electromagnetism and atomic structure. This is unfeir and unnecessary. It has been
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showi, over and over, to be counterproductive. [t iz fraquently of little use to owr own
people in their ordinary lives

[ have writlen elsewhere (Rennie and Stocklmayer, 2003) that a vision for science
education con be summartsed v striving for, amongest other aimsa: people whe feel that
science and technology lie within (heir interest and their personal lives; people who pre
anle to access new knowledge 1 science and technalogy and understand howe it will affeet
their Tives, peoale who fecl comforable aboul processing relevant scientific information,
These aims will oot be achieved by primacy svllabuses which are overcrowded and
stressful for teachers, A strong stunce needs o be taken by primary decision-makers. We
must be firm, not least with those at secondary level wio dictate overal! policy, We dnow,
from research pnd from experience, what works with students in terms of effective
learning, We should heed the teachers who tell us that the system inhibits thiz learning,
and we should redesign the syllebus for a positive, interested body of students whe will
carry our deatres for on iznovative, coetive, scientilcally confident sociery into the future,
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Title ¢ Public Awareness OF Science: How Can Recent Research Influence
Primary Classroom Practice?

Presenter Prof, Dr Susan Mary Stocklmayer
Auserelian MNatienal Universicy

ate & 13 August 20613 (Wednesday), 11.30am — 12.30pm

Time

1. Content of the paper

1.1 The video presentation showed students’ misconceptions of the concept

Il

1.4

.5

1.6

of summer and wintes,

The participanis were given hands-on activities o understand why we
teach science and the questions that we muost consider:

s Why do we need a public thar is “scientifigallv aware™

¢ What do we mean by “selentifically aware™?

»  How might we achieve this goal?

The responses are:

For safety

We are part of the world arownd us and we need to understand
We are curious beings and like to find out

We need (o be responsible for the environment

To use evervday equipment

To improve standoerd of lving

To encourage informed decizion making

To understand naw issnes

Tao improve analvtical skills

W R & B O P W W

Teachers are interfaced between science and e public and therefore
need to build bridges to better underatand the public.

What determines public stotudes to science!

* A major influence: seience in school

Public activities/statéments of ‘visisle scientists’

Link between scientists and political, economic or cultural groups
Direct experiences as consumers, workers or medical patienis
Public controversies, which affect perceptions of the reliability
and purposes of science

Howeewer the media influences the public greatly and this may gbuse their
underatanding of science concepty.

A transmizsion model relays the message on science concept without a
feedback that can lead to the misunderstanding or wrong message on
seience concept, A better model should have a feedback.

The science educetion should address the public needs on science and the
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following questions mus: be [noked into;
Who are the public?

What do we want tham o know"”

What do the public want ta know?
Why dao they want to know?

Whar knowledge doea the public value?
Do scientists share 05 value”

The looelindigenous knowledge must blend inte scientific knowledge o
recagnize the commonspublic knowledge m science. Thus far, the
indigenouy kmowledge hes not received equivalent acknowledgement as
seientific knowledge,

High guality leaming helps to;

Dizcaver knowledse for yourself

Remember for & long time — mevbe forever

See how new knowledge fits in with old knowledge
Create new knowledge

Solve problems ueng this knowledge
Communicate the knowladee

Want o know more

Vision for science education - teaching science in a meaningful and
intereating way zan Jead to better understending of science consepis,

2. Discussion

.1

2.2

Dr. Azian T8 Abduifalk from the Regionnl Center for Seience end
Mathemartics asked whether the science cursiculum should be fsaue-
based cather thon content=hised,

Anzwer

We need content to teach issue but can work the other way around by using
content to relate the science tssves and this will make the learning more
imieresting,. However we nust also shink upon por syatem that arresses
exumingtion because pupils need to progress in the education systevs. It 15
geod o allew pupils 1o explere and wnderstand science by allowing
experimental leaming.

Frofl Kkediak from Mallopal Usdversity of Madaysia requesied comments on
the need of Science (KM} for research, cconomic growth and to manage
Ut livas,

Angwer

Wa have to ask what are the country’s goals, Why are we doing it Science 1s
needzd mosi for economic purposes and to satisfy the need of the people.
That iz where we should begin in constructing the science curriculum.
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