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Abstract

This paper builds on the experience of primary wachers with Questacon, Anstralin's
Mational Science and Technology Centre, linking primary activities to the science
gyllobus and building on current educational thecries such as constructivism and
Multiple Intelligences. This paper not only discusses new ways of presenting science Hul
underlings important fundamental principles of primary science cducation. The
application of constructivis: thearies 0 the classroom has ineressingly emphasised the
importance of relevant contexts in teaching science, Such conexis arg not always caswv
to identily end often the roining end experience of primary feachers iz not helpful in
gnakling them to link science te the everyday, This paper, in demonstrating that
soience can be taught with ordinary fomiliar things, also makes atrong links to
gxparience, Applications of other theories sech as ideas of conceptual change are
incorporated.
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Enjoving The Science Classroom
Using Inderactive Materials To Enhance Understanding

Introduction - Primary Sclence And Interactive Science Centres

What can the experience of an inleroctive spience centre offer peimary educarors? To
answer this question, 1 would lixe to go back o the genesis of Questacon, Auvstralia’s
Mational Szicnece and Technelogy Centre. 1t all started in an old primary school
building in Cazberm, Australia’s nasional capital, where | had been teaching physics [or
may vears at the Acstralion Matonal University. | had hed the opportunity to visis the
San Frencisco Expleralerium, the earliest truly interactive cenire, and was inspired to
start something similar on a small scale in my home town, This became Questacon, the

the naxt barenty vears of o life,

Fram this perl-time gnd hombie beginning, we now have a Jarge and succesaful centre
in Conbers which, Like all seience centres, =ngages the public in exciting science which
they actually pay o experience! luteractive science cenfres have proved to be a very
acpular and powertul way of promoting science to the public all around the world,
They differ from other methods of uezesting the public in scienge in that they employ
exltibita with which the visitora can experiment, The term ‘hands on' 18 commonly
used 1o describe the interactive devices that are wsed by visitors, ‘Interictive’, however,
i beiler because the activity in which the visitors are engaged does not always call for
the use ot the hands. Frequently one or mere of the other senses are brought into nse,
which [ shall explain later i this paper.

People in 2]l welks of life love experimenting; they enjoy trving things out for
themselves  From early childhood sveryons becomes involved in experimenting with
ais or har environment, 15 is o craving that is iznute inall of us but is often suppressed,
The intersetlve scletce centre promolas an atmosphere that is conducive to messing
about, [t strips awey inhibitzons and peopls become enchanted with what they are
decng. Teachers have intuitively recopnised this from earliest times. Soon after
Cuestecon apenad it drew an unexpected reaction thom visiting teachers, Chalk and talk
had long been ke main technigue of rteaching seience. and this led to much
disenchantment among siudents over the years, In the early 1980's, changez began (o
appear in e Australian schorl system and thers were many w2achers who were secking
new and betrer ways of seaching their stodents science, The opportunities effered by
Cuestacon were quickly seized. Teachers ohserved that the interactives were simple and
could easily be duplicated and introduced into theit curriculum. It was not long before
Cuestacon wis running in-service programs te provide teachers with ideas that would
readily anslate inte the classroom. This sort of inservice has also kappened in Anerica
and Great Britain and indeed cight across Asia

Az a follow-on to these in-service programs, 1 have more recently been invalved in
outreach with workshops to teachers in Australia and elsewhere, 11 is the svnthesis of
this experience which [ would Like to present here.

The critical issue for soccessfal experiences with science 1s relevance, I students

cannol see where the science fits into their lives, they will quickly rote-learn for the
imimediate reguirements of the school curdculum, then just as guickly, forget! The key
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to relevance is engagement, preferably hands-on, focused experiences which have been
termed “hands-on, minds-on” in science centre circley.
Cusstacon hag a motto;

If | hear, 1 forget

10T see, 1 remember

If'1 do, [ understand.

This is, of course, the essence of constructivism, The theorv of constructivism has
stressed that each learner brings their own persenal world to the leamning experience,
mnterpreting the information secording to their own conceptual framework and
reworking that framework accordingly, Traditional teaching methods, however, have
taken little eceeunt of this, instead vsing didactic, chalk-and talk teaching and texthook
Based learning. It should net be surprizing that students cannot relete to this kind of
EC'IE]'.II:I:.

Theories of learning and the interactive experience

There are many theories of leaming which influence students’ success in seience, [
heve mentioned constructivism and the importance of relevance and of making
connections, Conceptugl change *h::-;unr which dictates that new information should be
intelligihla, plausible and fFuitful, is very important, 1§ stodents cannot understand the
language of scisnce — if whet is said s not intslligible - the lesson will be rejected, 1T
the theory or idea does not make sense to them — it seems implausible — then other
previously held concepts will be preferred end retained.  The last condition is the most
impartant one of all. I ideas and concepls are not fruitful for the learner, they will he
forgotten unmediately ".’n..j.f indeed, would any sensibie pi:r'u:-n choose 1o rementhber
something which is essentially useless to them?

In the end, however, the use of simple equipment, elements of humour and of surprise,
the telling of stories and 4 clear scientific “message™ are the keva to successful activity
in the primary classroom. It is especially suecessiul if vour students can go home and
show the idea to their family, This may be demonstirated with one simple illustration,
The experiment known as the “Clucking cop™ is one which can be used to demonstrate
highlv complex, or very simple, sclence using the same piece of apparatus, This
experiment appears in many primary activity books, often as a "fun” experiment with
little explanation, The apparatus you require is & palystyrene cup, a matchstick and a
length of string. The string is suspended in the centre of the cup using a matchstick as

shown in the diagram. TR

Cup

¥
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The string is then tugged using a small damp cloth, and the result is & “clucking™ noise,

[t this experiment is presented in this completed form, students ere unlikely to make
much connection to the underlyving scienee, It becomes a way of making & nolse, but
not much else, To make the scientific point, a step needs to be put izt the experiment
before the cup is constructed.  This step s 0 tug on the string alone, Students will
guickly appreciate that the sound produced i=s almost inaudible. What (s required o
amplify the sound is, in scientific terms, & “resonance box™ — and this is what the cup
provides, Parallels may then be driwn with musical instruments — vieling and cellos for
western sludeants, musical frogs for Thai students, and so on, The level of explanation
can be elementary or highty complex, but the apparais & exrremely simple.

A further advantage of simple apparatus like the cup i that it engbles the teacher 1o tap
into the wvarious forms of tntellipence of the students in the group, The Theory of
Multiple Intelligences (Gerdner, 1983 underping the idea thar appealing o differant
senses ond skills esheonces learning, The theory challenges the traditional view of
intelligence as a single capacity that can be measured by [0} tests. Rather, Gardner
proposed that there are ot least seven (now probably eight or even nine) different
aspects of the wav in which peaple prefer to learn. The theory has particular
applicatian in seience and [would like w© enlerge on it hers,

The intelligences he described, and the kinds of students who prefer them, sre as
follows:

l. Linguistic Intelligence is the capacity 10 use words effectively, either orally
(& g, politicien, teecher, storvteller, actor) or in writing (e.g.poet, guthor,
journalist). Students with [inguistic intelligence have the ahility w mantoulare
language, its mesning, its sounds and #s structure, They wre pood at oral and
written explanations and are skilled in debating. Students who enjoy ploving
with words, mgeke puns, easilv learn other languages, or are good raconieurs,
exhibit linguistic imtelligence.  Science alse uses language to explein, to
describe and o repor:. In this way most science teachers exploit linguistic skills
of srudents,

2. Logical-Mathematica! fnteliigence 15 the capacity to use numbers (e.g., corecrs
such a8 a mathematician, statistician, or accountinty and ro reason logically
(e.g., compulér programmer).  Students with logical-mathematical intelligence
have the wbility to understand abstract mathamatical concepis, to perceive
patterns and to understand formulaic relationships. They may also become
philosophers! Teechers may detect these skills as ohsessions with sperting
slelistics or as logicel, analysical minds, ALl science teachers exploit these skills
in students: it 18 difficull to ke wp a scientific career without some measure af
logical-mathematical intelligence..

3, Spaviad fmreliigence enables the perception and memory of visual and spatial
information. People with these sikills may become engineery, gnides, architects
or artists. IF studenis preler grophs or pictures to words, or if they ‘doodle” all
over their notes, they may have highly developed spatial intelligence. They mayv
be highly censcious of colour end form, end are able mentally to manipulate
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images in space, Scienee teachers whe use models, pictures, diagrems and
graphs are exploiting this intelligence in their students,

4, Bodify-Kinesthetlc Infelligence uses the ability to employ the whole body in
expressing ideas, People with this intelligenee are pood with their hends — they
may become dancers, athletes, artists, mechanics or surgeons. Such people have
excellent coordination and often enjoy meking things, They are revealed as the
ones who would rather make a model than write o report, und who constantly
fiddle witz paper planes and other creative distractions, Science reachers wha
encouragze consteuctive prajects and who uge drame 12 their classroom are
exploiting this intellizence.

300 Musleal fatgllegrence Tovours those who like wo interprer the waorld through sound,
Students in this group are sensitive 1o rthythims and tones. They may become
composers or mugicians, but they mey alse simply prefer 1o learn through
repafitiva rhivthns as azn aid 1o memary,

f. Interpersonad Intelllgence is 1the capacity o tap into the feelings of others, Such
people respond Lo feeial expressions and voice, gnd they work eifectively wirk
others. They enjoy group work, Smdents with lughly developad interpersonal
skills may become teachers, politicians, or salespeople, Science wachers who
promate diseassion and cooperative group work are exploitizg this intelligence.

T Inrrapersonal Iniellipence deseribas the ability fo undersiand onesell and one's
place 12 the warlc, It helps in sensible personal decision-making. Studenss wihao
koow thelr own steepgihs and weaknesses, whe are F.L‘l.F-H'i.'-’.EIF-liII:d gnd have high
self-esteem zre exhikiting intrapersonal imelligence. Teachess who promole self-
organisanon and regulation, who encourege independent leamers and foser seli-
esteem are exploiting and develeping this intelligence

B, Mansralistic invelligence ollows people to relate to the enviromment.  They may
become farmers or biclogical scientists, or simply enjoy gardening, They are
highly conscious of their sureoundings. Science teachers who selate the science o
an environmental context are tepping into this oelligence,

Gardner is still gathering evidence for ather suggested intelligences, but Tor now we
shall focus on these eight. Let us return naw Lo the simple clucking cup activite, First,
it invalves following [nstructicnz in a legical order, and uzdersianding the treorstical
differences batween the asimple sizing and ke string-plus-cup activity, These utilise the
first two imielligences, Next, it uses model meking, hands on ectivity end the ahilizy to
meke musie. Next, @iy carvied oub in p grocp, with all of the srendant enjovment of
large numbers of peeple making an unspeokoble noise. In effect, this very simple
aotivity uses almost all of the intelligences described oy Gardner. How much more
enjoyable, more satisfying and moere creative s this than reading aboul resonancs in a
text hook!

The simple science theme and the problems of textbooks

Teaching scisnce vhowld be enjoyveble for primary weachers, not a threat. The key to this
is that it should be regarded as a shared joumey with the stedenis, rather than having the
teacher becoming stressed, us so many el us they do, becanse they “don't know all the
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answers”, [ tell primary reachers taat there are hundeeds of highly paid scisntiss in aur
country that da nat know (e angwers — thew call them researchers! Primary fexthooks
are oflen net helptil in this regard. Many contain incerrect science, cavried over (rom
previous generations of texthooks. One such exmmple is the candle in o glass jar,
Burning over water that rises up the jar when the candle goes out. This is aften
explained, incorrectly, as being due to the oxygen being used up. In fact it is a simple
pressure-temperature-volume change, but there are still many primary texts which
perpetuate this error.  Cither texts carry complex explanations, or inadeguate
explanations, leaving teachers feeling inedecuete too, The most commen feeling |
encounter from primary tegchers is uncertaingy and fear of weacking science.

[n Australia, two stutes in particulor have focused on primary seience and produced
somme excellent materials,  Ewven these, however, expase the primury syvllabus as
overcrowded and Tull of cnreelistic expectations of teachers. One such program is a
whaole-schaol course, which incerporzies many hands-on aclivities graded to match the
age of the students. Major themes are suggested for each age-group, such os "Scledce iz
putterns” for very voung students, or “Science is energy” for clder ones, The frouble
with this progron, innovietive as it 5, 15 that the themes it develops are not intuilively
obwvious to students or 1o teachers. The activities are, therefore, huphazasd end varelated
in the minds of many teackers and often totally unrelated in the minds of students. This
problem underlings the fact that science s a constructed discipline, whose relevance
needs o be understood by students and seachers glike, I i 15 nat relevant, and not
easily transferabie o the warld outside the classroom, we should not be teaching it at
primary level. Cur students should always be able te go home and explain what they
learned and why.

Teachers of primary science need 10 be confident of what they teach, and o vndersiand
it, This means being honest with them, not giving a superficial and unsatisfactory
sxplonation for phenomena they are recuired Lo teach but not, on the other hand,
provicing a wexthook atyle explanation which is too difficalt for their likely science
background., We have, in my view, developed primary seience to the point where it is
often wery unfair and unsealistic tor primary teachers. The solution is not just to each
them more science when undergoing weacher training, bur 1o gccepr that students and
teachers alike at this fevel need to keep it sunple, to explore and to create. One way 1o
be creative and exciting is through science theatre,

Science as theatre

Whatever science centre vou visis, anvwhere in the world, vou will find that it presents
seience demonstration shows, vsually tbout bwenty minuies long and covering &
multitude of sublects.  Their origins go back a long woy—preobably beek 1o lhe
Beginnings of the Royel [nstitutien w the wrn of the cighteenth century, The Roval
Institution, under the leadership of people 1ike Benjamin Thompson, {Count Rumford),
Humphry Davy and Micheel Foraday introduced a policy of ofTering popular lectures o
the public.

Faraday®s lectures are legendary, He believed in making science accessible and
entertaining for the lay public. Hemaintained that, in order to hold an sudience's
attention, It was necessary 1o “strew the lecture path with roses’. Tt is & philosophy that is
not espoused v very many scientists even today, but out of these lectures developed the
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famous Christmas Lectures that are broadeast o millions of television viewers all
around the world.

Science demonstrations in the classroom should strive for similer engagement The all-
toa familiar picture of demensirations using unfumiliar, alies apparatus 1o show an
obscure scientific principle i3 one which should pever be seen in any classroom, let
alone a primary one, Ar Questacon, the science show using simple, homely apparetas
has blossomed inta a full-scale travelling proevam — the Shell Questacon Seience Cincus,
which visits rural Australia with shows end exhibits for schools and the general public.
The essence of these shows is simplicity, but the science is shsolutely sound. The
peesenters are excellent young scientists wha are role models and who graduate at the
enid of o year with & Graduate Diploma in Science Communication from the Ausiralizn
Mational University, 1 atzess the simplicity of their demonstrotions because we have
found over the years that they have immense appeal for teachers, Indeed, it s not
urcomma: fer young students to tell ws that they have seen a demonstration before -
and we realise thar their teacher, having seen it previcusly, hes incorporated it into their
progrem, Good, simple demonstrations are appealing and infectious!

There are many differens forms af seiznce shows and demonstrations with applications
to the primery clossroom, These include the one-off, quick demonstration 1o make a
pactienlar point or a seeies of demenstrations arcund o theme. For example, the clucking
cup might be accompaniad by the musical siraw o demonsiate sound in open pipes,
and by drums to demonstrate vibrations of ¢ diaphragm,  These thematic shows ere the
masl common tvpe in science centres. Lsually there is ¢ locse but coherent story line
and the emphasis 5 on real world celevance,

In recent years a number af longer presentations have been produced, centred on
particular scieatific personalities, Typical of these are Questacon’s presencations on
Archimedes, Galileo, and Alan Turing. They add:ess the science but they place 1t in the
comiexl of histery, with blographical detuils of the person concerned, There is rich
scope here for primary science, using the various skills of young writers, actors and
hudding scientists to explain some concepts in drama end mine. Scientific history can
be hrought to life in a rich and entertzining way. An outstanding example of such
thaatre has been a very suceessful series of short plays delivered to children in Londons
Moleenle Thearre, Eoch play revolved around & particular scientific topic coupled with
a scenasio wimed to capture the children's attention and imagination. One exemple,
concerned with vorinus sspects of mechanics ltke levers and friction, wos sbout a
robbery during which two thisves attempred to steal a heavy sate, They enlisted the
help of the audience in much the same way as in English pantomime, The actors
explained wha: they intended to do end how they intended to do it, and then asked the
audience to comment en masse for their opinion.  Last, the medium of puppetry is
particularly successful with younger sudiences. The technique hos been used in many
different parts of the world.

Where do | get the apparatus?

One of the problems facing teachers is the issue of scientific apparatus with which 0
provide hands-an activitizs. Moest exthocks, even primary activity books, intimidare
primary reachers with complex equipment which takes time and much effert to szt up.
Primary ieachers quite simply do not have the time, Omnce again, the science centre
experience has something o offer which frees up reachers to choose a simpler path.
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Here are some rules for science equipment for pnmary schools, denved from exhibin

deaigmn.

1

Kogp If simple. Don't try o make apparatus compliceted, 1f it is oo
complicated T mey well not echieve its pim. Ruiker than making the concepis
clearer, they bacoing confused in the mind of the chserver, PFunhermore, the
maere compliceted the apparatus the mors difficulr it is 10 keep 11 working
Things which don’t work disceurage students. How olten have you heard
people demonstrating science experiments preface their demonsation with 1
ftope this works! This should never be on issue, Simpliosty reduces the amount
of mainienance required wad the pmount of skill 1o aperatz the equipment,

Avald labour intensive apparats. These are the experiments that require you
to replenish materials reguiacly. This is one of the main problems with chemical
sxperiments in which reagents necd 10 be regulacly replaced. Il an experiment
i5 in the cupboacd mere than :t is In the classroom. scrap it One problem may
b that it rakes too much time o szt up, or o clean up. Questacon onee had an
exhibit that used dried peay fo enable visisors to discover something nbout large

scrapped-never ta return. The vounger visitors preferred to thraw the peas all
over the floar rather than use them for the purpase for which they were
intended. The designer belisved it was a great exhibit but had not allowed for
human natuge.

Make (r asteactive,  There is a large bady of opinion that believes thut
interpetve exhibiions showvid be colowrtil as 1t makes them far more enticing.
Thig spplics no .ess to classroom experiments,  Cheerful, friendly apparatos is
enficing. Black boxes — ielers, wives, inlimidating equipment - are ilienating.

Do mot tise doo opany worids In the frvirecfons. Only a very fow studens will
spend time reading long winded insirietions and explanations. [z perticular,
these is reuch evidence o show that boys will rush in without 106 much reading
and get wared, oflen with poor reaults, Strueture the activity so that that cannoet
happen,

Adopt the broomstick phifasopde. 17 yeu can construct an activity out of
somzthing hike a Sroosnstick, then if it 25 108t or if 5t breaks it 15 casy and cheap
to replace. More to the poinl, it (s net necessary 10 have a skilled technician to
carey oul the placement. OF course, thus i5 & difficult goal o schieve, bor 3
does provide a benclhunark for success in classroom science.  Furthermore, it
will e a fumilizr object 1o al! vour students, They will feel comfortable and at
R with it

Yes, but what do they learn?

A guestion | oftes hear is, "Yes, inleractive science cenlres are all very exciting bul
what do people actually lears in o scionce centre!” This may be extended o the often
heoard refrnin about schoal scienee - o isn’t sepposed o be fun! Let me stale here that i
15 wrong 1o [afer that interactive seience centres ore enpaged in teaching scicatifc facts
o their visnors, They are nod, and were never inteadead 1o be all abowt learning new
facts. In this connection, primey classrooms shouid not be sbout leaming facts sither,

133



Frank Opperheuner, once said, ‘Nobody flunks a science centre!” Science centres are
designed 1o exgitg, (o engoge, womspire.. Mot 1o encourpgs fatlure, What excellent
madils for formal educetion!

[ helieve that there is absolutely noething like exploring - messing shout with science
and | know g let of scientists who agree with me. Until recently, however, very little
research inte what people tale pway from science centres had been carvied oul. Now
we know that people are indeed changed by their visis and that informal learning does,
in fact, take place. The lessons are there for formal educators, if they choose 10 heed
thew,

[ wm convineed that inferactive seience centres muat be both relevant and entertaining.
Linitppily there are those who believe thut, by maxing the science entertaining, it is
somehow devalued. [t 25 @ strange view: no one would object to the notios af heing
entertained by an epera, o play or 4 concert, bul sciznce is somchow seen by many as
different from other aspecis of our culture, The last word in this matter should zo fa o
science Noble Laureate. Konrad Blech, the hiockenust, said in his acceptance specch
that “seienee 1s the ulumate in entertainment’,

So. finally, whal i imy message for primary teachers? 308 to sive for engagemaene, for
positive attitedes, for interast and for relevance. The more vadety you can introdoce,
the more succesafl vou will be. At our Centre. we plways say that there ane three roles
Sor successlul communication of science, The fiest is “Keep il simple’. The second is
“fecp it simple™ And the third 15 “Keep it simple’™
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