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ABSTRACT

The significance of science museums/centres asngriaarning environments is being recognized psgively
while the research on their incorporation in thectesr education programmes still needs considefabls when referring
to the discourse on quality component in scieneeaiibn through non-formal resources. This quédiastudy explores
the experiences of pre-service teachers in a si@emeseum and in a science centre where they wonk#d some
pre-designed tasks. The tasks were context bagkdvare meant to stimulate their science procedks skeasoning and
reflective abilities. The data was collected durihg visits through observation, written respon§ief] notes, individual
and group interactions. Another set of data wakectdd as narratives after a gap of six monthatb dut the impressions
and reflections still persisting in the minds oé throspective teachers. The findings brought ftimthinsights into the
contribution of science centres and science museasmotent pedagogic and learning resources thrthaghexperience
based learning in an open and dynamic environnidre. diverse nature of exhibits stimulated the peofipe teachers’
thinking towards creative pedagogy. The findingwvehamplications at policy, planning and strategmatlevels to

incorporate these resources as integral comporfi¢née deacher education programmes.
KEYWORDS: Non-Formal Resources, Science Museums/Cerfeesk Based Facilitation
INTRODUCTION

If science deals with making sense of the enviramntnaeound us then those learning environmentsgratide
experience-based learning would need no evidensagport for their significance in the meaningfaining of science.
The world over concern for quality enhancementdiersce education is increasingly acquiring crititaportance along
with the felt need to widen its horizons from thernfial set up of classroom teaching to institutidike science
museums/centres, planetariums etc. that may baedeoed as the alternative non-formal resourcesiense education.
This concern stems from the need to promote pogaléon of science among students, enhance theégrest and
functional understanding of concepts in sciences ppresent paper argues for the need to ‘re-envisa@nce education
and science teaching learning resources to indlutieeir ambit not only the formal science classndout also the flexible
and open environment of the non-formal resourcescience education. The study attempts this exjborahrough
pre-designed contextualized tasks relating to thigksvby pre-service teachers to a science museuhaascience centre.
The researcher being a teacher educator in sciettempted to explore the possibilities with a grafppre-service

teachers in her science pedagogy course.
Background and Related Research

The role played by non-formal institutions in saerearning has been studied by a number of rese@.cThese

alternative resources in science education attemgiuild understanding of ideas in science andr ttethnological
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applications by providing a range of diverse andtirsensory experiences. Thereby, influencing theeysvin which
scientific knowledge gets constructed and alsoifgptb the development of scientific attitude amdegyners. Their role
may be more appropriately described as ‘providipgastunities to develop a positive relationshiphwdtience’. Schools,
many would acknowledge, have been somewhat suctéssteaching students science’. However, schdase been
much less successful in helping students to ‘dgveln ongoing relationship with science’. The extshdearning
resources such as science centres/museums catolalpr this situation. This puts them in a strgagition to carry out

the role of a ‘change agent'.

Many worldwide networks of science centres reviewtdlies on the impact of Science and Discoverytrésn
from across North America, Europe and Australasid. the 180 studies reviewed, 87% were concerned wit
learning/personal outcomes of which 54% focusedadence learning, 18% focused on attitudinal chaogmrds science,
14% on enjoyment and 7% on Science & Discovery K@sninfluencing career choice. Overall, the 180epspeviewed

showed that science and technology centres andumss@quaria and zoos have a positive effect inaber of areas.

The study done by John Falk &Mark Needham (3Gatused on the California Science Centre in Los éles}
and offered profound support for the value of sumdtitutions. It also reinforces themerging concept of free choice
learning These institutions can generate a sense of wpimderest, enthusiasm and motivation to learrg assult people
enjoy such visits. Interactive science exhibitsitaplay and experimentation that engages visitam which learning
occurs. Visits with friends offer opportunities fgroup learning in which discussion, experimentatamd one visitor

tutoring other are very common.

Though, a number of studies have focused on stsdieatrning at non-formal sites, the pedagogicattivef
science museum and science centres has not besmatesd widely. The research has shown that scligitd to science
museums and science centres are often conductedhanner that do not maximize the learning oppdiasnthey could
afford to (Faria & Chagas, 2012). There have beswn dtudies relating to teacher preparation at tkéee (Chin, 2004;
Chin & Tuan, 2000; Srivastava 2010). The researbbéarg a teacher educator in science pedagogy s@acef providing
task based facilitation to her pre-service teactarig their visits to a science centre and aneganuseum.

With this background the study posed the followiegearch questions

* In what ways the tasks provided stimulation to fire-service teachers for developing better conedptu

knowledge in science through their interaction veixmibits?

* Were the pre-service teachers facilitated and iatwhays towards pedagogic conceptualizations thrabhgir

task-initiated interactions?

* What could be the long term reflections on thetsisd science centre and science museum by theepvece

teachers?

Methodology

The purpose of this study is to develop an undedstg of the role of science centres and sciencseomas in
teacher preparation, not to test any predefinedtigsis. This research is emergent rather thaffiguesd, it has taken
place in a natural setting to capture the nuantésecactual experiences of the participating ifdlials The focus of this

research is on understanding participants peraeptad experiences when they visit a science ¢emiseum. To conduct
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this type of research a qualitative research deisigpest suited. The researcher had gone to thargny times prior to
taking up of this study. This enabled the researtbeknow the details about the institutions andréiy, to design
contextualized tasks (some of them exhibit spe@fgn). In the present study the context is verpdrtant, as many
researchers have pointed out that for studyingdleof museum in learning, the context of museshwuld be the prime

consideration.
The data was collected during and after the visit$ another set of data was collected six montis tife visits.

The study involved eighteen pre-service teachenmsying science pedagogy course in the Department of
Education, University of Delhi (India). They madede visits to the National Science Centre (Dedpgnding twenty one
hours in total and they made two visits to the dt@l Museum of Natural History (Delhi) spendingrteen hours in total.
The time given to the science centre was more aspaced to the science museum as the former had memg

interactive exhibits.
Tool

Assessing learning in Science Centres is diffi§ulicas1983, Lucas et.al.1986).Their unpredictaivle #ree
choice’ learning environment results in multipletaames from the visit. The ways to measure the &rpeand
unexpected outcomes must be sought to get a lgbistiure of what is learned and how. The need¢sqrve the context
of learning is critical to the reliability of theath. Therefore, the tasks designed by the reseaimmved a number of

pre-visits to the two institutions.
The Tasks

The tasks (ref. Appendix) were a mix of open-endedgective and exhibit specific. The participaiitad a
freedom to go beyond the tasks to exercise theatire thinking. The tasks were to be conductddditidual as well as

in groups.

The tasks presented situations from the exhitatsng the participants from operational and obgeyual levels

to reasoning, extrapolation and finally to refleas at societal levels,

The tasks were designed for two stages: i) durirdjimmmediately after the visits data collectiof.six months

after the visits.
FINDINGS AND DISCUSSIONS

All the 18 pre-service teachers expressed keery tthey wanted and that they would visit theseitingbns
again. Fourteen of them wanted to have fun in ttierfe Centre with their family /friends and 13 temhto give more
time to some interesting models and all 18 of tlempecially wanted to suggest National Science E4MNEC) visit to
their friends for improving their scientific knovdge. Perhaps, the technologically equipped intemadiature of majority

of the exhibits at NSC motivated the participants.

Most of the responses to the tasks 1, 2, 3 andcéitatl that the exhibits at the National Sciencat@eexcited
them, aroused their curiosity and engaged thenm imt@resting manner. A majority of them said tthet exhibits portray
science as a way of experimentation and hands-periexces clear their doubts about the content lgeay from books.

The exhibits related to human biology could helpnthto relate to contemporary situations and sdct&tacerns in an
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engaging manner.

The researcher observed that the participants yndiéttd working in groups. The peer interaction was
significantly high and lively. They were seen woridg about complexities of some models and som@erh not giving
much time to models which were not easily undeistop them while others took these as problem-sghaituations.

Here the peer interaction was helpful.

The tasks 5, 6 and 10 were attempted through etioes of historical perspectives in science, dveat

speculations through a time-line and with attenptgards building logical explanations.

The responses and discussions relating to tasks37¢tiowed the sensitizations of participants taosscientific

issues and environmental concerns.

The individual and group interactions of researchith the participants showed strong inclinatiorfstioe

participants towards gaining confidence in a betteterstanding and joyful teaching of science.

The data collection after six months brought fottle reflections and ponderings in a wider contaximne

excerpts:

[The memory of those visits flashes my experiemcéhée ‘fun science gallery’. My interactions thenmaze me
stilll Some of the concepts related to conservatibmomentum became clear to me in multiple waymgde | will be able

to explain them very well to my students]

[Every time | recall my visits | am reminded of alternative concept | was holding relating to thkative motion
on a straight versus curved path. | could clarify misconception by actually doing it. The levelexftitement | had by
doing it and the satisfaction of meaningful leagnitrives me today to how much | can enable my stisd® enhance their

learning]

[A lot of excitement bursts within me whenever inth of those visits. The institutions like NSC aNd#MNH
bridge the gap between the science in books anddieace around us. | remember studying a lot alptagma state’ in
my graduation. But when | saw it through my eyefgltl like kneeling down and thank NSC to make dsgible to see

what is quite a secret in industry or real life]

[The whole environment still arouses a wave ofgoyg excitement about science which | never felbteein my
life and which | now want to pass on to my studemtee tasks that we had with us during the vis#tsilitated us towards
a ‘meaningful interaction’ with the exhibits Thesesks have given us ideas about planning sucls ¥iitour students and

the follow up assessment]

[The first thing which | remember noticing was tR8C comes under the Ministry of Culture. Then,duht as
to why this institution is not under the Ministr{ 8cience and Technology. Now | feel, by visitifgstinstitution that there
is promotion of the ‘culture of science’ among thsitors. These institutions act as bridges betwberhistory of science

and the emerging new fields]
CONCLUSIONS
The study makes it evident that the institutioh® Iscience museums and science centres have digloten

provide stimulating and enjoyable environment foderstanding the science concepts and phenomeha neal spirit of
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science through hands-on activities and multi-sgngxperiences. The findings indicate that the g@signed tasks
activated the thinking in a creative manner and alded the participants in organizing their thasgbxtrapolate them to
pedagogical domain and they could reflect beyordtaisks too, as indicated by the narratives. Furtbee, the learning
experiences seem to contribute significantly towastkating a lasting passion for science as a istud® as a teacher
both.

There is a scope to further probe into the linkagetsveen the science pedagogy experiences in déissrobms
and those at the science centre/museum, so aetgtbten the various dimensions of science teasth@ration in the long
run. The study has implications at policy, plannargl strategization levels to incorporate such e&pee based learning

resources as integral component of the teachermtidagrogrammes as well as school science educatio
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APPENDIX
Field Tasks for Science Group

These tasks aim at arousing curiosity and deepenthimking, observation, speculation, interpretatand
discussion skills of the prospective teachers. déeartment has identified two science institutitotated in Delhi for
undertaking a visit with our prospective teachernse-lational Science Centre (NSC) and the Nationsédm of Natural
History (NMNH).Some educational tasks have beengdesl that are to be done by the prospective teaah&ing the

visits. A brief introduction of the institutionsedtified and the related tasks are presented ifotlwaving section.
Institution 1: National Science Centre (NSC), Delhi

The National Science Centre, Delhi is a unit of tdational Council of Science Museums, which is an
autonomous body under the Ministry of Culture of thovernment of India. Inaugurated on the 9th oiday 1992, it
works for popularizing science among the generalipwat large & students in particular; achievirgesitific literacy in
the country; inculcating Scientific Awareness & &tific Temper; and preserving the Science & Tetdmp Heritage of

the country.

We shall undertake a visit to the NSC for threesd@gven hour each day), around 21 hours. Duriagitits, we
shall focus on deeper engagements with the vamahibits displayed in the seven galleries. Our etttideachers are

required to focus on the following tasks:

* Onthe very entrance of the NSC, you will find ad@ic Tap”, and a "Magical Piandhteract with them, observe
them carefully and try to speculate about and find the scientific reasoning behind the 'magitbw does

science help in demystifying such “magical experie®s”?

e There is a display in the NSC on the "Energy Baliserve it carefully and identify the types of gatiavelled
by the balls; try to measure the time taken by @mg of the ball to reach down; find out at whichmof the path

do the balls gain momentum. Explain your observatio

 The"Fun Science Gallery' has 137 interactive hands-on exhibits which atnpr@senting school science in a

simple and enjoyable way.
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Form your groups of three (total six groups), egabup will select five different exhibits (no commexhibits
among the groups)nteract with these exhibits you have chosen andudss how these exhibits explain the

scientific principles in an enjoyable manner

On the fourth floor of the NSCthere is d'Human Biology Gallery" depicting 118 exhibits that aim to portray
the human body in all its aspects: anatomical, ohygical, biochemical, structural, functional asgstemic.
Interact with the exhibits and reflect on how theslped you in revisiting your ideas about the st and
function of the human body and creating a ratiomatlerstanding of the same. Also reflect on howhdcekhibits
educate the visitors on immunity, diseases andlneéling and make them aware of the new condeptslogy

like genetic engineering and biotechnology

There is a gallery ofiOur Science & Technology Heritage". The 106 exhibits in this gallery depict how, in
course of time, side by side with art and literafuhere grew up on Indian soil, a very rich sdfieneind
technological culture. What interested you moghin gallery and whyTritically reflect on India's contribution
to fields such as space science, nuclear scienuf®rniation technology, communication, biotechnology

agriculture and food production, energy, transptida etc. in present times

The 48 exhibits in théPre-Historic Life Gallery" present a recreation of the world that none ofaxelseen as
it existed millions of year ago and many of ite Ifbrms have become extinct by now. Selected 36ispef life
forms of different ages such as Trilobites, Gianbrpions, early birds, gigantic dinosaurs and othéng
creatures up to Neanderthal man have been presenthd gallery with artificially created matchiragnbience
and special light and sound effed®n the basis of your observations and interpretatié the exhibits on origin

of life and evolution, explain your understandirimpat the concepts

The "Information Revolution Gallery " presents the story of evolution of Communicafi@echnology over past
6000 years in Indialaking examples from the exhibits in this gallerplain the relation between technology and

culture. Also depict the major landmarks in thédimation revolution' on a time-scale devised by.yo

The "Emerging Technologies Gallery" portrays the revolutionary changes that are talplare in nine
representative technologies—Space Technology, nmtion and Communication Technology, Medical and
Biotechnology, Oceanography and Earth SciencesicAigural Technology, Material Science, Nanotecloggi
Energy and Transportation TechnoloBgsed on your observations of the exhibits expgiain different branches
of science converge in developing certain techriekdsubstantiate your answer with specific examglt®own as

exhibits.

On the ground floor, there is a gallery by the nakvater: The Elixir of Life " which has 34 interactive exhibits.
The exhibits give an account of the water availaislethe planet Earth, and even in living beingse Ghllery
especially tries to sensitize people about the seisaf waterDo interact with the exhibits and critically comnien
on their effectiveness in sensitizing people nigithe centre about the various crucial issuestesldo water as a

resource

Institution 2: The National Museum of Natural History, Delhi

The National Museum of Natural History(NMNH) is ational level institution devoted to environmental
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education. Set up during the Silver Jubilee celidoma of India's Independence | 1972, the NMNH vgotdx portray and
promote awareness on the Natural Heritage of theitop It houses a number of theme-based exhibitjateries,
experiential resource centers such as DiscoverynRéativity Room, and educational and out-reachvé@s, with the
intention to depict the country's rich natural teege and natural history (geology, botany and zpgloAmong other
things, the NMNH also works to develop Environmémducation resource materials (such as audio-/&ida, low-cost
teaching aids, school loan kits, etc.) to promategirenmental education and undertake research (olagieal and

collection based).

The NMNH, New Delhi has three exhibit galleriesimady: "Introduction of Natural History", "Nature¢etwork:
Ecology" and "Conservation". We shall undertakesi to the NMNH for two days, around 14 hours. IDgrour visit, we
shall take a general tour of the whole centre dvadl sisit all the three galleries of the NMNH asball focus on deeper
engagements with the various exhibits displayethenthree galleries. Our student-teachers are negjud focus on the

following tasks:

» The Gallery 1 orfIintroduction to Natural History” portrays the origin and evolution of life and mets the
variety and diversity of the flora and fauna of @auntry. The presentation follows a section onl@ianary
sequences and evidences to establish how the paesgtife evolvedBased on your observation of this gallery,
explain how the exhibits as resources (a) influeyaer earlier notions about the Evolution of Lifada(b) can

supplement the classroom teaching.

e The Gallery 2 orfNature's Network: Ecology” presents an overview of major ecosystems of thédwmle of
plants as primary producers, food chains, food weksomposition, bio-geochemical cycles, Interiefethip
among plants, animals and human beings, preseneml@yonmental problems such as pollution, defartést,
depletion of wildlife etc. and the reasons (ethieasthetic, economic and scientific) for conséovatCritically
comment o the effectiveness of the exhibits ofgtillery in sensitizing the visiting teachers arddents about

various environmental problems.

e The Gallery 3 orfConservation” deals with many aspect of conservation of natBesed on your observations
of this gallery, make a list of the endangered mseof the various fauna and flora of the countngd aritically
comment on the various conservation projects itgtlain the country for saving such species fronineton.

Also comment on what interested you most in tHisrgaand why.

« The NMNH also has a rich collection bfiuseum-specimens' There is a good collection of butterflies and
several herpetological specime@bserve these specimens and try to find out hotv specimen collections are

made. Also comment on the pedagogic utility ofelspecimens.
Reflective Questions (Taken up after Six Months)

e Based on your visits, observations and experieatebe NSC/ NMNH, what fascinated / appealed to fwu

most and why?

* How can visits to institutions like NSC or NMNH pejou enhance your understanding about the condepts

science and the pedagogy of science to facilitate gtudents' understanding about the conceptience?
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