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Why science eludes us

Sciencan its generalsenseshouldmeanthe innatehumanability of investigatingthe ervirons
andturningthe knowledgeto onesadwantageby sometinkeringandfixing. It hasbeenwith us
sincethe proverbialwheel,andyet sciencecontinuego puzzleusasa modernenigma.This s
perhapsdueto the hiatusthathasarisenbetweenthe practicingscientistor technicianandthe
generalpublic. Thesituationis similar to thatfor language Dueto specifichistoricalreasons,
differentstrataof thecommunityacquiredinguistic skills in varyingdegrees Formallanguage,
in the senseof readingandwriting, wasabandoned@ompletelyby mary strata. Thissituationis
expectedo berectifiedby the universaleducationabystem.The sameis warrantedn the case
of science In otherwords,we areproposingthatsciencen its basicspirit shouldbetreatedas
importantlyasliteragy.

The universal educationsystemhas beenunder scrutiry by mary educationistsas well
as social actwvists for a long time, a greattransformationhaving beeninitiated by Madame
MontessoriHerewe shallfocuson a particularapproacho primaryeducationgcalled“learner
centered’methodof instruction. This is why thetitle of this articlerefersto “learningmethod-
ology”, not“teachingmethodology”.Let mepresenterea particularsciencdeachingprogram
thathastouchedthe scientificsensibilitiesof mary scientistsandhasexcited mary education-
ists. It will not be possibleto tracethe full history or give duecreditsto personalities Rather
thefocusis the programitself andits mary desirableaspects.

If areadersinterestis kindledby thisarticle,thebestthing for him or herto dois to actually
visit the Teacherdraining programof HSTPusuallyheldfor a few weeksduringthe summer
After all, doingis the bestway of knowing; this is the philosophywe are pursuing,aswill be
apparentn whatfollows.

Science teaching with a difference

Eklavya is an NGO in Madhya Pradeshworking for educationand sciencepopularisation
througha variety of methods.Spreadover thirteendistrictsof M.P., they run “Chakmak” Sci-



enceClubsfor children,local watertable managemengfforts, emplgymentgeneratiorbased
on traditional skills and so on. | will focus hereon one of their endeaours, the so called
Hoshangaba&cienceTeachingProgram(HSTP).It is a sciencecurriculumwith a difference
andit is boundto interesteveryoneinterestedn scienceor education.

At theoutset HSTPhasto bedistinguishedrom mary efforts for “sciencepopularisation”,
in the sensehatit is a programactuallyrunningasschoolcurriculum. Whereasactvities like
sciencdairsanddo-it-yourselfactivity bookshave their own value,aregularschoolcurriculum
hasvery differentimperatvesandpresentgotally new challengesin the following | will first
presentthe basicphilosophy aspectwf its implementation,and then several featureswhich
make the whole programa rathercomprehense package.l do not belongto Eklavya sothe
views presentedare my own, formed over someyearsof topical participationas a resource
person.

Guided discovery

To beggin with, HSTP purportsto put curiosity backat the core of science.The classrooms
at oncethe actiity room. The laboratoryis not separatedrom instruction. All conceptsare
broughtout by performingexperiments.Studentdormulatethe outcomeof the experimentsn
their own language.The procesf sciencen practicehasalmostalwaysinvolved a practical
exploration of the phenomenagften out of sheercuriosity Thusthe programre-establishes
the link of knowledgedirectly to onesown explorations. And this to my mind is the most
outstandingngredientof this program.

But curiousexplorationshave no explicit goal to directthem. They arelengthyandtime
consuming Sothis canclearlynotbea stratgy for masseducation.Thecompromisas to have
whatis called"guideddiscovery”. As suchthe HSTPtext booksare more correctly science
workbooks. They begin with a brief preambleto the subject. Thenthey proceedto give step
by stepinstructionsfor activity, punctuatedy questiongo be discussedy the groupandby
tablesfor recordingobsenrations.

Who performsthe experiment? Demonstratiorexperimentsare a well developededuca-
tional tool. But nothingis morevaluablethandoingthe experimentoneself. HSTPlivesby a
motto derived from an ancientChineseproverb "l heardaboutit and| forgot/ | saw it andit
stuckin my mind/ | did it myselfandl understoodt!" The practicalimplementatiorof thisis
thatexperimentsaredonein groupsof four or five, oftenwith sufficient equipmenthatseveral
memberof the samegroupcansimultaneouslylo it with eachothers’help. Theteachehasto
circulatein theclass aidingwith themethodof settingup andobserving.

Theteacherss roleis manifoldandchallenging He or shehasto begin the classwith getting
thechildrento give someexamplesof the subjectmatterfrom theirdaily lives. Interesthasto be
generatedor taking up the experiments However, neitherthe outcomeof the experimentsnor
theconclusionsareto betold — neitheratthebeginning nor attheend! Theobserationswill of
coursebe doneindependentlythenthey will be sharedwith the whole class.Often,a member



of eachgroupcomesto the blackboardandentersthe resultsof his or hergroupin acommon
table. The conclusionaboutthe phenomenorstudiedwill have to emege throughdiscussion
anda setof "leadingquestions".By andlarge, after somediscussiona few in the classwill
latchonto whatis really happeningandthenthey will stateit in their own words. If thisdoesnt
happenmorehintshave to beprovided. Therealdemanddntheteacheis to weathererroneous
conclusion®oftenresultingfrom wrongobserations.

Preparing for the process

Thisimmediatelybegstwo questionsHow doesoneensureso muchequipment™ow canthe
teachestandupto suchademandingask?In theurbansetting thekind of equipmennheededs
neitherextravagantorexcessie. Any normalschoolshouldbeableto stockandmaintainit. In
municipalor governmenischoolsandin rural settingit mayappeadifficult bothfrom the point
of financeand availability. Happily, over the yearsmary efforts have focussedpreciselyon
thisissue;thatof inexpensve andlocally availablematerialfor instructive experiments During
the courseof developmentof HSTR which is both rurally basedandin governmentschools,
this particularaspectwvasvitally incorporatedrom the start. The so called"kit supply"for all
the classeds inexpensve, yet doesnot sacrificeon what may be essentiasuchastesttubes,
magnetsjensesandsoon. The expenses modestenoughthatit hasbeensanctionedn M.P.
whereeducationbudgetis low. It hasbeenfound suficient to chage studentsone Rupeea
monthto compensatéor wearandtear

We now turn to the questionof how teacherscanbe preparedor this kind of openended
classroom.Thefirst thing to be realisedis thatoncechildrenbegin to do thingson their own
andbggin to throw up questionsabouteverythingthey see,it becomedlifficult evenfor experts
to answereverythingsatisactorily andon the spot. This hasto be experiencedo be believed.
Obsenationsconcerningphenomenarenotneatlydividedinto PhysicEChemistryandBiology.
Sothatevery oncein awhile a child will asksomethingthat! asa Physicspersonhadto say
"Hmm ... may bedueto someprocesoccurringherethat OrganicChemistsnay know.”

Otherthanthat,asimplequerymaywell crossthelimitationsof thecurriculumandthelevel
of theclass."How doesa tubelight work?" immediatelyrequiresyou to saysomethingabout
electronsandionisation.This canperhapeevadedout of handby saying'too advanced" but
otherquestionsf greatpracticalimportancecannotbe avoided, suchaswhatis “earthing” of
electricalequipment.And oneis instantlyoff to a discussiorof electricalforcesat large. Not
thatthisis notdonein theusualcurriculum.Butif you cantell thechild "readup this paragraph
on earthingand memorisethesefour questionghatcanbe asledonit”, it is mucheasierthan
a carefully wordeddiscourseansweringall the major queriesthe child canraisein her own
languageandcouchedn herown overall perception.

Thus, the kind of classroomsessiorHSTP resultsin is a challengeto everyone,at some
level or the other The stratgy adoptedby HSTP to meetthis challengeis to have monthly
meetingsof all the scienceteacherdrom oneeducationablock in the presencef a resource



personwho shouldpreferablybea collegelevel teacherThisdoeswell to resole questionghat
arosein the classandto sharecommonexperiencesBut the meetingsalsobring very valuable
feed-backrom thefield aboutthe experiments Many importantsuggestion$or improving the
experimentshave beenincorporatednto thetextbooks.

Transformed classroom, transfor med roles

As thereadercanimagine,this approacho teachingcompletelytransformshe classroonset-
ting. Onthefaceof it, it doeshave the characterof a laboratoryin early college. But it is

muchmore. The college “laboratory” is conceved asa supplemento “theory”. The student
alreadyknows the concepts.Laboratoryis just a time to verify someof the known things,to

repeatsomeof the classicexperimentsandto pick up thetechniquessuchasuseof voltmeters,
burettesand pippets. In the discorery approachthis is turnedthe otherway around. Oneis

promptedto take up someactuity including the very preparationtself. It may involve going

out and gatheringleaf, soil or insectsamples;jt may alsoinvolve playing somegames.The
experimentalprocedurds well specified. But whatits outcomemay be is not even hintedat.

Leadingquestionsareaskedto accompan the actvity. Whenoneexperimentis complete the
teachemill leada combineddiscussiorfor thewhole class.The obseration processautomat-
ically becomesarefulsinceonewill be held responsibldor it andthe obserationswill get
comparedagainsthoseof restof theclass.

Knower vs. knowledge

Next the studentswill themseleshave to guessat how to formulatewhatthey obsered. They
have to formulatetheir own laws! Incorrectandhilariousconclusionswill be suggestedf the
obserationswere not careful. This may seempreposterousBut HSTP follows this method,
sometimedo afault. Butimaginetheresponsibilityandautonomyit grantsto the student.No
“definitive” conclusionsaredictated.The formulatedempiricallaw maywell have deficiencies
in it whencomparedo standardisedcience.But thoughsuficient discussiorthe teachemill
smoothit out enoughthat, at the level of the class,it is quite adequateand not contradicting
arything. Butisn't this how scienceunfold evenin practice?

This doesleave mary with anuneasyfeelingalthoughthereis no reasorfor it. The brain-
washof usualpedagogys very strong.Theteacheiis alwaysright. The“expert” is aknow-all,
supreme.Knowledgehasopenboundariesut at the schoollevel, well, isn't it “complete”?
Nothingis fartherfrom thetruth. Most of the mythsaredefensemechanismiventedandper
petuatedy authority It is thetentatvenesf the conclusionsthatmakesthemsonovel. The
habitof learningthroughonesown actvity, albeitwith someflaws, maybeof greatemsein the
long run. Betweenthe integrity of standardise#nowledgeandthe self-relianceof the knowver
we areoptingfor thelatter.



For this reasorthis programhasalsofulfilled the goalsof “learnercentred”’educatiodong
beforeit cameto be known thatway.

Instructor vs. theinstructed

The dynamicsof an HSTP classroondiffers in an essentialway from that of a corventional
one.This alsoreflectsitself in therelationbetweerntheteachemlandthetaught.Fromaoneway
relationshipwith passie andobedientrole by the student,it becomesa dynamicrelationship
morelike that betweena sportsmarandthe coach. The coachremainsthe reliable sourceof
inspirationandguidance.But all the actvity andinitiative mustcomefrom the performey the
student. The relationshipautomaticallypecomescooperatre ratherthantense. It is essential
thattheteacherdoesnot feel threatenedby questionslt is necessaryhattheteachetholdshis
or herown evenin the faceof questionghat cannotbe fully answered.Similarly the student
mustappreciatehe small extent of tentatvenessan all knowledgeandstopexpectingthe kind
of finality andinfallibility expectedof ateacheiin theusualclassroom.

Thereareseveral very desirablebyproducts.For one,if theteachemwantscooperatiorand
wantsto sharewhat he hasto give, he musttreatthe studentsnore equitably more tactfully.
The usualhabit of beatingand corporealpunishmentvould only be counterproductve. But
usuallythe sessioris interestingenoughandprovidessuficient freedomto the studenthatit is
notnecessaryo disciplinethechildrenin ary violentmanner Thisis whatsomeof theteachers
have reportedfrom their own experience.

I nstructor and the academic administration

The programis indeed“learner centred”in the sensethat the learneris an active participant
andonly if heor sheactsandabsorbsvhatis beingpresentedloesthe programsucceedThis
is unlike the usualprocesswhereit is the dictatedprogramthatis absolute againstwhich the
studentpasse®r fails.

But the implementatiorof the programis pivoted on the teacher Much aswe ensurethe
accessibilityof thematerialandtheactvitiesto thestudenttheclassroontanbedismalwithout
the leadershiprole of theteacherasa coach. Thusin this programconsiderableutonomyis
also vestedin the teacher One of the waysthis is doneis to seekteacherdeedbackas to
succes®f theinstructionalmaterial. Active “feedback”is soughtfrom teachergor improving
the presentationgontentandexperimentsn the curriculum.Onestagethis is doneis indeedin
the monthly meetingsspolen of above. A registry is kept of thesetransactionsandrevisions
incorporatedn thetext-booksbasednthesame.

In addition,annualworkshopdgor revision of the materialare heldwith participationfrom
resourcepersonsof college, university andresearcHevel backgroundsTheteachemgetsmax-
imum attentionherebecauséhe hasthe actualobsenationsrelatingto the functioning of the
program.(Thisis in the spirit of the scientificvalueswe areimpartingthroughthe curriculum



itself. Field work is moreimportantthantheorising!) The teachemrepresentatesin turn are
reflectingthe inputs of several of their colleagues. Thus a successfulmplementationof the
programalsoervisageseriodicrevision with active inputsfrom teachershemseles. This has
to be contrastedwith the currentpracticeof mostschoolboardswhereina specialgroup of
“experts”andafew establishedeachersvrite the bookwhich mustthenbe obeyedto theletter
by every teacher Teachermarticipationof the type implementecherebuilds greatersenseof
identificationwith thecourseandgreateresponsibilitywhile implementingt in theclassroom.

A final mostvital partof the whole packageof HSTPis the exam system.An examination
thatis compatiblewith the overall philosophyof the coursehasto be designed.In a generous
allowanceto this particulareducationaintervention, the M.P. governmentgranteda special
permissionto hold a parallelexam for HSTPfor the classVIII schoolboardwhich existsin
M.P.. It would be a farceto train studentso be exploratve andinquisitve andthenburden
themwith the usualrote exam. It is matterof historicalrecordthat M.P. governmentwasthe
only onewith sufficient faith in our own trainedscientistymostof the coregroupbelongedo
Delhi University faculty or researcrscholars}o permitthemthe parallelexam. This examis
openbook. Its questionsarelargely multiple choice.In mary of these practicalsituationsare
shawvn in sketchesandstudentsnustrespondbasedon their experiments.

It is importantenoughto bearrepeatingn a separatgaragraph the“discovery method”
curriculummusthave a compatibleexaminationof its own.

Extensions and outlook

TheHSTPprogramhascontinuedasafundedprojectof D.S.T. andM.H.R.D. In early’90s the
M.P. governmentestablishedh high powveredcommissionof eminentscienceeducationistgo
reporton the implementatiorand succes®f the program. They visited several schoolsin the
districtsand camebackwith praisefor the essentiatontentsof the program. The mainissue
they hadwasconcerningState-wideimplementation. Anotherpoint thathasoften beenraised
is linking it to high schoolsciencegrom ninth onwards.Both of theseareopenchallengesThe
coregroupor whoerver thatwill take up the gauntletmustcomeup with a packagehatwill fit
therequirementsAlso, equallyimportantly the Statemustinitiate actionto seeits successful
implementation.

Severalotherstateshave evinceda keeninterestin adoptingthe methodologyA sisterpro-
gramindependenthstartedin Gujaratmetwith sufiicient amountof successhatthe “learner
centered'textbookspreparedhereweresubstantiallyincorporatednto the standardextbooks.
The programhowever suffers from insufiicient preparatiorat this stage. The experimentkits
have not beensupplied,andthe onerougaskof teacheitrainingandorientationremainspend-
ing. But alarge numberof university teacherhave comeforwardto help.

Severalindividualsfrom differentstateshave participatedn the teachertraining andtext-
book writing of HSTR Their feedbackhasbeenvery valuable. A readerinterestedn seeing



the programfirst handcanattendtheir teachettraining during summerby contactingeklavya,
Kothi BazaarHoshangabad61001.



