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Abstract

This dissertation provides preliminary findings of research work in progress,
drawing on the initial set of Science classroom data from CRPPOsCore Project. It
describes science pedagogical practices observed, using the CRPPOsSingapore
Coding Scheme. The dissertation pays special attention to identifying how the
Singapore science classroom is socially organised, what pedagogical activities are
carried out, what teacherOstools are at work and the types of studentOproducts
generated in class. In addition, the types of knowledge which are emphasised and
how they are classified are also examined. This is a purely descriptive report, at the
end of which the strengths and weaknesses in the observed science pedagogy in the

Singapore classrooms are discussed.



CHAPTER | - INTRODUCTION

Context of Study

The Thinking School,Learning Nation (TSLN) initiative in 1997, mandatedan extensive
overhaulof the SingaporeEducationSystem startingfrom pre-schooto universityadmission
criteriaandcurriculum.The Minister for EducationMr TharmanShanmugaratnanstressed
the needfor Singaporeschoolsto have a much higher thresholdfor experimentatiorto
producepupils with critical and creativethinking skills, the ability to apply knowledgeto
solveproblemsandwho canshowinitiative andenterpriselt wasa strongindicationof the
needto developthe whole child, and an explicit recognitionof the vastrangeof talents,

abilities, aptitudes and skills that students possessed.

Sincethe rollout of the TSLN reforms, a strongcasecould be madethat the Singapore
educationsystem has focused more systematicallyon the learning for conceptual
understandingn sciencegeneratiorof knoweldgeby studentsandthe lateraltransferof such
knowledgeacrosgdisciplines. The aim wasto moveteacherswayfrom rote or Ochalkboard®
teachingand to encourageteachersto employ more engagingand innovative teaching
methods MOE hadhopedthatteachersvould teachfor understandingandwould arousean
interestanda passiorfor learningamongstudentsThe Ministry hopedthatteachersvould,

in addition,exploreissueswith their studentsn a moreinteractiveanddiscursivemannerto

teach their students to ask questions, to speak up and to think independently.

The adventof worldwide comparativetestingin education(Robitaille et al, 1993; Peake,
1996; Schmidtet al 1997)hasprovidedsomeevidencedor SingaporeGsiccessem student

achievemenin scienceand mathematiceducation.The TIMMS results,from 1995till the



latestin 2003,seemdo bearthis out. Generally,successn theseinternationaltestshasbeen
attributedto a numberof factorsincluding, students@ttitudestowardssciencelearning
(Ministry of Education,2004),teachers@structionalleadershipthroughexplainingideas,
and considerableemphasisplacedon scienceby the parentsand students.In the global
context, SingaporeOsducationsystem has seemedexemplaryto all developingand
developedcountriesto emulate. This is evidentby the numberof Asian andMiddle-eastern
governmentsvho sendtheir governmenfficials and educationofficers to Singaporeto
learn from the experiencesf the local educationsystem,on formulating an effective
educationalpolicy relevantto their respectiveneedsof its people. The exceptional
performancef Singaporestudentsn TIMSS tests(Toh & Pereira-Mendoz&002)fuelsthis
curiosity from educatorsand policymakerson how scienceand mathematicsare taughtin

Singapore schools.

With the ever-increasingocus on economicactivities generatedoy sciencein a techno-
centricworld, the pillars of Singapore@sanufacturingsectorareincreasinglythe electronics,
chemicals,engineeringand the biomedicalsciencesndustries.It is envisagedhat future
sciencegraduatesieedto be versatileandskilled to handlethe knowledgeandskills needed
in the future workplace.ln 1997,thenMinister for Education Rear-AdmiralTeo CheeHean
commented in a policy speech that,
Qf you ask CEOsQ@odaywhat their corporation needstheywill tell you: thinking,
flexible, proactiveworkers.Theywant creativeproblemsolvers,workerssmartand
skilled enoughto movewith newtechnologiesand with the ever-changingompetitive
environmentTheyneedpeoplewho canthinkin innovativeand novelways,who are
comfortable in articulating problems and envisioning solutions beyond the

conventionaD (Teo, 1997).



This translatesinto a workforce, which is in-sync with the fast pace of changeand
Oturnaroundf@quiredin the knowledgezone.Sucha workforcewould enableSingaporeo

respond fast to the rapid fluxes in an ever-changing economic climate of the world.

Rationale of Study

Yet, therehasbeenlittle or no systematiadescriptiveresearchn classroomspf any scale,
that might indicatethe effectsof the reformsthe Ministry hasinstitutedsincethe launchof
the OThinkingSchool,LearningNationOin 1997, 0on the teachingpracticesin SingaporeOs
scienceclassroomsNo detaileddescriptionsor researchnto Singaporearscienceeducation
or pedagogyexist, however that might castlight on the qualitiesand cause®f SingaporeOs
succes®r problems Generally,successn internationalcomparativaestshasbeenattributed
to a strongnationalcurriculum, coherencebetweenassessmentlassroompractices,and
curriculum but no detaileddescriptionor analysisof theseconditionsin Singaporeexist.
Equally, problemssuchas Singaporearsciencegraduatesack of ability to solve problemor
think creatively,arefrequentlyattributedto the samecausesasthe successebut again,are
not basedon classroonstudiesor descriptionsof classroonpractices All theseclaimsare
basedon the assumptionthat there is a clear empirical view of what is going on in

classrooms, despite a lack of published supporting research data.

Significance of study

Theseobservationpinpointa Oblind-spot@boutwhat goeson in the Singaporeclassrooms
which may revealthe possiblereasonsbehindthe conflict betweenSingaporestudentsO
outstandingTIMSS performanceandthe seeminglylow levelsof conceptualunderstanding

of science graduates from the Singapore education system.



This dissertatiorintendsto be a lensthroughwhich that Oblind-spot@ould beilluminated.In
this study, Oawindow is openedintoOwhat goeson during sciencelessonsn Singaporean
secondaryschoolsto allow the readerto Oview@he happeningsn a typical sciencelesson

that gives rise to such excellent scores.

Methodology

The datausedheredrawsupon a large (approximately57 schools,1000 lessons)set of
observationaising the SingaporeCoding Schemedevelopedby Luke et al (in print), and
would be analysedo constructthe compositepicture of what goeson in a typical science
lessonin Singaporeschools.The datais the collectiveeffort of a smallgroupof researchers,

including myself.

Theschoolsselectedor theresearctwerechoserrandomlyto give a broadrepresentationf
the many different typesof schoolingpresentin Singapore.The secondaryschoolswere
stratified using the MinistryOsperformanceandicators,and then randomly selectedwithin

each strata, to ensure that every Oschool-typesO is observed for the purpose of this study.

The researchersisited schoolschosenfor a period of oneto two weeks.The timing and
durationof thevisit is decidedby the schools@dministratiorandthe teachersbservedEach
visit lastsfrom aboutthirty minutesto a maximumof ninety minutesDuring eachvisit, the
researchesits at a designatedynobtrusivepositionto observeandrecordthe datastipulated
in the coding sheet.Informal interviewswith the teachersare held either beforeor aftera
lessonandin somecasesafter curriculumtime in the school.During suchinterviews,the
researcheclarifies the motivesfor lessonactivitiesandthe difficulties facedby the teachers

in class.



Limitations of this study

Beinga broadbrushof the scienceeducatiorlandscapen Singaporeschoolsthe studyis not
aclaimto haveseenor to know how EVERY scienceteacherconductgheir lessonsBut as
the datacomesfrom the observationof schoolsfrom every strataof Singaporeeducation
systemijt givesa broad,dipstick-typeinsightinto whatatypical scienceclassroonmactivities

and lessons look like.

Of the threeresearchassistantsnvolved in the study,| wasthe only onewith a teaching
backgroundAs such,the otherresearctassistants@hderstandingf the classroondynamics
may not bethe sameasa trainedteacherObyt this is neutralisedo someextentby the nature
of the codingschemewhich requiresthe researcheto codefor tangible,easily observable
properties As an ex-teachewith eightyearsteachingexperiencan secondaryschools,my
personalbias could also possibly colour my perceptionof the happeningsn the classes
observed| havetried to negatethis colouringby codingfor whatl observeandnot on whatl
feel or think duringthe classobservationsln addition,duringtheseclassobservationsl, have
refrainedfrom letting my mind think aboutwhatis happeningn the lessonsuntil afterthe
lesson hencethe codingaswell, is over. This, | believe,hadminimisedmy personabiasor

beliefs from impacting on the coding data.

| was involved in eighty percent of the data collection for this study. While | was not part of

the initial team that formulated the research project, | was involved in the meetings from the

ground up that decided and refined the actual coding instrument. | was also actively involved

from the early stages in the meetings that were held to fine-tune the inter-rater reliability for

this study. In addition, | assisted in the training of new science coders for this project. In



addition, | had the complete responsibility for writing out the final report and of integrating

the classroom transcripts with the quantitative and qualitative data.

The prototype coding sheet was designed and developed, and later tested with a small number
of schools, before being modified and fine-tuned further taking into account the feedback

from the teachers, principals and researchers (coders) involved in the field. The coders were
then trained in intensive sessions where video clips of actual lessons were shown. The coders
were asked to code while viewing these video clips after which, the coders discussed and
compared their respective Ocoding dataO for that particular virtual lesson. The coders had
extensive discussion and debates as they moved from one item to another (Refer to Appendix
B B Notes on IRR meeting). These training sessions were conducted at regular intervals,
sometimes even three times a week, and each session lasting for hours. Each and every item
on the coding sheet was discussed to such a point that when the coders viewed a particular
lesson clip, the inter-rater reliability exceeded eighty percent in some cases. | was the bench

mark coder for science in these training sessions.

After these series of fine-tunings, the coders, including myself, tested the coding sheet in a
pilot study involving fifteen schools over a period of two months. Upon returning back from
the field, the coding sheet was further fine-tuned keeping in mind the comments from the
participants in the pilot study. My contribution in all this was even more significant as | was a
former teacher who had just left the teaching service and my comments and feedback was
critical to the overall success of the coding exercise and the reliability of the science coders

themselves.



At the end of the first year of coding and data collection, | then went on to write the technical
report on the secondary science by analysing the quantitative data and worked through the
transcripts to construct the classroom learning environment that was observed in the study.

The data collected was used in my Masters coursework assignments as well.

Outline of disserttation

This dissertation gives, in the literature review, a brief background of two similar studies
conductedn United Statesand Australia,beforemoredetailsarediscussean the Singapre
Coding Schemg SCS).The reasonfor the choiceof thesetwo prior studiesis thatthe SCS
drawssignificantly from thesetwo earlier studiesand builds upon the methodologyand

findings of these two studies.

Theraw datafrom classobservationsn varioussciencdessonsusingthe SingaporeCoding

Scheme, is then detailed with the relevant transcripts or excerpts and analysed.

Finally the implicationsof the datasetrediscussedvith suggestedlirectionsto takein the

light of the findings from this study.



CHAPTER Il - L ITERATURE REVIEW

A study similar in natureand scopeto the School RestructuringStudy (SRS) and the
QueenslandschoolReform Longitudinal Study (QSRLS)would, without doubt, produce
valuableinformation and insight for local as well as internationaleducationalison the
OSingaporean way of learning scienceO.
¥ Whatis it thattheteacherdoes,in a Singaporearscienceclassroomthat allows the
studentsof this tiny island-nation,to be consistentlyrankedwell abovethe other
developed nations?
¥ Whatpedagogicatools andtechniquedoesthe Singaporearscienceeacherharness
to OproduceO students of such caliber?
¥ Do the keyfindings and recommendationsf both the SRSand the QSRLSbecome

manifested in a Singaporean science lesson?

PREVIOUS STUDIES WITH SIMILAR SCOPE

Studiesof similar natureconductedn the pastwerethe SchoolRestructuringStudy (SRS)in
1995, undertakenby Newmann and associatesat the Center on Organisationand
Restructuringdf Schools(CORS)anda morerecentstudy,which stemsfrom the NewmannOs
study,the QueenslandchoolReform Longitudinal Study (QSLRS)in 2000commissioned
by EducationQueenslandnd conductedoy University of QueenslandThesetwo studies
serveasthe startingpoint for the proposeddSingaporstudy®n this dissertationThe SRS
and QSLRS are discussedin detail as they were the two most recent studies on
learning/teachingnvironmeniconductedn an extensivescale.ln addition,the CRPPstudy

is based upon and builts further upon these two major studies.



RESEARCH DESIGN OF THE SRS

The goal of the SRSwasto understandhow organisationafeatureof schoolscancontribute
to six valuedoutcomesstudentachievementequity for studentsempowermenof teachers,
parentsand schooladministratorssenseof communityamongstaff and studentsreflective

professional dialogue; and accountability (Newmann and assoc, 1995).

Sampling and Data Collection

The schoolsselectedfor the study were public schoolscomprisingof an equalnumberof
elementarymiddle and high schools.One of the commonthreadsrunning throughthese
schoolswasthatthey hadadopteccertainorganisationateaturedike site-baseananagement,
shareddecisionmaking,teacheteaming,sustainedtudentsadvisorygroups,coordinationof
social servicesand schoolchoice.In all twenty four shoolsspreadover sixteenstatesand
twenty two districtswere selectedThe schoolsincludedthosethat had begunanew,hiring
newstaffto fit a particularmission,aswell aslong-establishedchoolstrying to OrestructureO
aroundnewly definedmission.The schoolssampledhad pronouncedlifferencesfrom the
nationalsample . Theseschoolsgenerallyenrolledhigherpercentagesf African-Americans,
Hispanicsandabout37% of the studentsn the selectedschoolswvereon free or reduced-price
lunch. Eachschoolwasvisited twice in a schoolyear,for a durationof 1 weekeachtime.
During eachof theseone-weekvisits, eachclasswas observedat leasttwice. Data was
collected through class observations,interviews with school staff, parents,district

administrators and detailed analysis of studentsO work and surveys of teachers and students.

Key Findings of SRS
Basedon the findings from the SRS Study, Newmannand associatesoncludedthat the

guality of teachingandlearningaswell asstudentachievementanbe evaluatedusingthree



main characteristicsThey arethe constructionof knowledge disciplinedinquiry andvalue
beyondschool.Thesearethe Olensesthroughwhich Newmannand Associateggaugedhe
succes®f schooling.Eachof theseOlenseséas further subdivided giving a grandtotal of

seven criterion through which the data collected was analysed.

The constructionof knowledgeb this would refer to the ability of the studentdo organise,
interpretand analyseinformationinsteadof passivelyreceivingand reproducingspecific
elementsof knowledge. This categorywas further sub-dividedinto organisation of

informationandconsideration of alternatives

Disciplined inquiry b studentsshould be able to developin-depth understandingof
knowledgearoundfocusedtopicsin specific curriculumdomains.They shouldbe ableto
expressheir understandingshroughelaborateccommunicationsuchaswriting extended
essaysor engagingin substantialdiscussionson and arounda topic. This sectionis
subdividedfuther into disciplinary content disciplinary processandelaboratedwritten

communication

Valuebeyondschoolbstudentgproducework or solveproblemsthathavemeaningn anout-
of-schoolsettingsalong with performingwell in conventionalachievementseststhat are
merelyfor school.The sub-divisionsin this categorywere problemconnectedo the world

beyond the classrooandaudience beyond the school

Using theselenses,assessmentasks, classroominstruction and the quality of student
performancavereanalysedNewmannet al., 1995)to identify OAuthentidAchievement@n

SRS.



RESEARCH DESIGN OF THE QSRLS

The Queenslan&choolReformLongitudinal Study(QSRLS),a studyof classroonpractices
in Australia, was commissionedyy the EducationQueenslandEQ), and conductedfrom
1998to 2000.Theresearchnvolved makingdetailedobservationgndstatisticalanalysef
abouta thousandessonsn four subjects English,MathematicsScienceandSocial Studies
- over a period of threeyears.The aim of this studywasto evaluatethe impactof school

management practices on academic and social aspects (Lingard, et al, 2002).

The researchersiotedthat improvementsn the quality of studentsacademicand social
learning require improvementsin classroompracticesin pedagogyand assessment.
Interestingly,the Queenslangrojectbuilds explicitly on prior internationalresearchand
relies especiallyheavily on the study conductedoy Newmannand his associate$1995),

University of Wisconsin.

Similar to the NewmannOSRS,the QSLRSdefined quality studentoutcomesn termsof
sustainednquiry into ideasandconceptghatareconnectedo studentsexperiencesndthe
world in which they live in. The instrumentusedby Newmannin SRSwas translated,
modifiedandimproveduponin QSRLSinto a 20 item instrumentthatmeasuregyerformance
in 4 domainsb intellectualquality; connectednessupportiveenvironment& valuing and

working with differences (as shown in Table 1 below).



TABLE 1: DIMENSIONS OF PRODUCTIVE PEDAGOGIES

(data extracted from Lingard, et al, 2002)

Intellectual Supportive Valuing and working
Connectedness
Quality Environment with differences
Higher order Knowledge
Student direction : Cultural knowledge
Thinking integration
Background
Deep knowledge Social support Inclusivity
knowledge
Problem-based Academic
Deep understandin Narrative
curriculum engagement
Substantive Connectedness
Explicit criteria Group identities
Conversation beyond classroom
Problematic Student self-
Active citizenship
Knowledge regulation
Metalanguage

Sampling and Data collection

The QSRLSstudied24 EQ schools- Acrossyears6, 8 and 11 plus - involved in overall
reforminitiatives. The Studyinvolved a rangeof schoolsizesin widely dispersedocations
aroundQueenslandCommunitycharacteristicencludehigh indigenouspopulationsyariable
multicultural compositions high to low socioeconomideatures,significant numbersof

transient students, and settled rural and suburban schools.



QSRLSdatawere generatedrom detailedobservatiorandrecordingof classroonlessons,
teachersquestionnaireandinterviewswith seniorstaff. Teacherdlessonsvereobservednd
rated'high’, 'averageor 'low' in productivepedagogiesln addition,teachersvere askedto
completea questionnaireexploring their educationalbeliefs and attitudes, pedagogic
practicesand school working environment.Personalcharacteristicof teachersin the
classroomsstudied were teacherO&ackground,educational qualifications, gender,

professional development and years of teaching experience.

Key Findings of QSRLS

Compoundinghefindingsof SRS,oneof the key findings of the QSRLSwasthatthe degree
of intellectualquality, connectednessndrecognitionof differencearedirectly andpositively
associateavith the extentof studentsengagemenwith, andself-regulatiorof, their learning.
The QSLRS suggestedhe needto recognisethe constraintson high quality educational
provisionthat resultedfrom the limits of teachers®aining andtheir individual intellectual

and cultural resources and capital.



SINGAPORE CODING SCHEME

Both thesemajor, large-scaleclassobservation-basedtudieshavereiteratedthat simply
rememberingfactual, contentknowledgecannotbe consideredas true or OauthenticQy
Oproductivel®arning.Nor caneducatorgpresumethataslong asthe studentsarerelatively
quietand seemto be paying attentionto the teacher that the studentsare Oeffectivelyand
meaningfully@ngagedn the lesson The alignmentin the key findings of thesetwo studies,

conducted half a world apart and at different times, is remarkable and sadly similar

In the mostrecentTIMSS sciencerankings(InternationalStudentAchievementin Science,
http://nces.ed.gov/timssAmericanand Australianstudentscamein ata modest6™ and 11"
respectivelyffor Fourthgradersand9" and10" respectivelyfor Eighthgraders.In contrasto
both the Americanand Australianstudents Singaporearstudentsvere consistentlyranked
first in sciencan TIMSS testingsince1995.The classroonenvironmenin thetwo countries
cited differsin afew key aspectgrom thatfoundin Singaporeschools Althoughtheyshare
similar traits, like multicultural, multilingual and multiracial studentmix in class,the
classroomenvironmentanddynamicdiffers in otherimportantfeaturesFirstly, noneof the
studentscan claim to have English as their first language.Secondly,the classroom
environmentendsto be more quieterthanin the two countriescited. Thirdly, the students
andparentdwho arethe key stakeholder®understan@ndfully appreciatehateducations
the key to successn the future andare morethanwilling to investtime andmoneyinto it.
Theobservationafindingsin this study,thus,shouldbe of interestto both Singaporeamand

international policymakers and educationalists alike.

Although there is someresearchdone on Singaporeschool culture, scienceteaching,

classroomenvironmentor learningstylesin Singaporeclassroomsmostof themweredone



prior to the extensiveandintensivebatteryof reformsunderthe flagshipof OThinkingSchool
LearningNationOnitiative since1997.Furthermorethesestudiesrarely coveredsecondary
schoolscienceandevenfewer studieshadbeendoneon scienceclassesrom alargenumber
of schools coveringthe variouseducationatrack-typegor streams)resenin the Singapore
educationcontext.Most of theseresearchstudiesdrawbackis that they tendto focuson a
singleclassroompr a singleschooltypeor in a particularneighbourhoodn Singaporeor on
primary level of a particulareducationatrack or the duartionis for onelesson.Unlike the
study reportedin this dissertationwhich looks at a numberof the factorsin totality, the
studiesconductedso far havebeenfocussedon only oneor two of theseaspectsAs such,

they cannot purport to show what goes on in a typical science classroom in Singapore.

The SingaporeCoding SchemgSCS)wasdesignedo bring forth answerdo the questions
arising above.lts Ocentref gravityQOlies in Basil BernsteinOslassificationand framing
models (Bernstein,1996) as well asin VygotskyOsonceptsof Ointerpsychologicaind
intrapsychologicaomains@Vygotsky, 1978). Accordingto Bernstein,curriculumthatis
differentiatedand separatednto traditional subjectknowledgewould be consideredas a
strong classification.On the other hand, an integratedcurriculum with weak boundaries
betweenvarious subjectareaswould be consideredas a weak classification.Framing
subscribego the social make-upof the learningenvironmentfor scienceit would be the
classroonor the sciencdaboratorieslit is dependenton the student-studerdndthe student-
teacherinteractions,within the learning environmentand how this classroomclimate

mediates the construction of artefacts and knowledge.

From the perspectiveof the socio-culturallens, framing is sometimesnanifestedas the

interactionalsocialrelationsaroundtools usedby teacherandstudentsn class.lt allowsthe



researcheto unearthhow teachersandstudentsshift betweerkinds andlevelsof knowledge
and genre,within and betweenlessonsand activity structuresto constructa Ospiral@f

complexand intricate patternsof understandingWith the aid of the tools usedin science
classroomsas indicators,one cantry to piecetogetherthe type of teachingand learning

taking place.

Hencethe SingaporeCodingSchemeconsistof the following 3 main codingcategorieand
their sub-categories;
1. Framing
1.1. Social/cognitive support
1.2. Ethos of the classroom
1.3. Main class activities (phases)

1.4.Type of talk

2. Knowledge Classification
2.1. Artifacts used/produced (teacherOs tools/studentsO tools/products)
2.2.Sources of knowledge
2.3. Weak/strong classification of content B single/multi disciplinarity
2.4. Depth of Knowledge
2.5.Knowledge criticism

2.6. Knowledge manipulation

3. Weaving
3.1. Within / between activities (phases)

3.2. Types of weaving



Although,therehasbeenextensiveandfrequentstudieson secondarylassroonandlearning
environmentgFraser,1986,1994; Fraser&Walberg, 1991; MacAulay, 1990), very little of
suchclassroonmenvironmentesearchasbeendonein the Singaporecontext.The closestto
sucha body of datawould bethe InternationalStudiesin EducationalAchievement(1983-84)
andthe work doneby Goh & Fraser(1995).But thesetwo studiesdo not shedany light on
the what goeson during a sciencelessonin most Singaporearschools,asthe former uses
multiple-choicebasedquestionnaireso deriveits dataandthe latterOgocusis on primary
schoolmathematicdessonsIn addition, both studieswere predominantlyquantitativein
perspectiveln addition, Goh admitsthata morequalitativestudywould be more OdesirableO
in the future. Otherstudiesconductedn the Singaporecontextwould include Fraser& The
(1994),Teh & Fraser(1994),Lim (1993)andWong & Fraser1994).Thefirst two wereina
different subjectareawhile the last two, thoughsciencebased,one usedquestionnaire$o
gatherstudentresponseand the otherfocussedon chemistrylaboratorysessiononly. As
such,thereis no body of authentiaesearcldatathatcantell whatis thelearningenvironment
like in a sciencdessonnor the tools usedby the teacherandstudentsn a scienceessonin

Singapore schools.

What seemgelevantfrom the IEA studiesconductedn the mid-eighties,is that Singapore
scienceeducationdid not emphasiseapplicationsin sciencenor attitudes,and valuesin
science,as much as transmitting contentknowledge.In the book detailing the study
conductedin Singapore,t is statedthat scienceteachingin secondaryschoolsbecomes
progressivelylessformal and more studentdirectedwith greateremphasisn Olaboratory-
basedpracticallessonsbeing a regularfeatureqqRosier& Keeves,1991). Contraryto this

observationn the mid-eightiesof Singaporearsciencdessonstherecentlyconcludedstudy



conductedoy my colleaguesandme foundvery little evidenceof sucha phenomenoin the

observed schools.

In the light of SingaporeGmntinuedgoodperformancen internationalscienceassessments,
it becomesvenmorecritical thatoneneedso know whatis happeningn a typical science
lessonin Singapore Overall this dissertationattemptsto fill this gapin the literature by
giving thereaderan insightinto whatgoeson in atypical sciencdessonwithin a Singapore

context.



CHAPTER |l B RESEARCH DESIGN AND M ETHODOLOGY

Preamble

This particularstudy,which is one of six aspectof the CRPPCore project,focuseson the

description& improvementof pedagogyby studyingwhatis happeningn the classduring

the durationof alessonunit. It employsthe SingaporeCodingSchemgLuke et al, 2005)for

this systematicobservationand descriptionof patternsof knowledgerepresentatiorand

constructionandof teacher/studerdocialinteractionin the Singaporearscienceclassroom.
The codingschemesxaminesfor example the focusof classroomalk, engagementevels,

andstatedrationalefor learning. For classificationof knowledge the schemdocuseson the

representatiomndscaffoldingof knowledge. It examinesamongstothers,epistemological
sourcesof knowledge disciplinary framing, depthof disciplinary conceptsandknowledge
reproductiorandconstructionlt is largely theseobservatiordatathataresummarisedn this

report.

It shouldbe notedthatthefindingsdescribedn this reportarepreliminary;in otherwords, it
cannotbe inferred that what is describedhererepresentsSciencepedagogicapracticesin
every secondaryschoolsin Singapore On the otherhand,asthe study employedrandom
stratified sampling,which involved nearly every possibleOtypes©f classin the Singapore
schoolenvironmentthe findings are fairly representativef what any observermwould see
typically in Singaporeschools.As such,this reportshouldbe seenasaninsightinto typical
sciencepedagogicapracticesn mostSingaporeschoolsthatcaninform andpainta picture
of the generalpedagogicalpatternor patternsin existencein the Singaporearscience
classroomTheseobservedpattern(s)were triangulatedwith illustrationsusing sectionsof

transcript data.



Research Questions
The questions that beg illumination are;
¥ What activity structures/interactions are observed in the science lessons?
¥ What is the stated purpose for learning during science lessons?
¥ What major tools and production of artefacts are used to mediate scientific learning?
¥ What type of knowledge is presented during lessons and how can the knowledge be
classified?
¥ What evidence, if any, is there to show that the classroom pedagogy encourages

explicit critical thinking in Singaporean science classrooms?

Sampling and Data Collection

By theendof 2004,about44 lessondhadbeenobservedcodedby ateamof 3 coderswhich
includedthe author,and analysed.Togetherthe codershad observedeighteensecondary
schools.Thenter-raterreliability was as high as 80%. This was achievedby getting the
codersto go througha seriesrigoroussessionsvheretherewere frank exchange®f how to
codeandwhattangibleevidencego look out for in classroomobservationsThis wasdone
prior to the actual coding exercise.Of the 44 lessonscoded, 3 lessonswere from a
Normal(Technicalstream,6 lessondrom the Normal (Academic)streamandthe restfrom
the Expressstream.The samplingwasdoneby computerisedandomstratifiedsamplingand
resultedin the selectionof a smallnumberof the Normal(AcademicandNormal(Technical)
tracks.This waspurely by chanceandthe lop-sidedsamplingwould be Orighted® the next
phaseof codingthe following year.As mentionedearlier, a total of eighteenschoolswere
selectedandvisited. The numberof teachersnvolved correspopnd$o the numberof schools
(i.e/ eighteenteachers)who wereall graduatesn thefield of scienceandhadcompletedhe

teachettraining. Theteachingexperiencesf theteachersnvolevedin the studyrangedfrom



a few monthsto as many as twenty years.Their rangeof their ageswas from the early
twenties to the early forties. Table 1 summarises the data described in this report:

Table 1 - Background

Levels Secondary 3

Streams Express (EXP),
Normal Academic (NA),
Normal Technical (NT)

Number of units 18

Mean/Range of number of Mean =2.4
lessons per unit
Number of lessons 44 (35-Exp, 6-NA, 3-NT)
Number of Phases 158

Mean/Range of Phases per lesso| Mean = 3.6

In orderto getan overviewof currentclassroonpracticespertainingto Secondaryscience,
teachersn theseschoolswereobservedor a unit of lesson.The decisionof whatconstituted
a single unit of sciencelessonwasleft to the discretionof the teacherSomeexamplesof
typical units are listed below.

Table 2 B Units of Science lesson

Chemistry Physics
Atomic structure Mass & density
Chemical Calculation, Density
Chemical formula Friction

Oxides Light

Thedataanalysedn thisreportis basedon 18 unitsof lesson®bservedThedatais basedn
unitsobservedn ExpressNormal AcademicandNormal Technicalstreams.Streamsin the

contextof SingaporeGsducatiorsystemwould referto trackingstudentsnto variousgroups



basedon their academigerformancén nationalstandardisedesting. The OExpress@hich
would refer to the more academicallyinclined students,s one end of the scaleandthe
ONormaTechnicalQyhich refersto the lessacademicallyinclined studentsjs the otherend.
On averagetherewere 2.4 lessonger unit. A lessonusually comprisedof 1 to 2 periods.
Eachperiodof lessonrangedfrom 30 to 45 minutesin duration.The 18 units containa total
of 44lessons.The44 lessonsn turn contain158 phases.The unit of codingis the phase a
proxy for activity structureor instructionalsub-unitwithin a lesson.In otherwords, phases
canbe viewedasdistinctive patternsof classroomactivity with a durationof longerthan5
minutes(Luke et al, in print). The unit of analysisis thelesson A closerlook at someof the
pertinentcoding categoriess neededo understanchow the researcheusesthe Singapore

Coding Scheme and the following section will detail these categories.



CODING FOR FRAMING

For eachphasetheresearchepresenin the classnotedthe durationandorderof phasethe
physicalarrangementthe classsize,the topic, the lessonnumber the date,the sequencef
activities. Each phaseshould have a minimum duration of 5 minutes.If the physical
arrangementhangedn the class(e.g.breakinto clustersfor groupwork), theresearchewiill

note that as a phase change (Luke et al, 2004).

The possible physical arrangements in the classroom are listed in the table below;

Table 3 b Classroom Layout

Single column

Double column

Physical Cluster (indicate numberof pupils in

arrangement in the cluster)

classroom Floor group seating

Laboratory benches

Table rows

Phasesredeterminedo be distinctshiftsin Oactivitystructure@e.g.,whole classlectureto
whole classanswercheckingto smallgroupwork = 3 phases)Most lessonsonsisted to 5
phasesPhaseshouldbe identified accordingto the sustainedactivity. Carewas takenby
codersnotto markdigressionsaschangesin phase If anactivity lastedlessthan5 minutes,
it would be treatedas a digressionfrom a larger phase.For instance whenthe sustained
phases OWholeClassLectureQvith minor shift, for instanceto OIREQt, wascodedasone
phaseof Whole ClassLecture.The possiblephaseclassificationsare Whole ClassLecture

(Monologue),Whole ClassElicitation & DiscussionWhole ClassAnswerChecking(IRE),



Choral Repetitionand/or Oral Reading,Individual Seatwork,Small Group Work, Test
Taking, Whole ClassDemonstratioror Activity, StudentDemonstrations/Presentatioasd

Laboratory/ Experiments. A short explanation of each phase is given below;

Wholeclasslecture(Monologue)s typified by a predominanteachettalk, thereis very little,

if any, sustaineddialogue or exchangebetweenthe teacherand the students.Thereis
negligible studenttalk and evenlessstudent-initiatedquestions.There may be instances

where digressions like short bursts of IRE or other discussion may occur.

Wholeclasselicitation and discussionwould be characterisethy substantiveguestionsppen
endedquestionsstudenttalk extensionswherethe teachemusesa rangeof strategieto open
up the discussion(e.g., wait time, holding back on evaluation,extensionor re-directional
moves).The teachermay requestand record or note studentcontributionsverbally or on

whiteboard Jessexplicit evaluationof students@ontributions morefree flowing discussion,
studentdn dialoguewith otherstudentsteacherinterjectsand forms connectiondetween

comments, ideas and again re-directs.

Wholeclassanswerchecking(IRE) will be depictedasteachetnitiating the IRE sequencéy
utteringa questiona studentrespondsteacherevaluateshe studentresponsandthecycleis
repeatedTeachercould possiblyask serial questionsfor which there could be a specific
answerthat the teacheris seeking.In this case,the teacheris literally Ofishing@or the
requiredanswerfrom the class.Anotherversionof IRE would be whenthe teachergoes
throughthe answerson a worksheetpnequestionat a time, with studentsmerelyverbalising

their written answers.



Choral repetitionor oral reading whichis seldomobservedn a sciencdesson,s whenthe

studentschant,singor give choralresponseteadingaloud,eitherindividually or collectively
of pre-preparedexts. Often found in primary languageessonsand mothertongue,it was

rarely seen in a secondary science lesson.

Individual seatworkwould referto anactivity structurewherestudentssit at the deskandare

engaged in written tasks.

Smallgroupwork, asthe nameimplies, refersto anactivity wherethe studentsarerequiredto

work in small groups to produce a collective product or outcome.

Testtaking would be activitieswherethe teachersetsa classtestor someotherassessment

for the students like quizzes or examinations.

Wholeclassdemonstratioror activity could bestbe describedas,teacher-initiatear teacher-

guidedwhole classgame,demonstratioror other activities of similar nature.It includes
demonstratiorgame(wherethe teacherusesgamesto teachthe goalsof that lesson)and

science lab demonstrations as well.

Studentdemonstrations/presentations characterisedy studentsreporting back their

findings or deliberationsvia demonstratiorat whiteboardor showandtell. It would include
presentatiorof students@riting or text aswell asOHT presentationsformal presentations

and presentation of results from experiments as well.



Laboratory/experimentshe mostnon-controversigbhase areidentifiablewhenstudentsare

engaged in doing experiments or laboratory work.
Another coding item of interestwould be OclassroontalkO which is divided into
organisationalregulatory teststrategy,curriculum-relatedandinformal talk. Most of these

terminologies are self-explanatory.

CODING FOR KNOWLEDGE CLASSIFICATION

The focusin this coding categoryis on how knowledgeis presentedand re-presentedo
studentsin the scienceclassroom.Coding items were devisedfor sourceof authoritative
knowledge,artefactsused (both by teachersand students)and created,the discipline-
specificity of knowledgepresentedgritical appraisalof the knowledge presentedand

internalised and the degree of manipulation of this knowledge.

Sourceof authoritativeknowledgeraisesthe questionof whereknowledgeespousedn the
sciencelessoncomesfrom b teachertextbook,guidebooksstudent,internet,experimental
dataor massmedia. What sourcesare the OfinalarbiterOs@f Otruth©r validity or value.
Wheredoesthe ObuclstopOh this OKnowledgegategory tools usedby the teacherandthe
studentswill be significant to understandinghe pedagogyin placein the Singaporean
scienceclassroomsHence,tools would meanany mediumthroughwhich text, imageor
knowledgearepresentedindhandled For studentQmols, it hasto be usedby the majority of
the class,not just a few students Keepingin mind that the datawasto shoethe overall
classroomOenvironmentthis wasdonesoasto makethe codingdatamorerepresentativef
the generaltools usedbe the studentdor that particularactivity. Teacherand studenttools
canbe the sameor different. As such,theitemsfor teachertools andstudentgoolslists the

possiblechoicesaswhiteboard,overheadorojector,PowerPointslides,textbook,worksheet



or workbook, web sources scientific instrumentatiorand this list just aboutcoversevery
conceivableartefactin a scienceclassroomStudents@roductsduring thesesciencelessons
werealsotakenaccountof, underthe optionslike oral responsegshortor sustained)written

work (fill-in-the-blanks, short sentences or extended text) or multi-modal products.

The purposeof the codingitem of single/several/integratedisciplinewasto determinethe

discipline-specificityof the information presentedand to gaugehow OclassifiedGnhe

knowledgerepresenteth the classroonbecomesThe differencebetweernseveraldisciplines
andintegratedwould be the formerwould alludeto scenariowhereinformationfrom a few

disciplineswould be presentedvithout the connectiondetweerthemmadeexplicit, whereas
the latter would be Ointegratedjovetailedinto a seamles®ntity. Integratedprojectswould

include formal OprojectvorkGand also integratedactivities, problem-basedearning, and

task-basedessons.The focus would haveto be on sustainedearningand should bring

together different knowledge to bear on a specific OwholeO task.

Depth of knowledgepresentedn classwas codedunder three sub-categories basic,
procedurabndadvancedonceptsin addition,anothersub-categoryf beingableto Orelate
factsto concept@asincludedto reflecton higherorderthinking. A categoryfor Oknowledge
criticismOwas insertedto better understandhe incumbentmindsetof the students.lts
purposeis to ascertainthe level to which the studentscommentedon the knowledge
presentedy the teacheror textbookin the scienceclassroomAny questionsor suggestions
initiated by the studentswhich challengeor questionghe presentedknowledgemanifests
knowledgecritique. The anti-thesisof this would be a scenariovherethe studentsaccepthe
teacherOsordsor the informationin the textbookasthe irrefutable Otruthand nothing but
the truthOand acceptit without any questions.Evenif the studentdoesnot have prior

knowledge,he/shecanstill questionthe scientific facts put forth by the teacher.They can



critique or questionthe information presentedy juxtaposingthesefacts againsttheir own
experiencesand their innate understandingt that point of time. In addition, one cannot
assumethat scientific facts are irrefutable as facts do changewhenevernew technology
allows societiesto discoverOnewtruthsGaboutNature and her laws, and hencemodify

existing and established scientific facts.

Finally, students@andling,constructioranddeconstructiorf knowledgein sciencdessons
was codedand categorisednto four groupsto give the researcheranideaof how students
manipulateknowledgein class.The four groupsof knowledgemanipulationidentified were
reproductionjnterpretationapplicationor problem-solvingandgeneratinghew knowledge.
Reproductiorwould referto regurgitationor copyingor repeatingvhatwastaughtin science
lessons.Interpretationwould be creating a plausible explanation among choices.
Application/problemsolving would occur when taking the knowledgeand applying it

appropriatelyacrosscontextsb OlaterafransferOGeneratiorof new knowledgeto students
would be observedvhen studentgyeneratdindings, claims, insightsor perspectivesvhich

are new to them and their classmates.

CODING FOR WEAVING

Weavingrefersto the degreein which the teachersystematicallymovesthe lessoninto
different, more complexlevels or kind of knowledge,making connectionsbetweenthe
contentand the students@herentexperiencesn sophisticatedand complexways. The
degreeof theweavingincreasesvhentheteacheindicatesclearly theintellectualreasondor
the weaving. Typesof weavinginclude new knowledgeto existing knowledge,technical

languageéo commonsensknguagetheoreticalunderstandingo practicalapplication,global



perspectiveto local aspect,scientific discourseto day-to-daydiscourse Weavingwould

encompass teacherOs attempts to interlink the lesson with previous lessons or units.

Thedataobtainedfrom the codingwerecollatedandanalysedising SPSSstatisticssoftware.
The statisticalanalyticalmethodsusedin this study are descriptivestatistics,analysisof
varianceandexploratoryfactoranalysis. Thesegavea peekinto a typical secondaryscience
lessontaughtin Singaporeschools.Cluster analysiswas subsequentlyusedto identify
representativéessondasedon factor scoresof knowledgecategorief the codingscheme.
Transcriptsof theselessonswerethenexaminedin detail for patternsof classroomevents
with specificfocus on social interactionand knowledgecategoriesthus triangulatingthe

transcript and coding data.

Coding andData Analysis

As notedearlier,classroonmactivitieswerecodedusingthe SCS.Thebasicelementof coding
andanalysisis the activity phasewithin alesson A phases definedasa particularperiod of
time thatis characterisedby a particularkind of classroonorganisatiorwherea particular
major activity takesplace.ln otherwords,units of pedagogicapracticeare subdividedinto
lessonsLessonsarein turn further divided into kinds of classroomorganisationn which

teachers and students engage in particular activities.

To providean example- ateachemay beginalessonwith a summaryof the work donein
the previouslessonor unit, thenintroducea new taskfor the lesson- a group of newwords
for instance andafterthis, askstudentgo write a shortpassag®y usingthenewwords.The

teachemayfollow this sequenceijrstly, by havingstudentsespondo the questionsof the



previouswork in a whole classanswer-checkingalso known as Initiation-Response-
Evaluation,or IRE for short)format; secondly by explainingthe forms andmeaningf the
new wordswith examplesn a format of lecture/monologuethirdly, dividing studentanto
small groupsto work on a written passagecollectively and finally, askingeachgroupto
presentheir work to thewhole class.Thus,we mayidentify four activity phasesn the course
of this hypothetical lesson: IRE, monologue,small group work and whole class
demonstrationlt is eachof thesephaseghatis markedwith time in minutesandwithin the

identified phase other categories/measures are scored in the coding menu.

It is importantto emphasise¢hatthe SCSwasdevelopedo describepatternsof pedagogical
practicesin sevencore subjectareas;to comparethesepatternsbetweendifferent typesof
schools streamsandsubjectsto examinerelationshipdbetweentheseobservedatternsand
teacherandstudentattitudestowardslearning;to explorerelationshipsetweerthe observed
patternsaandlearningoutcomesandsoon. Sincetherearemanywaysin which the datacanor
will betreated decisionsaboutanalysisandsynthesiof themwill necessarilydependon the

different purposes or research questions for using the data.

As notedearlier,becausehe databasef Scienceclassroonmactivitiesanalysedn this report
is very small; we soughtto provide a generaldescriptiveanalysisof what happenedn the
observedclassroomgatherthan presentan evaluativeor exploratoryanalysisof the data.
Inspite of this, the studygivesthereaderanideaof a whatatypical lessorwould belike in a
Singaporescienceclassroomandthetypical sequencef activitiesthatwould takeplacein a
particularlesson.It is not claimedthat all sciencelessonsdn all Singapore schools are as

depictedn this study.In addition,we only reportthe mostrelevantandimportantfindings of



the studyhere.To do so,the percentagspenton eachcategoryis calculatedunderthe major
featuressuchassocialorganisationtalk time, studentengagemengtc. The Sciencespecific
featuresaresynthesise@ndanalysedalsoin termsof percentagén occurrenceor focus.For
example the categoryOsociabrganisatiorof classill includethe percentagef time the
teacherworked with the whole classlecture/monologu®r whole classanswerchecking
(IRE), or the percentageof time that studentsworked in groupsand so on. Then the
subcategoriesndereachof thesephasesare synthesised@ndanalysedn a similar manner.
The observeddataquantifiedin this mannercanprovide a simple but accurateandreliable
descriptionof ScienceclassroonpracticesResultspertainingto eachof the major categories

form the basis of subsequent sections.



CHAPTER |V D PRESENTATION OF FINDINGS

Social Organisation of Classrooms

This study employsthe SingaporeClassroomCoding Scheme(Luke et al, in print) for the
systematicobservationand descriptionof patternsof knowledge representatiorand
constructionandof teacher/studergocialinteractionin Singaporeclassrooms.Luke et al.
looked at the two basicaxesof pedagogiaiscourse: framing and classification. Framing
refersto the social organizationof the classroom how the interactionof teacher/student
discourseandbehaviourcreatesa mediatingenvironmenftor learning.lts emphasisthen,is

on the classroom as a discourse site for the construction of artefacts and knowledge.

The SingaporeCoding Schemeexamines,for example,the focus of classroomtalk,

engagemenievels, and statedrationalefor learning. For classificationof knowledge,the

schemeocuseson the representatioand Oscaffoldingél knowledge. It examinesamongst
others,epistemologicakourcesof knowledge,disciplinary framing, depthof disciplinary
concepts,and knowledgereproductionand construction.The social organistaionof the
classroomgjivesanideaaboutthe dynamicsin play in the classroomTheseclassdynamics
underpinsthe OclassroomultureCn eachandeverylesson- how the lessontime is spent,
what type of talk is Qallowednd disallowedGnd who decideswhat and when something
happensaredecidedor plannedfor by the so-calledunwrittenrulesof thatclass laid outeven
beforethe researchestepsinto the class.Someof this Oculture®asbeeninitiated in the
primary schoolsand reinforcedor finetunedevery year by subsequenteachersin the
secondaryschools. Sometimeghe home,the locality of the school,the schoolOhistory and

tradition alsoplay a strongpartin this aspectsThe focusin the lessonobservationgor this



studywason the lessonactivities (termedas phasesphndthe type of classroontalk during

science lessons.

The breakdownfor the activities conductedduring sciencelessonswasfoundto be 28.8%
spenton whole classlecture,23.7%on IRE, 16.7%on individual seatwork,12.2%on whole
classelicitation and discussion,6.4% on studentdemonstrations5.8% on laboratory

experiments, 3.2% on whole class activity and 2.6% on small group work.

Thesefigures (seeTable 2 below) paint a picture of classroomslominatedby the teacher
(about64.7%o0f thetotal classactivity time). Within thetimeframedominatedoy theteacher,
alargeproportionwaswhole classlecture(28.8%)andIRE (23.7%),thusaccountingor the
very low incidenceof student-talkn class,asdepictedby the low percentagen the student

demonstration category.

Table 4 b Phase type

Phase Teacher Student
centered centered

Whole class lecture 28.8%
IRE 23.7%
Whole class 12.2%
elicitation/discussion
Individual seatwork 16.7%
Student demonstrations 6.4%
Laboratory experiments 5.8%
Whole class activity 3.2%
Small group work 2.6%

Test taking 0.6%




In a whole classlecture,teacherdypically took the studentshroughnew scientific ideas,
explainingscientific facts and conceptswords and contentsalong the way. The textbook
was, in mostinstancesthe ultimate provider of scientific knowledge.Teachersusedthe
textbooksextensivelyandthesetextbooksweredirectly andindirectly Oquoted@om by both
teachersandstudentsduring sciencdessonsWheneveltthe classencountere@ new concept
or fact, mostteachersvould focus on new scientific word or terminologiesfor a while,
explainingthe meaningwhich would be taken Owordor wordOfrom the textbook. When
looking for answersto the teachergqueries,the studentswould, without fail, refer to the
textbooks.Thetrancriptexcerptbelowis anexampleof onetypical lessonin the Singaporean

science classroom.

TRANSCRIPT |
(The section in bold is a typical scene in a science classroom where actual text in the
textbook is quoted)
T: Oh! Atoms, alright the wood, the wooden atoms have joined together, fixed together

to make up this item here. So this one has got a mass, has got a mass, same as this?

Ss:  Noresponse

T: Same as this one? same as the stone? Will the mass of this and the mass of the stone

be the same?

Ss: Nooo!..



SA:

They are not the same? The mass of the cork and the mass of the stone are not the

same because they are made of different atoms.

Materials

Ahh! they are made of different materials. That's right. so we are going to look at the

... andhighlight the first line. The mass of the body... highlight.

Mass of the body is a measure of the amount of substance in it. It depends on the

number of atoms it contains and the size of these atoms.

Slightly later in the same lesson

Sg:

Teacher, how about underwater?

Underwater? ... underwater it depends...underwater you are nearer and nearer, getting
to the Earth, the centre of the Earth, of course the pull is more, so you find a lot of
pressure on you because there is a lot of weight acting onto this, Rikgng?. lets

highlight ...... right on page four zero highlight the next paragraphthe mass does

not change, when the body is at another place, so it doesn't matter where the place is
and this kind of question quite often, it will, it will be asked. Okay, what is the mass
when the person is twenty kg on the Earth when you go to the moon, what is the
mass? A lot of people will say two Newtons, whatever, two kg and all this, and the

answer is that, no matter where the object is the mass remains ...



Sk: The same

T: The same, unchanged. Okay, a very important pamd.next ... beside Table 3.1,

the other one that | want you to highlight, the Sl unit for mass is the...

T: Right, kg, kilograms, don't put it as grams. Grams is one of the units for mass but it is

not the Sl unit, okay. So smaller objects, we use, we don't use kg all the time.

Sometimes we see the apple, (and say) oh this is hundred grams. They don't say that

as zero point one kg and that kind of thing. And the pea, which is very small its only

one gram. Then itOs so difficult, they say what its zero point zero zero onegight,
the next, next, next line E highlight this as well. Smaller objects or measure are

usually measured in gramsOTell me the conversions between kg to grams.

The words, phrasesand sentencesn bold in the abovetranscript,are instancesvhenthe
teachereferredthe studentgo the textbookandquoteddirectly from the textbookBword for
word D for the studentsto underlineand memorise.Theseare explicit evidencesof the
textbook being the major authoritativetool in the classroomand the inclination towards

memorising phrases and sentences from science textbooks.

In somecasestherelevantphrasesn thetextbookwould be underlinedor highlightedby the
studenton theinstructionof the scienceteacherThis processvasgenerallyutilised by most

of the teacherghat were observedln this practice,studentswere seldominvited to make



contributionsandwhenstudentsattemptedo makecontributions they werelargelyignored

by the teacher, as it was not serving the teacherOs OcauseO.

The few teacher-studennteractionsobservede.g.,in phasessuchasIRE or whole class
elicitation), studentswererequiredto answerclosedratherthanopen-endedjuestiongsee
Table5). Thetranscriptbelowis typical teacher-studergxchangen a sciencdesson; one-
or two-word answersweretypical of the studentresponsesbservedwith very few student

utterances consisting of more than one sentence.

TRANSCRIPT I
T: Hello, is the Density given? Yes. How much?
Ss:  Yes. 19 thousandE
T: 19 thousand. Is the Mass given to us?
Ss:  Nooo...!
T: No given. Ah, Mass given or not?
Sa: No
Se: Yes

T: What volume will 1kg of gold occupy? So 1kg stands for the?



SA:

SA:

Gold.

Mass.

For the Mass,that'sright. So Massis given. Whenyou look at the unit you will be

ableto tell which oneis given. Whetherit's talking aboutthe volume, whetherit's

talking aboutthe densityor the mass.Whenthe questiononly give kg, thenyou will

haveto tell yourselfthatoh, this is given asthe?As the Mass.Alright is the Mass

givento us?If the questiongive ussomethindike cm cube,thenyou mustknow that

it's giventhe volume.If the questiongive you grampercm cube,from the unit itself

you should be able to tell.

Volume.

Density.

1tOs the density. Okay, so in this case, density given. The mass given. The volume?

Given.

Not given.



About 35.3% of the total classtime was devotedto studentwork in one way or another,
socially organisedin such phasesas silent seat work, small group work, student
demonstrationlaboratoryexperimentor whole classdemonstratior{seeTable 2). In small
groupwork, no projectwork wasobservedjnstead,studentswere requiredto do comeup
with answergo shortquestionswhich invariably, the studentswere ableto getfrom their

textbooks without much effort.

Whenthe scienceteacherglid occasionallyinvolve the studentan certaininteractionsthey
tendedtowards addressingheir questionsto the whole classratherthan to individual

students. The transcripts | and Il both exemplify such a situation in the science classroom.

Talk Time and Student Engagement

About 90% of classtalk-time wasspenttalking aboutcurriculum(seeTable5), while there
waslittle time spenton behaviormanagemenalk (4.4%),proceduratalk (7.4%)or informal
chat (7.5%). Rather,virtually all the classtime was usedto do curriculum tasks.The
classroomlessonsobservedwere orderly and without behavioraldisruption or visible
resistanceOf course this could be dueto the presencef theresearchemn the class.Suchan
effectwasminimised,but not eliminated,by the durationand frequencyof the researcherOs
stayin the lessonsNeverthelessteachersraluedtheir classtime highly and studentswvere
almostalwaysreadyfor their learningtasks,requiringlittle disciplineanddirection.In other

words, both the teachers and the students were very much on task.



Table 5 b Talk type

Type of class talk Percentage of observed lessons
Procedural Talk 7.4%
Behavioural Talk 4.4%
Test Taking 1%
Curriculum Talk 90%
Informal Chat 7.5%
Talk Time in Phase 74%
Valid N (listwise) 44 lessons

Broadly, then, the typical sciencelessonstarts off with a short five to ten minutes
introductionto thetopic or alternativelythereis a shortrecapitulatiorof the previouslesson.
This is followed by an extendedeacher-centredhole classlecturewheremostof whatthe
teacheisayscouldbefoundin thetextbook.Thusmoststudentdook engagedut thereis no
explicit verbalcuesto substantiatéheir depthof engagementThe teacherrarely allows for

challengingguestiongo be askedandthe studentscorrespondinglydo not attemptto askany
guestionsegither. Thelessonthen,if thereis enoughtime, proceedson to a completionwith

anIRE sessiorto allow the teachetto gaugethe Ounderstandingf the students@uring this
IRE sessionsthe studentsnvariably refer to their textbookor peersfor the answerdo the
teacherQguestionsThereis very little follow-throughor probingquestiondeadingon from
the students@nswersnor do the teacherencouragalissentingviews to the opinionsof the

teacher or textbook - the authoritative sources of knowledge.



On the otherhand,scienceessonsvhich wereanomalougo the describedpatternwasalso
observedb but they were very insignificantin numbers.The vignette below showsone

science lesson which did not conform to the general trend described earlier.

Excerpt A
The teacherhad startedoff the lessonon Atomic Structurewith a timeline of the various
atomictheoristsandtheir modelof anatom.In thefollowing lessorhewenton to revisewith
his studentghe currentmodelof anatom.The studentsareto sieveout theinformationthey
needfrom varioussourcesthe Internetwebsites textbooks teacherOsotesand any other
sourcegheyhave.Thefollowing is two excerptf the classtalk in which theteachemprobes

the answers given by the students to ensure that there is no misconception;

T: | gave you a set of notes, can we refer to it now! OK, are you ready with your notes?

OK before | start, the first thing is about the structure of the atom right?

Ss: Yes.

OK, the structure. What | want you to do, | give you 3 to 5 minutes of the time, go
through what is number 1 and transfer what you know or what you understand about
the reading on part one and transfer it, the information onto a table first. Give yourself

3 to 5 minutes. You can use your textbook as well.



After about 5 minutes,

T:

Src:

SA:

SA:

Alright, OK look up here, face the front. Now we start with number 1. Now it is now
believed that from whatever the past events that we have gone through, we have
identified the whole atom has a spherical shape right since the olden days, then inside
the spherical shape there is this what? A nucleus right, it is like the core or heart of
the atom. And inside the nucleus, what is the charge of the nucleus then?

Neutral.

Neutral? Nucleus is neutral. Think a bit it closely. What is the charge of the nucleus?

What is nucleus made up of, think about it, then only you can answer the question?

No charge.

No charge? Still no charge? OK never mind, maybe ehf)lwlsat is the nucleus

made up of?

Protons and neutrons.

OK, protons and neutrons. So what is the net charge if you have protons and neutrons

in the nucleus?

Positive charge.



Ss:

Ss:

SJ:

Positive charge, why is it positive charge?

Because there are E..

Is it because there are more protons than neutrons? Why is it positive charge?

Neutrons have neutral charge, no charge. Then what about the protons?

Positive charge.

Positive charge. So what is the net result of positive charge and neutral charge putting

together? So the net result is still positive charge. OK? Now outside the nucleus you

have electron shells or you can also call them asE what do we call them?as, S

Orbits.

Orbits, what orbits?

Electron orbits.

Electron orbits or electron orbitals, OK. Or another way of saying is electron shellsE

what else?

Energy levels.

Energy levels.



Excerpt B
After abouttwenty minutesinto the lesson the teacherhad Owalkedhe classthroughthe
topic on the propertiesand characteristic®f the threesub-atomigparticles,proton, neutron
and electron.He thengoeson to testthe students@bility to transferthis information into
application.He usesthe hydrogenatomicstructureasan example.The studentsvereableto
give the correctanswerandthe relevantexplanatiorfor the numberof protonsandelectrons

in hydrogen. Then came neutron;

T: What about the neutrons? What about the neutgthA8y neutrons? Stand up and

answer. Many of you never open your mouth.

S: Only has one proton.

T: Only has one proton, why thereOs no neutrons?

S No need to cancel out the proton.

T: What no needto cancelout? Yes EHow do you explainthe numberof neutronsis

zero, nothing E yes? The number of neutrons is zero for this atom.

S When the positive like got two positive protons, right, tends to repel each otherE



Se: the neutron hold them together E (pause)E but then no neutron (to herself)E

LE But my question is E

S Only got one, what?

T: My question is thereOs no neutron in this atom, WHY?

S Because, because no need to attract them together.

T: No need to attract them together?

S The mass number E.

T Wait! Wait, wait E let her answer first.,5? E Speak louder.

Sxy: Massnumberis thetotal numberof protonplus neutronsThereforethe massnumber

minus proton number is number of neutrons.

Thus,in theseexcerptstheteachemwasobservedo probethe answergiven by the students
to ascertairthe understandingf the studentsThe studentsverevery comfortablewith the
scienceteacherand did not shy away from challengingthe textbook or the teacherOs

expressed views. In fact, the teacher seemed to encourage this type of student behaviour.



Major Sources of Authoritative Knowledge

Poolingall the observationsogether(seeTable6), in 83.8%o0f the phasesthe majorsource
of authoritativeknowledgewasthe teacherjn 7.1% of the phasest wasthe studentandin

7.6% of the phasest wasthe worksheetor the textbook.Thesefour major sourcesake up
about98.5%, relegatingother sourcessuchas data(1.3%) and massmedia(0.6%) to be

rather very insignificant in contrast.

Table 6 - Major source of Authoritative Knowledge

Cumulative
Frequency % Percent

Valid Student 11 7.0 7.0
Teacher 130 82.3 89.2
Textbook 8 5.1 94.3
Worksheet 6 3.8 98.1
Data 2 1.3 99.4

Mass Media 1 .6 100.0

Total 158 100.0

Furthermorelearningactivitiesin the scienceclassroomst the secondaryevel weretightly
controlled by the teacherwho had the authority to decidewhat knowledgewas under
consideratiorandhow it couldbe experiencedby the studentsin addition,it wastheteacher
who selectedthe Ocorrect@nswersto any divergentinterpretationsthat arosefrom the
studentsin the processof knowledgetransmissionOnly when the teacherfelt uncertain
would she/hethen refer to the textbook or worksheetas the sourceof authoritative

knowledge.



TeachersO and StudentsO Tools/Technologies

This refersto the tools throughwhich text, imageor knowledgeare presentecand handled.
For studentG®ols, the researchersodedfor thetool thatis usedby the majority of the class,
not just afew studentsTeacherandstudenttools canbe the sameor different. If theteacher
copiessomethingrrom the textbookonto the whiteboard,overheadr PowerPoinBthe item

was markedas PowerPoint.Note that scientific or mathematicabpparatusvould include

manipulative, calculators, traditional laboratory equipment.

Table 7 D TeacherOs tool

Percentage of observed lessons

Whiteboard 59.1%
OHT 29.6%
PowerPoint 11.4%
Textbook 2.3%
Worksheet 9.1%
Internet 0
Science Apparatus 6.8%
Others 2.3%

Nil 2.3%
Valid N (listwise) 44 lessons

The mostfrequentlyusedteacherOmol (SeeTable 7) were the whiteboard(59.1% of the
lessonsobserved)and the overheadprojector(29.6%). Worksheetsand scienceapparatus
usagewas 9.1% and 6.2% respectively,of the lessonsobserved.The only significant
presenceof IT technologywasthe useof Microsoft PowerPoint(11.4%),while resources
suchasthe Internetwere seldomemployedin the teachingprocessHence the technologies

usedtendedo betraditionalor principally employedo augmentraditionaldidacticteaching.



The whiteboardwas usedprimarily during whole classlectures/monologuet® illustrate a

particular point the teacher wanted to make.

Textbooksandworksheetsverean integral partof IRE, whole classelicitations/discussions
andlectures.Theseobservationllustratethe fact thatthe useof IT in scienceessonis still
OprimitiveGand at mosttimesit is an alternativeto the OHT ratherthan augmentingthe
traditionaltoolsin the classroomAs such,mostof the scienceteacherglid not exploit the
wider possibilitiesaffordedby IT in sciencdessons.Whenqueried,mostteachergited the
workload,lack of time of logistical problemsasreasongor the lack of usageof information

technology in their lessons.

On a positivenote,therewereinstance®f enterpriseamongsomescienceteacherslike one
of the teachersobservedwho gavean insight into how IT could possibly be usedmore
effectively for scienceeducationin SingaporeHe haddesigneda personalwebsitefor his
chemistrystudentsto accesswhich is linked to the schoolwebsite.All his lessonsnotes,
presentatiorslides,homeworkandassignmentare updatedonto this websitefor studentgo
go throughafterthelessonis completedIn additionhe hascomeup with his own appletson
someof the chemistrytopicsthatwastaughtin his class.He usedtheseappletsin hislesson.
Studentsfrom his classaswell asfrom otherclassedn the level, and evenstudentsfrom
otherschools,usedtheseappletscreatedby him, to revisefor examsandtests.Most likely
the researchersvould unearthmore Ogemsiike this as more teachersare observedbut,

unfortunately, examples such as this teacher, have been few and far between.



Thetoolsusedby studentsluring sciencdessonsvascodedfor andcompiled(Table8). The
analysisof this datashowedthatin 59.1% of the lessonsobservedthe students@arning
processvasmediatedby worksheetsand29.6%by textbooks Blank paperwasusedduring
9.1% of the lessons,whereaswhiteboard and Oothersade up 13.6% and 18.2%
respectively.

Table 8 B StudentsO tool

Percentage of observed lesson

Whiteboard 13.6%
OHT 0
PowerPoint 4.6%
Textbook 29.6%
Worksheet 59.1%
Internet 0
Science Apparatus 15.9%
Others 18.2%
Blank Paper 9.1%

Nil 0
Valid N (listwise) 44 lessons

Thesefinding indicatedthat muchof the classroontime in sciencewasspenton completing
worksheetsand referring to the textbooksfor answersto questionsand explanationsfor
scienceconceptsWhatis puzzlinganddisturbingis the unexpectedow percentagédor the
useof sciencemanupulatives the useof scienceapparatu@sa form of studentgool is not
rankedhigh aswould havebeenexpected®it is fourth with 15.9%.0ne possiblecausefor
the observedlow level of labwork, would be that the topics taughtto secondarythree
chemistrystudentsdoesnot lend themselvego experimentalwork. As mostof the topics
taughtat this stage with the exceptionof acids,basesandsaltsaswell asoxides, arebasic

topicslike atomicstructure chemicalbondingandmole conceptlin addition,someeducators



havesuggestedhat someof theseearly topicsaredonein the first two yearsof secondary
scienceeducationwhereexperimentawork may havebeendoneand, assuch,thereis no

need to repeat those experiments again.

StudentsO Products

For the purposeof this study,a broaddefinition of Ostudentg@duct®eferredto anykind of
work generatedoy studentsduring sciencelessons.Short oral responsedescribesshort
answer,word, phrase single or doublesentenceutterancesyhile sustainedoral response
refersto extendedutterancegxplanationyerbalexplanationbeyonddoublesentencesShort
written answersrefersto a sentenceor writing which is lessthanor a normal paragraph,
while sustainedwritten text refersto a paragraphor more of written text. Multimodal text

describes a combination of visual, digital, traditional print, spoken, any of the above.

Table 9 B StudentOs Product

Percentage of observed lessons

Short Oral Answers 54.6%

Short Written Answers| 20.5%

Sustained Written Tex 9.1%
Multi-modal Text 0

Worksheet 56.8%
Sustained Oral Text 0

Others 15.9%

Nil 4.6%




From the data collectedand analysed students@riting activities occupieda very small
proportionof classtime (SeeTable9). The threemostfrequenttypesof students@roduced
work wereshortoral answerg54.6%o0f the lessonobserved)worksheet456.8%)andshort
written answers(20.5%). Sustainedwritten texts generatedy studentswhich were not
commonin classwork or asa homework,accountedor only 9.1% of the lessonsobserved

and sustained oral texts even worst B was never seen.

Very often, short oral answersdid not evenamountto a completeor finished sentence.
During IRE sequencethe studentsvould usuallygive one-wordanswergqreferto ExcerptA
abovg. No long answerswith extendedexplanationvereobservedn sciencdessomor were
thereexplicit approvalof suchanswersThis phenomenoranbe explainedby the fact that
theteachergenerallydid not rewardlongeranswersaandsometimesnteruptedandcut short
any responsesvhich they felt was Otoolong-windedOln addition,teacherdailed to probe
shortanswerdurther,soasto allow studentgo constructa moredeepemunderstandingf the

subject matter or content knowledge.



Depth of Knowledge

In this sectionon depthof knowledge taxonomicordersof knowledgeare presentedDepth
of knowledge(seeTable10) refersto therelativecomplexityof the knowledgetransferredo
the studentsBasiclevel of knowledgeis definedin the coding manualasrepresentatiomf
basic facts, information from experimentsand the definition of Obasic{d constitutedin
relationto age/backgrounaf children,gradelevel, and syllabus/fieldconventionsBasic
knowledgein the scienceclassroomis the basic facts, raw data gatheredfrom the
experimentsand scientific knowledgethat a studentis expectedto havelearnedprior to
secondary three.

Table 10 B Depth of Knowledge

Depth of Knowledge Nil A little | Sometimes Almost
always
Basic/rote 4.4 8.9 28.5 58.2
Procedural 335 14.6 335 18.4
Advanced 50.6 24.7 24.1 0.6
Facts to concept 71.5 11.4 15.8 1.3

Proceduraknowledgewould referto explicationof strategiesproceduresandapplications.
Simply stated,it would be the Ohowto EO type of information. In otherwords,procedural
knowledgerefersto the practicalapplicationof factual knowledgeand the OhowtoQin a
scientific processlt is anexplicationof strategiesproceduresandapplicationsln contrast,
advancedknowledgeis exhibitedwhenthe codersobserveelaboratedr deepconceptdrom
field or discipline, where Oadvanced®construedn relationto the ageof children, grade

level and syllabus/field conventions.



OFactm concepts@ould observedandcoded whenstudentsexhibit the appropriatenesand
understandingf contextof application,why certainprocedurer strategiesare usedor in

what circumstances one procedure or strategy is preferred over another.

The following excerpt details an example of procedural knowledge in science lesson.

Excerpt C
Thetopic for this physicslessorwasOLightraysOTheteachemwasteachingthe studentsiow
they should go aboutconstructinga ray diagramand the essentialfeaturesthat the ray
diagrammusthave,to qualify for OhighmarksQiuringthe classtests.In the previouslesson,
the teacherhad taughtthe classthe first law of reflection. The teachergoesthroughthe
procedureso adhereto whendrawinga correctray diagram.Very little explanations given
by the teacheror soughtby the studentson the rationalefor eachof the steps.The teacher
tells the studentsthat they OMUSTGnow how to identify the normal,an incidentandthe
reflectedrays. Shedoesnot elaboratefurther on the OMUSTOShegoeson to usethe ruler
and the protractorsto detail the procedureson drawing a ray diagram. The teacherOs

instructions to the students are as follows:

o] Draw a line to show the plane mirror.

0] Thepoint of incidenceis the point wherethe incidenceray strikesthe mirror. From
this point of incidence, draw a line 9 the plane of the mirror.

0] Draw a perpendicular line to the plane mirror to denote the Normal.
Ols the normal a dotted line or a solid line?0

o] Thentakethe angleof incidenceandthe angleof reflection.How do youtakeangleof

incidence? This is how you show angle of incidence.



) Next how do you find angle of reflection? You OMUSTOrememberthe Law of
Reflectionwhich statesthat the angle of incidenceis equalsto the angle of reflection
at the point of incidence.Sothe angle of reflectionwill be the sameasthe angle of

incidence.

Subsequentlythe teacherepeatshe abovesteps,a few times,with anotherexamplebefore

getting the students to try their hand in drawing the diagram themselves.

The abovescenariois typical of how OproceduraknowledgeQs taughtin SingaporeOs
scienceclassroomsltOsvery structuredand repetitive without much elaborationsnor
explanationsnor rationalefor the proceduresnvolved. Neither do the studentsthink of

guestioning the instructions or suggesting alternate procedures to their teachers.



Advanced Conceptual Knowledge
The following episodedetails an exampleof the occurrenceof advancedconceptual

knowledge in an observed science lesson.

Excerpt D
In this chemistrylesson,the topic for the day was OAtomicstructureOThe studentswere
familiarisedto the atomic structureand the sub-atomicparticles.The teachertaughtthe
studentsaboutthe attractionbetweenthe varioussub-atomicparticleswhich are charged-

proton being positive and the electron being negative.

Theteachetthenintroducedthe alreadyfamiliar ideaof magnetismandhow the North Pole
and SouthPole of the magnetsattract,while the southbsoutlor north--northarrangement
causegepulsion,with the heretounknownconceptof sub-atomicparticle attraction.The
teacherrelatesthe phenomenormf unlike polesattractingeachotherandlike pole repelling
one anotherwith the attractionof the positive-negativechargesand the repulsionof the
negative-negativer positive-positivecharges Shethenwent on to give them a seriesof
instructionswhich seemednitially mysteriousandpuzzlingbut which wassupposedo help
the studentaunderstandhattherearechargesaroundthemandthesechargesattractor repel

each other. The teacherOs instruction to the students was as follows:

o] Take a piece of OuselessO paper like a bus ticket or any used and unwanted paper.
o] Shredthis paperuntil it is verytiny, smalllittle piece,really smallthatyoucanOtear
it further until it is about only a few mm.

o] Take out your pen, a plastic pen. Highlighter pen with a cap.



o] Usetheroundtip and notthe sharptip of your pen.Makesuretheroundtip is clean.
Then rub the tip of your pen against your uniform B a piece of cloth.

o] Once you are done, bring it close to the paper and tell me what happens.

Someof the studentssucceededh this experimenton Static Electricity (which the students
havenot learnedbefore)wherethetiny particlesof paperwasattractedo thetip of the pen.
Quite a numberof the studentdfailed to achievethe desiredresult, dueto the size of the
paper.Nonethelessmanywere persistentandthe studentgepeatedhe attemptby ensuring
thatthe papersizewasextremelysmall. Theteachersucceededn relatingfactsbattractive
forces presentaround us, which is tangible - to conceptsof sub-atomicparticulesO
interactionswhich is intangible.This wasalsoan exampleof the succesfulextrapolationof
scientificknowledge(chemistry)into a differentsubjectarea(physics)panexampleof Basil

BernsteinOs Oweak classification and weakframingO in science lesson.

Sucha confluenceof Owealkclassificationand weak framingOwasrarely seenin the other
sciencelessonsobserved.The sciencelessonsobservedand coded, showeda marked
emphasi®nrote andbasicknowledge(58.2%)andproceduraknowledge(51.9%).The high
value for proceduralknowledgein our study findings augurswell for the masteryof
procedurakkills that sciencestudentsieedto possessvhenthey moveinto a science-related
career. On the otherhand,the high percentagefor ORote/basic®upledwith the lower than
expectedpercentageor the OAdvancedihd OFactt concept@ategorieshouldbe a cause

for concern to science educators and policy makers alike.



Knowledge Manipulation

This coding categorydealswith the processof knowledgetransferitself. OReproduction®
refersto copying and repeatingof the material that was taughtto studentsin science
classroomsOQlnterpretation@desupposeshat a plausibleexplanationis providedand the
knowledgeis transferredhroughtransduction OApplication/problersolving&refersto the
practical applicationof knowledgein novel contexts.OGenerationf knowledgenew to
students@ssumeshe procesf discoverywhenthe studentsinderstangomethingnewwith
minimal scaffolding on the part of the teacher.Knowledgemanipulationlikewise is not
constantthroughoutthe phase andthe samephasecould be codedfor severalknowledge-
transfer strategies as well.

Table 11 B Knowledge Manipulation

Knowledge Nil A little Sometimes|  Almost
Manipulations always
Reproduction 5.7 7.6 20.9 65.8
Interpretation 28.5 21.5 35.4 14.6
Application / 50.6 18.4 241 7.0
Problem solving
Generation of new 82.9 7.0 8.9 1.3

knowledge

Reproduction,which was by far the most prevalent strategy, was presentin 86.7%
(Sometimes/Almosalways)in the Secondary8 sample(SeeTable 11). Interpretationwas
presentin only 50% of the phasesin the Secondary3 scienceclassesobserved.
Application/Problensolvingfor the SecondaryB cohortamountedo only 31.1%or lessthan
one-thirdof all phase®bservedNo significantgeneratiorof newknowledgewasfound. As

the scalemovesfrom activity thatrequireslower-orderthinking to higher-ordetthinking, the



incidenceof suchactivitiesoccuringin the scienceclassroondropsdrastically. Transcriptsl

and Il earlier in this paper exemplify a typical lesson high on IRE and reproduction.

Knowledge Criticism

Knowledgecriticism refersto the explicit critique of knowledge Thatis, secondguessinghe

information presentedn the lesson,criticizing it, asking how it might be erroneous,
misleadingor problematic The classificationof Otruth@® codedwhenthe studentsaccepthat

there is only one right answer, usually the teacherOanswer. The next category of

OComparisori®codedwhenthe researchersbservethat the studentsmanipulatedifferent

sourcesjdeasto compareand contrast.The categoryof Ocritique® deemedo be observed
whenstudentsactively challengethe validity of the sourcesof knowledgeand/orthe claims

made in the science lesson.

Table 12 B Knowledge Criticism

Knowledge Nil A little Sometimes Almost
Critique always
Truth 2.6 8.6 7.8 81.0
Comparison 60.3 19.8 15.5 4.3
Critique 724 19.0 8.6 0

Theclassroonpedagogyseenandshowcasedisingthetranscriptsandvignettesin this paper
tendto pointtowardsa non-criticalacceptancef scientificknowledgeduringsciencdessons
in Singaporeschools(referto Table12). Theimplicationsarethatany scientific knowledge
presentedo studentss not questionedandis prevalentlyacceptecas OTHEtruth andnothing

but the TruthOby the studentsThis attitudeof studentsmay stemfrom the Asian culture



innatein the Singaporearstudentsvhich forbids, or ratherdoesnot encouragegriticising an
authoritativefigure like the headof the family, groupor, in this case the classbwhich is the

teacher.



WEAVING IN SCIENCE LESSONSIN SECONDARY SCHOOLS

Weaving in this study refers to the degree in which the teacher shifts teaching between and
amongst the levels or kinds of knowledge. It is not just a matter of random shifts or topic
switches, or another form of representation of the knowledge. The teacher would
systematically move students into different, more complex levels or kinds of knowledge,
making connections between these in sophisticated and complex ways. The degree of purpose
of the weaving increases when the teacher indicates clearly the intellectual reasons for the
weaving.

Table 13 - Weaving Type

Cumulative
Frequency % Percent
Valid None 107 67.7 67.7
New-Known 13 8.2 75.9
Tech-Common 6 3.8 79.7
Theoretical-
_ 10 6.3 86.1
Practical
Scientific-
22 13.9 100.0
Everyday
Total 158 100.0

Most teachers observed did not exhibit a great ability or desire to move across subject
OboundariesO while conducting classroom lessons in a specific subject. This becomes more
significant with the low percentage of integration of subjects or topics within the observed

lessons.

Sciencdessondn Singaporeschoolswould be, in Basil BernsteinOsords,would be highly

classifiedby subject.Thereis a low frequencyof instancesvhereweavingtakesplacein



sciencdessongseeTable13). Weavingwasonly observedn 32.3%o0f the lessonactivities.
Although the percentagdor the occurrenceof weavingwas much higherrelative to other
subjectsobservede.g. Mathematics English, Social Studies),the absenceof weavingat a
basiclevel Bthatof integratingthe varioussciencedike biology, chemistryandphysicsbis a
casefor concern.In sucha classroomenvironment,the possibility of weaving between

different subjects is a non-starter.

Changingthe pedagogyof scienceteachingto include more questioning,discussions,
enablinghealthycritique and crossingsubjectboundarieso asto empowerthe studentso
recontextualisescientific knowledgewould be the road to take, so as to nurture sound

scientific minds in the future citizens of Singapore.



SUMMARY OF FINDINGS

Fromthe analysisof the findingsin this study,the featuresof sciencepedagogicapractice

observed in Singapore secondary schools, can be summarised as follows:

¥

Most of the studentsin Singaporesecondaryschools,seemto be engagedduring
sciencelessonsand mostof the scienceclassroontime is spenton curriculumtalk.
The classroompracticeswere found to be heavily teacher-centeredextbook-based
andcontent-orientedthereis comparativelittle sustainedrerbalor otherforms of
exchangedetweenteacherand studentsand betweenstudentsand students.The
lessonobservationshowedhattheteacherslid not provideadequatecaffoldingand
supportthat would have allowed studentsto engagein sustainedor extended
discussion.Rather,scienceteacheramost often conductedmonologuesvherethe
teacherOsoice was the dominant voice heardin thesesciencelessons.The
opportunitiedor studentgo expresgheir thoughtsandopinionsorally wererareand
theserare opportunities for the studentsto interactverbally, were strictly within

teacher-controlled parameters.

Scienceteachingin most schoolsobservedwere basically accomplishedhrough
teacher-fronte@xplanationoupledwith a rathershortIRE sequence$o checkon
the students@omprehensiorgndindirectly the studentséngagemerin thelessonin
afair numberof casesyworksheetsvereusedin placeof the IRE to gaugethelevel of
learningby the studentsin addition,problematicstatementdy the studentarepassed

over, with OcorrectO answers explicitly acknowledged in preference.

Scienceeducatorof todayconceptualisscienceeachingto bealearningprocesdy

meansof negotiationbetweenscienceteachersand students.Such a processis



virtually non-existenin the sciencelessonsobservedn this study.Possiblereaons
for sucha situationwere highlighted by Driver et al (2000), Watson(2004) and
Newton (1999). Driver and her co-researchergswell as Watson,concurwith the
suggestiorthat scienceteachergdo not havethe pedagogicaskkills to interveneand
help studentdn their classdiscussionsNewton,while agreeingwith the formertwo,
defersto the limitations inherentin the present-dayschool systemb namely,
limitations in teacherOpedagogicarepertoiresand the time constraintfaced by
educatorgo completethe curriculum. Thesesuggestedmpedimentsto Oauthentic

science teachingO seem to be relevant in SingaporeOs education context as well.

Sciencetextbooksare the predominanttools usedin the scienceclassroomof
Singaporeschoolsandis closelyfollowed by worksheets/workbook&#lthough the
scienceteacheis the personwho finally decideson theinformationto passon to the
students, the teacherOs reference invariably is the science textbook whenever in doubt.
The relative prevalenceof worksheetswith short Ofill-in-the-blanksQype of
guestionsemphasisedhe scienceteachersand studentsfocus on learningscience
information.In addition,worksheet@andscienceextbookwerewidely utilised during
silentseatworkandsmall groupwork. The whiteboardandOHT wereusedmainly to

display the results of individual or small group work.

Computertechnologyis mainly usedby the scienceteachersasa tool to duplicate
worksheetexercisesand to provide ready-made/prescribeanswers Jeaving little
spaceor time for interactionsand meaningfulnegotiations.ICT is greatly under-
utilised and hardly exploitedto its full potentialin sciencelessonsThe InternetOs

educationalpotential is hardly harnessedn the sciencelessonsor outsidethe



classroom. Using ICT would havegiven the teacherOlgssonan addeddimension,

which would have benefited students of this era who are very much visually acute.

It wasobservedn this studythatmostof the learningtechnologyavailableto teachers
in schoolsaresimply usedto transferold pedagogie$o an electronicmedium.Thus,
althoughadvancesretaking placein both pedagogyandtechnology they aretaking
placeseparatelyThe Singaporegovernmenhasspentmillions of dollarsto procure
high-techhardwareandexecutethe ICT MasterPlansl andll, butwhattranspireon
the Oground®the useof thesehigh-techequipmenin projectworks of thekind that
usedto requirethe usageof scissorsold magazinesandglue in the past.Teacher
notesthat were written onceon transparenciesare now tranferredinto Powerpoint

slides (Bereiter, 2002).

Students@bility to put forth their pointsin verbalor textualmode,andthusgenerate
artefacts,was not emphasisedRather,the focus of the lessonwas in getting the
Oright@nswerand gettingit in the fastestand shortestway possible.The dataalso
indicatedlittle or no emphasign the productionof sustainedexts, either oral or
written. Whenthe studentswere askedto expressheir point of view in a coherent
way, they often faced difficulties as they had very little practicein doing such
activities.Personabr creativeuseof languageandartefactsseemedut of placein

the science classroom.

Since almost all the studentproductswere short oral responsesthe level of
intellectualdemandn the scienceclassroontould be saidto be very low. Sustained

text productionis regardecasoneof the key factorsthatdeterminesuccessfustudent



learningoutcomesandis alsoone of the markersfor high intellectualquality. In a
sensethe sciencepedagogicapracticecan be subsequenthassumedo emphasise
rote, basicconceptuaknowledge.The observededagogicapracticesdo not seemto

favour higher order thinking like analysis, interpretation or synthesis skills.

The classroompracticesfocus almost exclusively on learning of contentand
completingstandardten-year-seriesype of questionsin worksheetslnformation
foundin the textbooksor furnishedby the teachersireacceptedgsthe OTruth@ndis
neverquestionedr critiqued. Every problemor questionsencounteredhn the course
of learning sciencehasa single OcorrectOanswerand this Ocorrect@nsweris
invariablytheteacherGm onethatis foundin the sciencetextbook. The possibility of
having multiple Ocorrect@olutionsto a single problemis never mentionednor
highlighted.All problemshavea definite solution®Bwhich is not the casein the real

world.

Somescienceeachersiavea generallylower expectatiorfor their students@arning
capabilitiesandrateor treatstudents@rior knowledgeto be lower thanit actuallyis.
Thesescienceeachergettheir studentgo underline/highlighpphrasesandsentences
in their textbooksthattheyfeel is importantfor the studentdo know, soasto excelin
theassessmenasks.The studentseldomseento know thereasornwhy somephrases
are highlightedand no one bothersto find out. The generalassumptioramongthe
studentsis that thesescientific phrasesare importantand may Ocomeout in the

exams, so make sure you memorise themO.



CHAPTER V - DISCUSSION AND | MPLICATIONS

DiscussioN
It is crucialto mentionthatthesefindingsarepreliminaryfindings, from which generalisation
could not be easily made, but a few implications for the sciencepedagogyare worth

discussing below.

The scienceteachersobservedin this study, tend to show an overwhelmingsenseof
commitmentto their pedagogicalvork andtheir students Sciencelessonswereratedvery
high on the time spenton curriculum-relatedalk by the teachersStudentswere seento
engagein their learningtasksduring most of the classtime. When studentsengagedn
learningwith their teacherstherewasno evidenceof openresistancendlittle evidenceof
passiveresistanceof statistical significance.In spite of the seemingly high student
engagementalues,therewasno otherevidenceto suggesthatthesestudentsverecritically

engaged.

The scienceteachersin Singaporeclassroomsare focussedon imparting curriculum
knowledgeto their chargesHowever the findings of this studyseemto showthatthe science
teachergyenerallyusethe traditionalteachingstrategiesn their pedagogicapracticesand
lack innovative approachesvhich could have beenusedto stimulatethe interestof their
studentdn science.The classesverelargely structurednto two dominantmodesor phases:
formal teacher-frontedecturesand IRE patternsin the few student-centeredctivitiesthat
wasobservedsuchassmallgroupwork, the studentsveretypically requiredto do exercises
on the worksheetfilling in words or phrasesStudentsextractedmost of thesewords or

phrasedrom their textbooksor notes(providedby the teacher). Therewasno evidenceof



freeflow teacher-studenhteractionor evenstudent-studerdiscussionsTheteacher-fronted
monologuesenderedhe studentsaspassivdistenersratherthanactiveparticipantaswas
mentionedearlierwhendiscussingstudents@ngagementevel. Therigid IRE patternsin the
teacher-fronsetup,decodingword forms and meaningss a departurefrom the real-world
scientificdiscussionsgonceptualisatioandrecontextualisatiomhich a studentof scienceas
expectedo be educatedn, so asto be ableto participateand contributeeffectively to the

scientific community of Singapore and globally.

In one approachto learning,a learnercopiesor modelsthe symbolsand behavioursof
someoneelse.Although the learnerlearns,thereis no new knowledgecreated.In another
approachan unfavourablecomparisonmotivatesa less successfukystemto experiment
without copying.Innovationthatresultin succes@readoptedasa standardoractice,andthe
systemarrivesat a new understandingf how bestto operatein its own context.The total
amountof knowledgeis increasedandfurthermore reflectionon the contrastscanresultin
constructionof higher-orderexplanationgor the disparatephenomenaknowledgegained
throughexperiencas superior,not only for its fit to contextbut alsobecauset facilitates
furtherinnovation.Similarly for students€@arningprocessn schools The currentpracticeof
learningby readingandmemorisingphrasesexperimentsresults,etc without someform of

experiential learning process is doomed to failure (Byrne & Russon, 1998).

Transposingthesetwo typesof learningonto the datain this study, the typical science
classroompedagogyin Singapores more supportiveof imitative learning,ratherthanthe
more superiorexperientiallearning. Sciencestudentswho graduatefrom the Singapore
educationsystemwould tendto be strongon contentknowledgebut weakerin problem-

solving skills and the ability to Othink on the groundO.



We find thatin generalthereis an overwhelmingpredominancef strongclassification-type
teachingandcurricularculturein SingaporeamrlassroomsMost teacherghatwereobserved
exhibiteda lack of ability or desireto move acrosssubjectOboundaries@hile conducting
classroonlessonsn a specificsubjectmatteror topic. To studentof sciencethis givesthe
impressionthat eachdisciplineis independentf the otherandthereis no congruencen
knowledgeamongthe varioussciencedisciplines,let aloneothernon-sciencdields. Sucha
view amongstudentgloesnot dovetailwell with the desiredgoalsandoutcomef education

of the Singaporean government.

| MPLICATIONS

In the internationalarena,scienceeducatorhavesuggestedhat manybenefitsaccruefrom
engagingstudentsn scientificactivitieslike experimentsinquiry learning,etc (Garnettet al.
1995; Hofstein and Lunetta, 2002, Lunetta 1998, Tobin 2004). More specifically, they
suggestedhat, whenproperlydevelopedinquiry-centeredgsciencdessondhavethe potential
to enhancestudents@eaningfullearning,conceptualinderstandingandtheir understanding
of the natureof sciencelnquiry-type experienceshothin the sciencelaboratoryandin the
scienceclassroomareespeciallyeffectiveif conductedn the contextof, andintegratedwith,
the conceptsbeingtaught.Sciencehasto be presentedo the studentsn wayswherethe
theoryis connectedo the childOsvorld, their day-to-dayexperiencesClinging to the old
methodsof instructionof memorizationof factsand meaninglessasks-dominateteaching
(worksheetculture) andleadsto uncouplingof the childOsvorld from the scientific world.
The consequencef suchan uncouplingwould resultin studentshatingscienceandshying

away from science related careers (Solomon, 1991).



Authenticlearning,accordingto Fred Newmannand his co-researcher§l995),is directly
relatedto meaning-makingand henceto levels of engagemenbdf the studentsin the
classroomAccordingly, the level of studentengagemenin the classroomwould determine
the degreeof transferof learningto issuesand problemsfacedoutsideof school. This is
relevantto the Singaporearontext.In 2001,the thenMinister for Education Mr Teo Chee
Heanstatedin a policy speectthat, OE we (the Singaporegovernmentyecognisethat mere
knowledgeis not enough.It is the ability to createand use new knowledgethat is more
crucial.OAs suchfrom the policy makersstandpointthe ability to generatsmewknowledgeis
valued more in a studentof the 21* centuryratherthan the collection of Osecond-handO

knowledge.

Robin AlexanderO&emergingpedagogyof the spokenwordO (2005b) envisageshow the
powerof talk canbe harnessedbo shapechildrenOthinking andto securetheir engagement,
learningandunderstandingn the 21 century.Although he proposeshis with referenceto
elementaryand primary schoolchildren, it is relevantto studentslearningscienceat the
higher levels too. He suggestOdialogicteachingCas an exampleof what he termsthe
Oemergingedagogy@ialogic teachingis distinctfrom IRE, question-answeandlisten-tell
routines.It is more systematicallysearchingreciprocal,extendedandis propelledby deep
knowledgeand understandinggonsistentwith the rich Vygotskiantradition and BrunerOs
conceptof scaffolding.Dialogic teachinggoesbeyondthe OArgumentatioiheoryGof Kuhn
andothers.Dialogic literacy is definedby Bereiterand Scardamalig2005) asthe ability to

engageproductivelyin discoursewhose purposeis to_generate new_knowledge and

understanding. The authorsfurtherproclaimthatdialogicliteracyis thefundamentaliteracy

for a knowledgesociety,and educationapolicy needsto be customisedso asto makeit a

prime objective.



Sciencepedagogyin Singaporeschoolsis heavily weightedtowardsthe lower orderthinking
skills. The currentsituationwould ensurethat Singaporescoreshigh in the TIMSS testing,
but that doesnot neccesarilftranslateto a future workforce with the ability to adaptto the
ever-changingeedf SingaporeGesconomy Thereshouldbe morehigherorderknowledge
manipulationin thesesciencdessonslike knowledgecritique, synthesisandreformulations
or recontextualisationsf scientificideasby the studentsSimpleregurgitationin the form of
repeatingwhat is found in the textbookor the teacherOsotes,memorisationof scientific
phrasesand definitions without understandingfilling in the blanksin the worksheet etc,
which seemto be prevalentin Singaporescienceclassroomsresultsin superficial
understandingf scientific conceptsThe sciencelessonsobservedn this study,lacksboth
extendecbral andwritten expositionof studentsGnderstandingandscientific Oconversations
or dialogue@ nonexistentin sciencdessonsThis scenarids typical of mostsciencdessons

in Singapore schools.

At atime wherethe SingaporeGeconomyis repositioningtself moreintensivelyinto science
relatedindustrieslike nanotechnologypetrochemical&nd genomicsthe probableresult of
currentsciencepedagogywould not be too helpful to propel Singaporeinto the next era
where cutting edgetechnology-basetdhdustrieswould lead the economiesof the world.
TakentogetheBthe patternsof instructionandcurriculumdescribedn this reporthighlight
the limitations of the currentsystem.For Singaporeto advanceto the OnexstepOn the
developmentbf scienceteaching,there hasto be a shift towardsmore student-centered
discussionsvhich engageghem effectively and wherethe studentsfeel no restrictionin
exploring possibleratherthan probableanswersto scientific problems.Only in a climate
where student-teacheinteractionsand student-studeninteractionsare prevalent,where

askingquestionsbecomessecondnatureto aspiringscientistswould we seetrue scientific



learningtaking place.Suchan educationaklimate would augurwell for producingcitizens
with low risk-aversiorandwho would be well-adaptedo the dynamicsetsof requirementsf

the knowledge economy of the future.

It may well be that, if teachersdominatethe classwith monologuesand the rigid IRE
patterns studentsare very likely to losetheir interestand motivationfor learningscience.
Giventhelack of generativescientifictext productionb eitherspokenor written Bthereis no
way for the teacherto ascertainthe misconceptiorcreatedin the students@inds, asthe
personwho is verbalisingnearlyall the time in the classis, alas,the teacherTherefore we
can concludethat in secondaryscienceclassroomghe emphasiss firmly placedon the
teachingof basicskills. Moreover,basicknowledgeis often presentedn a decontextualised
manner without focusingon the activereal-worldre-applicationecontextualisatiof the
scientific knowledgebeing learned/taughtChangingthe pedagogyof scienceteachingto
include more questionings,discussionsgnabling healthy critique and crossingsubject
boundarieso asto empowerthe studentdo recontextualisecientific knowledgewould be

the road to take to nurture sound scientific minds



CHAPTER VI B CONCLUSION

Initiativesin schools)ike the ProjectWork Initiative, ICT MasterPlansl & 2, areexamples
of schools@ffortsto broadenlearningin the classroomSuchinitiativesGucceswill relate
increasinglyto the waysin which experiencegainedduring schoolingyearscanenculturate
studentdor the future. Theseexperiencesnustberich in relevanceo the childOsvorld, for
students@mmediatelearning and for the applicationand transferof their learning to
educationalyocational,socialandcivic settingsin the future. The observededagogyn the

science classrooms of Singapore does not seem to be aligned to such goals.

The Singaporesducatiorsystemis positioningitself to generateOthinkingflexible, proactive
workersJor the future needsof theislandnation. Her industryleaderdamentfor creative
problemsolvers,smartworkersskilled enoughto movewith newtechnologiesandwith the
ever-changingcompetitiveenvironment.The Singaporeeconomyneedspeoplewho can
think in innovative and novel ways, who are comfortablein articulating problemsand
envisioningsolutionsbeyondthe conventional so asto beatoff the stiff competitionfrom

growing, fledgling economies in the region.

JohnDewey (1902)usedthe phraseCBisypheanCycledto describethe failed reformsin the
United Statesin the earlierpartof the 20" century.Singaporeans/ould bearwitnessto many
aCBisyphearCycle®in Singaporeeducatiorsystemjf thetrue natureof the reformsandthe
reasonsfor its failures or intransigenceare not recognised.lt would be foolhardy to
implementreformsafter reformsto enactthe requiredchangesf the complexnatureof the

situationin the schoolstheimpedimentdo reformsthatis consistentlyfacedby theteachers,



schooladministratorandthe stakeholdersthe parentsarenot highlightedandaddresseadr

alleviated.

The OblindspotOmentionedn theintroductorychapterof this dissertatioraboutthe possible
reasonsfor the conflict betweenSingaporestudents@onsistentlyoutstandingTIMSS
performanceandthe percievedow levelsof conceptualinderstandin@f sciencegraduates
from the Singaporeeducationsystemneedso be acknowledgedReferringbackto the four
researchyuestiondor this study,in reverseorderbin orderto envisagesciencelessonsn
Singaporeschoolswhich canproducestudentavho areableto exhibit critical thinking®, the
studentsneedto be immersedin higher order knowledgé of critique, discussionsand
intellectualnegotiations.To enablea discursivelearning processsteepedn higherorder
knowledge,would needappropriate and relevanttools’ to be usedby the teacherand
authenticartefacts to be generatedby the studentsTo facilitate sucha classrooninteraction

and culture, thactivity structure$and choice of pedagogy is paramount.

This dissertatiorgivesthe readersan insight, a window, into the learningenvironmentand
the factors at play in a typical Singaporearsecondaryscienceclassroom.The major
significanceof this dissertationas pointedout by an educationalresearcheand teacher
trainer,is thatnobodyhasgoneinto this manyclassesn somanyschoolsandstayedfor the
durationof a few lessonqdecidedby the teacherdhemselvesand collectedthis amountof
datato basetheir findings on. As such,the findings shouldprove usefulfor furtherresearch

into Singapore science teaching

CGend of dissertationO
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Appendix A — The Singapore Coding Scheme

Framing hour | min Knowledge Classification Weaving
Time begin: Artifacts Other Within Phase: Other
Phys Arrange: Teacher's Tool: Type:
Class Size: Student's Tool: Between Phases:
Topic: Student's Product, Type: Type:
Lesson number: Student Product, Group/Indiv:
Homework Assigned: Describe:
Social/Cog
Support
Expectation: Source of Knowledge:
Warmth: Stated Rationale:
Encouraging:
Single/Multi Discipline
Proportion
engaged: Single Discpline:
Several Disciplines:
Ethos Integrated Project:
Individualism:
Self-expression: Depth of Knowledge
Factual/Rote/Basic:
Procedural/ How to:
Phase: Advanced Concepts: Optional Addenda
Relate Fact-Concept: Notes:
Talk
Procedural: Knowledge Criticism
Behavioural: Truth:
Test Strategy: Comparison:
Content: Knowledge Critique:
Informal Chat:
Talk Time: Knowledge Manipulation
hour [ min Reproduction:
Time end: Interpretation:

Application/Prob Solving

Generate New Knowledge:

Specialized Language:




Appendix B — Notes from IRR meetings (excerpt)

IRR

The categories of Expectation, Depth of Knowledge, and Knowledge Manipulation will only
be compared for discipline groups watching their subject area. All other categories will be
coded across all groups.

Product:

Q: Group of students discussing and then filling out individual pieces of worksheets should
be group work?

A: No, should be individual. We capture group work under phase. An example of group
produced work would be one sheet of butcher paper that the entire group worked on.

Talk:
Record percentages of official talk in the classroom.

Q: If phase is group work and a few kids are chatting how to grade informal chat?
A: Ignore. We will capture off task talk in percentage engagement.

Talk time: includes both teachers and students talk.

Product:
Q: Does worksheet overlap with short written answer?
A: Short answer = two or more grammatically formed sentences

Source of Knowledge

Q: Teacher said: You have read the chapter so you should know the information to complete
the worksheet. If you donOt remember ask the student next to you. Is source of knowledge
textbook or student?

A: Source is still textbook. Ask yourself: WhatOs the Master Discourse? WhatOs the source of
truth? In many cases, students are only acting as a cipher for the textbook. WhatOs the final
authority? In this case if student and textbook disagree textbook will trump.



Appendix C — The Singapore Coding Manual

CODING INSTRUCTIONS

CODING INSTRUMENT

For the blue cells in the excel worksheet, numbers are to be keyed in. For the yellow cells, a
description is needed.

LESSONS AND UNITS

All lessons in a designated unit/topic of the subject are to be coded. The unit can range from 3-7
lessons but where practical should not exceed a week of school based observation.

TIMING

Keep a watch running during your observation and make notes as the phase moves along. You will
have to allocate approximate times in percentages to kinds of talk and the overall phase.

END OF UNIT OVERVIEW

At the end of each unit, you should complete an overview coding sheet that comments holistically on
the overall quality, focus and success of the unit as a whole. On this overview you should make your
qualitative observations on the unit. You may wish to make notes as you go and summarise them on
completion. You may offer note form, point form or prose. Do not worry about your expression, just
write simply and clearly. In particular, take note of the general organisation and 'flow' and structure of
the unit. In addition, you should pay attention to the general development of the students.

Evidence of Coherence

What is the evidence for coherence in the unit as a whole? For example: Think of a paragraph in
contrast to a random set of sentences. In the paragraph, sentences cannot occur in any order; there
is a structure that creates a coherent whole. Is there logic to the sequence of activities and lessons?

Evidence of Progress

What is the evidence that there is not only coherence but progress in the studentsGunderstanding,
knowledge, and skill? Is there evidence that they are at a different place in their academic
development at the end than they were at the beginning? Focus here less on progress shown in what
is presented to the students and more on evidence from studentsCoverall understandings expressed
in their oral discussions and written work.

Evidence of Weaving

What is the evidence of weaving, as defined in the coding sheets, across the unit as a whole that is
not evident within the smaller phases? In addition, what is the evidence of explicit weaving across
timeNwhere the teacher refers backward and or forward to what they have done, learned etc. or will
do soon.

Use of Information Technology
Has there been a coherent or consistent use of IT as part of the Unit? Has it enhanced the academic
and intellectual outcomes of the Unit? Has there been weaving across the unit between media (e.g.,
traditional print, video, online)? Has IT principally been in teacher presentation or have the students
produced digital artifacts? Are they multimodal? Comment on their depth and substance.

Curriculum-specific features

Whereas the above three sets of questions should apply to all units, there are important questions
about how Math, Science, and English weave together and integrate curriculum-specific features.
Focus on whether you think the students have been effectively or successfully engaged with these
goals, or, for that matter, about whether these goals were addressed at all.



Math: What was the relationship between, and relative weight given to, the dual goals of efficient
procedural manipulation and deep conceptual understanding? To achieve these goals, the Singapore

curriculum model involves integrating Oconcrete, pictorial, and abstract Orepresentations of
mathematical relationships. How were these included, and sequenced, across the unit?

Science: Here, OinquiryO is the curriculum model, involving both hands-on activities for students and
teacher-led discussions for conceptual understanding. How were these included, and sequenced, and
integrated across the unit?

English: Pre 2001, the English curriculum had a OcommunicativeGemphasis, based on the
assumption that if students focused on comprehending meaning, the language forms expressing
those meanings would be learned implicitly. The current syllabus represents a deliberate shift to more
explicit attention to language form--sentence-level grammar, and larger text structures such as
paragraphs and genres. What was the relative time and attention devoted to meaning and form, and
how were the two specifically related.

Mother Tongue: The aim of mother tongue is to teach language in the context of cultural values.
Which emphasis is apparent? Is there a weaving or integration of language and cultural issues? In
terms of overall instructional focus, is there a particular approach to language teaching apparent? Or
is it an eclectic approach? What linguistic unit (e.g., vocabulary, syntax, genre) that has been featured
most prominently?

You should be fill in the overview worksheet in the coding instrument. The following is an example of
this worksheet.

Across the unit

Theme of Unit Antarctica

Evidence of coherence The unit is organized into reading, listening and writing on the topic of Antarctica.
Overall, it is coherent but (1) it is at times repetitive, e.g., listing of websites and
textbook info without critiquing the info contained. (2) the topic of Antarctica makes
little sense to tropical Singapore P5 kids. And they are going to write some journal
entries on this. It is like asking them to reflect on their personal experience of
walking alone a snowy night through a forest. Point two is not the fault of the
teacher by the textbook authors

Evidence of progress Pupils have a better grasp of grammar points (connectors) and structure of journal
entries. But little evidence that they have better understanding of Antarctica.

Evidence of weaving Yes. Phase 3 which offers an info report on Antarctica is referred to and
elaborated/exemplified in later phases.

Use of IT Teacher makes an effort in integrating IT in teaching but as said above, overuses
it.

Curriculum specific

Math
Procedural manipulation
VSs. Conceptual

understanding

Science
Inquiry
English Meaning is given more emphasis than form. Teacher uses KWL (K= what you
Meaning vs.Form know, W=what you want to know, L= what you have learnt from this lesson/text)

method to teach reading/writing.

Mother tongue
Language vs. Culture




The curriculum questions in the overview are general. As curriculum experts, you should raise any
apparent curriculum issues that are central to the field you are observing.

PRINCIPLES OF OBSERVATION
Observe. DO NOT overthink or overread. Only report what is observe, not what you like or prefer.

FIELD NOTES

You will be able to make some observations as each phase moves along. If not, you may wish to
make a OrunningrecordQof the phase as it proceeds, then making your coding entries afterwards.
There is a place for you to make anecdotal notes. This is for Oflagginghe transcript for further
detailed attention in Panel 4. You should include information on the following:

Thematic unit B indicate the title of the unit observed

Topic B indicate the subtopics within a lesson

Sequence of main activities B describe the sequence of main activities in prose
Taped group interactions b indicate if this is present for the purposes of transcription
Materials B specify title of materials used during instruction if you can

K K K K K

TEACHER ASSIGNMENT/ASSESSMENT TASKS AND RELATED STUDENT WORK

You should arrange for photocopying access at the school if possible (reimbursing the school for any
costs). Samples of extended and sustained student writing are of particular importance. At the end of
a lesson, you should collect the following:

Unmarked Student Work

(i) Classwork: A copy of the teacher’s task questions and TWELVE (12) samples of
student work: 4 high-quality, 4 medium-quality, and 4 low-quality as considered by the
teacher. You should photocopy them, and file them with your coding sheet for the lesson.
You should tag each piece of student work according to school code, classroom code,
teacher code, subject, grade level, stream, studentOsNRIC, and sample ID. Please
ensure that the teacher has: (a) labeled the quality of student work on each piece of
student work according to High, Medium, and Low, and (b) answered all the questions on
Cover Sheet A.

Marked Student Work: (Panel 5’s Logistic RA will help with this)

(i) Homework: A copy of the teacher’s task questions and TWELVE (12) samples of
student work: 4 high-quality, 4 medium-quality, and 4 low-quality as considered by the
teacher. You should pass the Olnstructionsto TeacherOsheet and Cover Sheet B to the
teacher and the Logistic RA will make an arrangement with the teacher to pick up the
homework assignments.

Logistic RA should photocopy them and tag each piece of student work according to school code,
classroom code, teacher code, subject, grade level, stream, studentOSNRIC, and sample ID. Please
ensure that the teacher has: (a) labeled the quality of student work according to High, Medium, and
Low, and (b) answered all the questions on Cover Sheet B.

(iif) Major Assignment/Project: A copy of the teacher’s task questions and TWELVE (12)
samples of student work: 4 high-quality, 4 medium-quality, and 4 low-quality as
considered by the teacher. You should pass Cover Sheet C to the teacher and the
Logistic RA will make an arrangement with the teacher to pick up the major
assignments/projects.

Logistic RA should photocopy them and tag each piece of student work according to school code,
classroom code, teacher code, subject, grade level, stream, studentOs NRIC, and sample ID. Please



ensure that the teacher has: (a) labeled the quality of student work according to High, Medium, and
Low, and (b) answered all the questions on Cover Sheet C.

(iv) Test (if any): A copy of the teacher’s test questions and TWELVE (12) samples of
studentsOanswer sheets: 4 high-quality, 4 medium-quality, and 4 low-quality as
considered by the teacher. You should pass Cover Sheet D to the teacher and the
Logistic RA will make an arrangement with the teacher to pick up the tests.

Logistic RA should photocopy them and tag each piece of student work according to school code,
classroom code, teacher code, subject, grade level, stream, studentOSNRIC, and sample ID. Please
ensure that the teacher has: (a) labeled the quality of studentsOGanswer sheets according to High,
Medium, and Low, and (b) answered all the questions on Cover Sheet D.

VIDEOTAPING

Some of the teachers observed will be designated for Panel 4 videotaping either during the
observation period or later. The principal criterion is high quality teaching/teachers. If and when an
excellent teacher is observedb you should contact the Panel 4 Project Manager immediately. We will
then decide if we are going to videotape during that week or at another point during the core.




NOTES ON CODING ITEMS

FRAMING

For each phase, the duration and order of phase, the physical arrangement, the class size, the
topic(s), the lesson number, the date, the sequence of activities must be noted.

Time Begin:
Each phase should have a minimum duration of 5 minutes. Use the international convention (13 hours
25 min). Key in the hour in the hour cell and the minutes in the minute cell.

hour Min
Time begin 13 25

The OTime End® item is located before OSOCIAL SUPPORTO.

Physical Arrangement: Code as phase change if physical arrangement changes (e.g. break into
clusters for group work).

1 = Single Column

2 = Double Columns

3 = Cluster (Indicate number in cluster)

4 = Floor Group Seating

5 = Laboratory Benches

6 = Table Rows

7 = Other (Please specify)

Class Size: In this slot, indicate the class size.

Topic(s): In this slot, indicate the topics/subtopics that are dealt with during the lesson. For instance,
under the thematic unit of OConflict@he subtopics in a lesson could be ODefinitiorof conflictOOConflict
resolutionO, etc.

Lesson Number: In this slot, write the lesson number in the unit.

Date: In this slot, write the date of the lesson

Sequence of Activities: In this slot, indicate the sequence of activities in the lesson using prose. For
instance, the sequence of activities in an English lesson might have been as follows: OFirsthe teacher
gets the students to read aloud a passage. Then the students get into groups and discuss a series of
comprehension questions. This is followed by presentation of student answers.O

PHASE

Each Ophasef a lesson should be coded on a separate excel worksheet. Phases are defined as
distinct shifts in QactivitystructureQ(e.g., whole class lecture to whole class answer checking to small
group work = 3 phases). Most lessons will not exceed 3 or perhaps 5 phases. Phase should be
identified according to the sustained activity. Do not mark digressions as changes in phase. If an
activity lasts less than 5 minutes, it should be treated as a digression from a larger phase. E.g. Where
the sustained phase is Whole Class Lecture with minor shift, for instance to IRE, it should be coded
as one phase of Whole Class Lecture. Take some time to examine the discourse structure if the
framing is unclear during the lesson.

1 = Whole Class Lecture (Monologue)

2 = Whole Class Elicitation and Discussion
3 = Whole Class Answer Checking (IRE)

4 = Choral Repetition and/or Oral Reading

5 = Individual Seatwork

6 = Small Group Work

7 = Test Taking

8 = Whole Class Demonstration or Activity



9 = Student Demonstrations/Presentations
10 = Laboratory/ Experiments

¥

Whole Class Lecture (Monologue): Stand up teacher talk, no sustained dialogue or
exchange. Teacher does at least 70% of the talking. Student questions are not significant,
i.e., teacher is not really listening to the answer or teacher is asking questions that may
not meaningful to the understanding of the lesson. May include short bursts of IRE or
other discussion.

Whole Class Elicitation and Discussion: Substantive questions, open ended questions,
student talk extends, teacher uses a range of strategies to open up discussion (e.g., wait
time, holding back on evaluation, extension or redirection moves). Teacher may request
and record or note student contributions verbally or on whiteboard, less explicit evaluation
of worth or value, more free flowing discussion, students in dialogue with other students,
teacher connections between comments, ideas and redirection. The following excerpt is
an example of discussion:

Student 1: (Giving presentation) You should know of this person, Mohandas Gandhi.
| have the picture to show you afterwardsE He is actually a nationalist
leader and he spent his life campaigning for human rights in India. He
worked to improve the status of members of IndiaOdowest social order,
formerly known as the Untouchables, which means children of God.
Yeah, these are the Untouchables in India.

Teacher:  Any questions about the Caste System?
Student 2:  You know the Mohandas Gandhi, right?
Student 1: Yeah, yeah, yeah.

Student 2: You said he was a nationalist leader and what does it mean to be a
nationalist leader? What is a nationalist?

Student 1: Nationalist is so called like last time you call it the, what you call the, so
called, yeah, governor, governor. So called governor. So actually, heOs
just like anyone on the streets. He will look like a beggar, beg for food.
He might just go one day without anything, without eating anything lah.

Student 2: And heOs the governor.

Student 1: So called governor.

Student 2: When he goes toE

Student 1: He is trying to promote the rights of the Untouchables in India. Get what |
mean, ok?

Teacher: Any other questions on the Caste System?

(Excerpt from classes observed in the Digital Curricular Literacies Project)



¥ Whole Class Answer Checking (IRE): Teacher solicits, student responds, teacher
evaluates; repeated pattern. Teacher asks serial questions for which there is a specific
answer that s/he is seeking. Another example is reviewing the answers on a worksheet,
one question at a time. For example:

Teacher:  Our last lesson we stopped right here. About factors promoting the growth of
civilization. In general, key ingredient will be?

Class: Water.

Teacher:  Water, right? E What are the major ingredients that will be provided by
water?

Class: Food source.

Teacher:  Food source. True.
(Excerpt from classes observed in the Digital Curricular Literacies Project)

¥ Choral Repetition or Oral Reading: Chanting, singing, choral response, reading aloud
singly or together of pre-prepared texts. Often found in primary language lessons and
mother tongue. You may aggregate this into a total duration of time.

¥ Individual Seatwork: Students do their own work.
¥  Small Group Work: Students work in small groups.
¥ Test Taking: Students take tests, quizzes or examinations.

¥ Whole Class Demonstration or Activity: Teacher initiated and guided whole class
game, activity. Includes demonstration game; science lab demonstrations. Can involve 2
or more students.

¥ Student Demonstrations/Presentations: Student report back, demonstration at
whiteboard, show and tell; presentation of studentsOwriting or text. Include OHT
presentations; formal presentations; presentation of results from experiments.

¥ Laboratory/Experiments: Students do experiments or laboratory work.

Taped Group Interaction:

Note that during small group work, coders are required to move tape recorders at the side and the
back of the class and place them in the centre of two groups so that group discussions of at least two
groups can be captured. If such group interactions have been recorded, this has to be keyed as 010
for OYes(n the excel sheet under the phase of Osmalgroup work3so as to facilitate transcription work.

If they have not been recorded then key in O00 for ONoO.

0=No
1=Yes

PROPORTION ENGAGED

This refers to the proportion of students paying attention. For example, if only 4 out of 40 students
were not paying attention, it should be coded as 100%.

0=0%

1=25%
2 =50%
3=75%
4 = 100%

TALK



For each of the sub-items on talk, estimate the percentage of time spent on different types of talk.
Round up or down to the nearest multiple of 5. All the different types of talk should add to to 100%.

Percentage Talk: Refers to the percentage of time spent on teacher and student talk during a given
phase. Aggregate from whole phase and estimate total percentage. However, it does not include 2
students at the back of the room chatting while teacher lectures. The following table is an example:

Talk:

Organisational: 10%*
Regulatory: 20%*
Test Strategy: 15%*
Curriculum-related: 50%*
Informal: 5%*
Percentage talk: 30%

N.B. All the percentages in asterisk add up to 100%

¥ Organisational Talk: Organisation of phase and/or lesson, framing of activities,
instructions, set up, moving of bodies, space, whatOscoming next, transitions,
school/classroom administration talk, canteen rules, upcoming school events, etc. An
example will be:

Teacher:  Second half of the lesson, we will be doing the Shang Dynasty but before
that, you have to finish your walking gallery tour, and your walking gallery
judging. Later on, at the end of the lesson, | will get the History rep to go
and count the number of votes. 10nsure sheOsan impartial lady, alright? So
she is going to go around and collect the votes, and we will know who are the
winners.

(Excerpt from classes observed in the Digital Curricular Literacies Project)

¥ Regulatory Talk: Discipline, behaviour management, class and student control talk by
teacher. Some examples are:

Example 1:

Teacher:  Hands up, please. Hands up.

Example 2:

Teacher:  Look at your own watch? The lesson starts at 8.30am, isnOt it? Yes or no?
Class: Yes.

Teacher:  What did | say from my very first lesson? You have to reach the lab or any
place | am holding my lesson within 5 minutes, isnQit? Similarly, | do the
same thing, right? | try to go to your class within 5 minutes, and the lesson
starts within 5 minutes, right? | donOwant to waste time and | donOwant you
to waste your own time as well. Now, do you realise that today, almost every
practical lesson | have with you, you have a problem reaching this 5 minutes
target. This 5 minutes goal. [Teacher continues for 7 more teacher-class
interactions.]

(Excerpts from classes observed in the Digital Curricular Literacies Project)

¥ Test Strategy Talk: Explicit reference to testing, exams or test requirements; may include
advice on how to take tests, e.g., OThis will be useful when you take your O- levels examO.

¥ Curriculum-related Talk: Any talk about the actual content or skills to be taught.



¥ Informal Talk: Digressive whole class talk with teacher. Do not include a group of
students chatting in the classroom, e.g., background talk. E.g. Teacher talks about the
weather when it has no bearing on the topic taught. Teacher calls for time-out and chats
with students.

SOCIAL SUPPORT

Encouragement: Teacher is supportive and positive to students through affirmation, praise, warmth,
verbal support and encouragement. Explicit is verbal; implicit is behavioural, affective, perhaps
gestural.

0 = Explicitly discouraging
1 = Implicitly discouraging
2 = Implicitly encouraging
3 = Explicitly encouraging

An example of this is:

Teacher: Come on, boys. Boys, have to do more pair work. The girls are sharing their
information better. The boys are too solo. You all are selfish, maybe? Come
on, do more pair work. Ask each other questions while reading. ItOseasier
and itOsfaster. [This can be seen as encouraging, depending on the
teacherOs tone.]

(Excerpt from classes observed in the Digital Curricular Literacies Project)

ETHOS

Student Voice: This refers to teacher-led and/or teacher encouraged student self-expression.
Extended student discourse beyond short or structured answers and responses. For example,
teachers encourage student debate, student independent expression, personal opinions, and
differences in point of view.

0 = Nil

1=Alittle

2 = Sometimes

3 = Almost always

KNOWLEDGE CLASSIFICATION

The focus here is on how knowledge is presented and represented to students. The focus is on
teacher-led observable behaviour. The scales are coded on depth or complexity.

Source of Authoritative Knowledge: Where does knowledge come from? What is referred to as the
key or central source of knowledge? What sources are the OfinahrbiterOs@f Otruth@r validity or value.
Where does the ObuckstopOUnless the teacher explicitly refers to/uses another source, it is teacher.
For example, where the teacher is using the textbook but not referring to it, code the source as
teacher. Where the teacher explicitly refers to the textbook as the source, code as textbook. Tick the
major source of authoritative knowledge. Some examples are:

1 = Student

2 = Teacher

3 = Test/Exam
4 = Textbook
5 = Internet

6 = Data

7 = Mass media
8 = Other (Please specify)

Example 1 (the Bible):




Teacher: Well, any questions? Yes?

Student 1: Could this flood be linked to NoahOs Ark?

Teacher: Oh! In the bible. | think itOsOld TestamentE (Student 1Osname), | think
there are not too many Christians out here so they may not know NoahOs Ark.

Student 1: God sent it.

Teacher: ItOs God send one, but what about historical proof?

Student 2: All these are religion, and E

Teacher: All these are religion but sometimes, you can always use History to try, to

decide whether there was a flood here.

Example 2 (the textbook):

Teacher: This exercise is basically an overview. Let us look at China, India and
Southeast Asia again. WeOvealready completed the textbook, what is
required to know. Let us look at it carefully again.

(Excerpts from classes observed in the Digital Curricular Literacies Project)

Stated Teacher Rationale for Phase: TeacherOsverbal explanation explaining reasons for lessons,
teaching and learning. There is no default choice. This has to be explicitly stated by the teacher.
Please code under Nil if there are no such statements. Pick one rationale for each phase.

0 = Nil

1 = Intrinsic Rewards

2 = Institutional Performance
3 = Disciplinary Knowledge
4 = Functional Use

5 = Moral and Ethical Values
6 = National Interest

¥ Intrinsic Rewards: Knowledge or learning is valuable in and of itself.

¥ Institutional Performance: Reasons related to school performance, e.g., test,
examination, overall performance.

¥ Disciplinary Knowledge: To improve understanding of the subject or to be a practitioner of
a field or discipline, e.g. Science, and Maths. Prerequisite knowledge.

¥ Functional Use: For use in society, at work, and in everyday communication, etc.

¥Moral and Ethical Values: To make student a better person. May be related to family,
religious and cultural values.

¥ National Interest: For the good of the nation, state, government, economy.



TEACHER’S AND STUDENT’S TOOLS

This refers to the tools through which text, image or knowledge are presented and handled. For
studentOstools, it must be used by the majority of the class, not just a few students. Teacher and
student tools can be the same or different. If the teacher copies something from the textbook onto the
whiteboard, overhead or powerpoint b the item should be marked as powerpoint.

Note: Scientific or mathematical apparatus may include manipulatives, calculators, traditional
laboratory equipment. Art materials should be coded under Other .

Teacher’s tools
0 = Nil
1 = Whiteboard
2 = OHT/Visualiser
3 = Powerpoint

4 = Textbook
5 = Worksheet
6 = Internet

7 = Scientific or Mathematical Apparatus
8 = Other (Please specify)

Student’s tools
0 = Nil
1 = Whiteboard
2 = OHT/Visualiser
3 = Powerpoint

4 = Textbook
5 = Worksheet
6 = Internet

7 = Science or Mathematical Apparatus
8 = Blank Paper
9 = Other (Please specify)

Student Produced Work: For major sustained text, it should be coded as sustained oral response or
sustained written text. For work like mind-mapping on wide-paper in science, please code under
Other.

0 = Nil

1 = Short Oral Response

2 = Sustained Oral Response

3 = Written Multiple Choice/Fill in the Blanks

4 = Written Short Answers

5 = Sustained Written Text

6 = Multimodal Text

7 = Combination Written Text (Please specify)
8 = Other (Please specify)

Short Oral Response: Short answer, word, phrase, single or double sentence utterance
Sustained Oral Response: extended utterance, explanation, verbal explanation beyond
double sentences

Writen Multiple Choice/Fill in the Blanks: word or tick box answer

Written Short Answers: sentence or less writing

Sustained Written Text: paragraph or more level written text

Multimodal Text: combination of visual, digital, traditional print, spoken, any of the above
Combination Written Text: that mixes any of the above

K K

K K K K K



Materials

In this particular slot, fill in the title of the handout or worksheet used during the phase of instruction.
For instance, during a phase of OteachemonologueQif the students are referring to a handout entitled
ODinosaur@r Oworksheet1Othen this title has to be recorded in this slot. Write the name of the
textbook referred to and the page number of the book.

SINGLE/MULTIPLE DISCIPLINES
Please define discipline as according to the ones available in the syllabus; i.e. English, Maths,
Science, Social Studies, Mandarin, Malay, and Tamil.
¥ Single discipline:

0 = Nil

1=Alittle

2 = Sometimes

3 = Almost always

¥ Several disciplines: The disciplines may not be integrated.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

¥ Integrated project: For integrated projects, include both formal Oprojectwork®and also
integrated activities, problem-based learning, task-based lessons. The focus must be
sustained and bring together different knowledges to bear on a specific Owhole@sk pr
activity to be completed by the students.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

DEPTH OF KNOWLEDGE

Taxonomic orders of knowledge as presented. Please note the difference between the definition of
Procedural here and OorganisationaltalkOunder Framing above. Here it refers to the task itself. That
is, the how to and practical application of the knowledge. OBasic®@onstituted in relation to
age/background of children, grade level, and syllabus/field conventions.

¥ Fact/Rote/Basic: representation of basic facts, information from the field, ObasicO
constituted in relation to age/background of children, grade level, and syllabus/field

conventions.
0 = Nil
1= A little

2 = Sometimes
3 = Almost always

¥ Procedural/How to: explication of strategies, procedures and applications.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

¥ Conditional knowledge/When to: appropriateness and understanding of context of
application, why certain procedures or strategies are used or in what circumstances one
procedure or strategy is preferred over another.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always



¥ Advanced concepts: elaborated or deep concepts from field or discipline, Oadvanced®
construed in relation to age of children, grade level and syllabus/field conventions.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

KNOWLEDGE CRITICISM

This refers to the explicit critique of knowledge. That is, second guessing it, criticizing it, asking how it
might be erroneous, misleading or problematic.

¥ Truth: there is only one right answer, usually the teacherOs answer.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

¥ Comparison: students manipulate different sources, ideas to compare and contrast. An
example of this will be:
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

Teacher:  Now you can start reading the readings, alright? As you are reading, | would
like you to bring along your highlighter, ok? Go through some highlighting. In
History, you have learnt consistency. One question, boys and girls, is this
reading consistent with the content found in your textbook? You can try to
locate 2 consistencies for me and if you can, 2 forms of inconsistencies. If
you have finished, you can compare with the content in your textbook. Then
you can compare the information and to detect consistency, such as the

years involved, the locationE
(Excerpt from classes observed in the Digital Curricular Literacies Project)

¥ Critique: students actively challenge the validity of the sources of knowledge and/or the

claims made.
0 = Nil
1= Alittle

2 = Sometimes
3 = Almost always

KNOWLEDGE MANIPULATION BY STUDENTS

Student handling, construction and deconstruction of knowledge.

¥ Reproduction: Regurgitation/Copying/Repeating of what was taught.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

¥ Interpretation: Creating a plausible explanation among choices.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

An example will be:



Student 1: Bricks of the same size.

Teacher:  So what does bricks of the same size tell you?

Student 1: There were these very skilled craftsmen.

Teacher:  Skilled craftsmen, good. Bricks of the same size, skilled craftsmen. That is a
proper relationship. What about roads, buildings, and the pattern of
buildings?

Student 2:  Well-organised.

Teacher:  What tells you about the organization of the government? What tells you?

Student 2:  The condition of the buildings and the roads.

Teacher: Roads. Ok, placement of the buildings, roads, tells you that government is
well-organised. The well-organised part is important to us learning History.

[Only if the students are not reproducing relationships that were taught in earlier lectures
or readings. If the students are reproducing, these should be coded as Interpretation.]

(Excerpt from classes observed in the Digital Curricular Literacies Project)

¥ Application/Problem Solving: Taking the knowledge and applying appropriately across

contexts.
0 = Nil
1=Alittle

2 = Sometimes
3 = Almost always

¥ Generation of Knowledge New to Students: Students generate findings, claims,
insights, perspectives new to them and their peers.
0 = Nil
1=Alittle
2 = Sometimes
3 = Almost always

SPECIALISED LANGUAGE

This refers to the degree of teacher-based, explicit introduction of discipline-specific language and
advanced terms. In English and MT, this may be foreground grammar in language teaching (or
Olanguageabout languageO).In other disciplinary fields this involves technical terminology, E.g. Oln
Maths, we call this O or OlIn Physics terms, this is known as 0.

0 = Not used

1 = Used but not explained

2 = Used and explained briefly

3 = Used and explained in-depth and explicitly



WEAVING

This refers to the degree in which the teacher shifts teaching in the levels or kinds of knowledge. It is
not just a matter of random shifts or topic switches, or another form of representation of the
knowledge. The teacher actually systematically moves students into different, more complex levels or
kind of knowledge, making connections between these in sophisticated and complex ways. The
degree of purpose of the weaving increases when the teacher indicates clearly the intellectual
reasons for the weaving. Weaving types include:

Weaving within a Phase:

0 = Nil

1=Alittle

2 = Sometimes

3 = Almost always

Type of Weaving within a Phase:

0 = Nil

1 = New-Known

2 = Technical-Commonsense
3 = Theoretical-Practical

4 = Global-Local

5 = Scientific-Everyday

6 = Individual-Society

7 = Literal Metaphor

8 = Other (Please specify)

Weaving between Phases: It could be weaving with a previous lesson or unit.

0 = Nil

1=Alittle

2 = Sometimes

3 = Almost always

Phase Weaved with: Please indicate the phase which the teacher is weaving with. Key in O1¢r
OPhaselO02for OPhase20etc. If the teacher is weaving with a previous unit or lesson, please write it
in the item ODescribeO.

Note: 0 = If there is no weaving between phases.

Type of Weaving between Phases

0 = Nil

1 = New-Known

2 = Technical-Commonsense
3 = Theoretical-Practical

4 = Global-Local

5 = Scientific-Everyday

6 = Individual-Society

7 = Literal Metaphor

8 = Other (Please specify)

Describe: Describe in words how the weaving is done during the phase, how the Olevels@re
connected and how the teacher or student initiated it.

OPTIONAL ADDENDA

Notes: You can write here things which are important to the classroom observation but which do not
figure in the coding instrument. Write anything which is interesting or unusual about the class.




