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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 CRPPÕs Core Project. It

describes science pedagogical practices observed, using the CRPPÕs Singapore

Coding Scheme.  The dissertation pays special attention to identifying how the

Singapore science classroom is socially organised, what pedagogical activities are

carried out, what teacherÕs tools are at work and the types of studentÕ products

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 I - I NTRODUCTION

Context of Study

The Thinking School, Learning Nation (TSLN) initiative in 1997, mandated an extensive

overhaul of the Singapore Education System, starting from pre-school to university admission

criteria and curriculum. The Minister for Education, Mr Tharman Shanmugaratnam, stressed

the need for Singapore schools to have a much higher threshold for experimentation to

produce pupils with critical and creative thinking skills, the ability to apply knowledge to

solve problems, and who can show initiative and enterprise. It was a strong indication of the

need to develop the whole child, and an explicit recognition of the vast range of talents,

abilities, aptitudes and skills that students possessed.

Since the rollout of the TSLN reforms, a strong case could be made that the Singapore

education system has focused more systematically on the learning for conceptual

understanding in science, generation of knoweldge by students and the lateral transfer of such

knowledge across disciplines. The aim was to move teachers away from rote or ÔchalkboardÕ

teaching and to encourage teachers to employ more engaging and innovative teaching

methods. MOE had hoped that teachers would teach for understanding, and would arouse an

interest and a passion for learning among students. The Ministry hoped that teachers would,

in addition, explore issues with their students in a more interactive and discursive manner, to

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

The advent of worldwide comparative testing in education (Robitaille et al, 1993; Peake,

1996; Schmidt et al 1997) has provided some evidences for SingaporeÕs successes in student

achievement in science and mathematics education. The TIMMS results, from 1995 till the



latest in 2003, seems to bear this out. Generally, success in these international tests has been

attributed to a number of factors including, studentsÕ attitudes towards science learning

(Ministry of Education, 2004), teachersÕ instructional leadership through explaining ideas,

and considerable emphasis placed on science by the parents and students. In the global

context, SingaporeÕs education system has seemed exemplary to all developing and

developed countries to emulate. This is evident by the number of Asian and Middle-eastern

governments who send their government officials and education officers to Singapore, to

learn from the experiences of the local education system, on formulating an effective

educational policy relevant to their respective needs of its people. The exceptional

performance of Singapore students in TIMSS tests (Toh & Pereira-Mendoza, 2002) fuels this

curiosity from educators and policymakers on how science and mathematics are taught in

Singapore schools.

With the ever-increasing focus on economic activities generated by science in a techno-

centric world, the pillars of SingaporeÕs manufacturing sector are increasingly the electronics,

chemicals, engineering and the biomedical sciences industries. It is envisaged that future

science graduates need to be versatile and skilled to handle the knowledge and skills needed

in the future workplace. In 1997, then Minister for Education, Rear-Admiral Teo Chee Hean

commented in a policy speech that,

ÒIf you ask CEOsÕ today what their corporation needs, they will tell you: thinking,

flexible, proactive workers. They want creative problem solvers, workers smart and

skilled enough to move with new technologies and with the ever-changing competitive

environment. They need people who can think in innovative and novel ways, who are

comfortable in articulating problems and envisioning solutions beyond the

conventionalÓ (Teo, 1997).



This translates into a workforce, which is in-sync with the fast pace of change and

ÒturnaroundÓ required in the knowledge zone. Such a workforce would enable Singapore to

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

Rationale of Study

Yet, there has been little or no systematic descriptive research in classrooms, of any scale,

that might indicate the effects of the reforms the Ministry has instituted since the launch of

the ÒThinking School, Learning NationÓ in 1997, on the teaching practices in SingaporeÕs

science classrooms. No detailed descriptions or research into Singaporean science education

or pedagogy exist, however, that might cast light on the qualities and causes of SingaporeÕs

success or problems. Generally, success in international comparative tests has been attributed

to a strong national curriculum, coherence between assessment, classroom practices, and

curriculum but no detailed description or analysis of these conditions in Singapore exist.

Equally, problems such as Singaporean science graduates lack of ability to solve problem or

think creatively, are frequently attributed to the same causes as the successes but again, are

not based on classroom studies or descriptions of classroom practices. All these claims are

based on the assumption that there is a clear empirical view of what is going on in

classrooms, despite a lack of published supporting research data.

Significance of study

These observations pinpoint a Òblind-spotÓ about what goes on in the Singapore classrooms

which may reveal the possible reasons behind the conflict between Singapore studentsÕ

outstanding TIMSS performance and the seemingly low levels of conceptual understanding

of science graduates from the Singapore education system.



This dissertation intends to be a lens through which that Òblind-spotÓ could be illuminated. In

this study, Ôa window is opened intoÕ what goes on during science lessons in Singaporean

secondary schools to allow the reader to ÒviewÓ the happenings in a typical science lesson

that gives rise to such excellent scores.

Methodology

The data used here draws upon a large (approximately 57 schools, 1000 lessons) set of

observations using the Singapore Coding Scheme developed by Luke et al (in print), and

would be analysed to construct the composite picture of what goes on in a typical science

lesson in Singapore schools. The data is the collective effort of a small group of researchers,

including myself.

The schools selected for the research were chosen randomly to give a broad representation of

the many different types of schooling present in Singapore. The secondary schools were

stratified using the MinistryÕs performance indicators, and then randomly selected within

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

The researchers visited schools chosen, for a period of one to two weeks. The timing and

duration of the visit is decided by the schoolsÕ administration and the teachers observed. Each

visit lasts from about thirty minutes to a maximum of ninety minutes During each visit, the

researcher sits at a designated, unobtrusive position to observe and record the data stipulated

in the coding sheet. Informal interviews with the teachers are held either before or after a

lesson and in some cases after curriculum time in the school. During such interviews, the

researcher clarifies the motives for lesson activities and the difficulties faced by the teachers

in class.



Limitations of this study

Being a broad brush of the science education landscape in Singapore schools, the study is not

a claim to have seen or to know how EVERY science teacher conducts their lessons. But as

the data comes from the observation of schools from every strata of Singapore education

system, it gives a broad, dipstick-type insight into what a typical science classroom activities

and lessons look like.

Of the three research assistants involved in the study, I was the only one with a teaching

background. As such, the other research assistantsÕ understanding of the classroom dynamics

may not be the same as a trained teacherÕs, but this is neutralised to some extent by the nature

of the coding scheme which requires the researcher to code for tangible, easily observable

properties. As an ex-teacher with eight years teaching experience in secondary schools, my

personal bias could also possibly colour my perception of the happenings in the classes

observed. I have tried to negate this colouring by coding for what I observe and not on what I

feel or think during the class observations. In addition, during these class observations, I have

refrained from letting my mind think  about what is happening in the lessons, until after the

lesson, hence the coding as well, is over. This, I believe, had minimised my personal bias or

beliefs from impacting on the coding data.

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

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

ground up that decided and refined the actual coding instrument. I 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, I assisted in the training of new science coders for this project. In



addition, I 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 Òcoding dataÓ for that particular virtual lesson. The coders had

extensive discussion and debates as they moved from one item to another (Refer to Appendix

B Ð 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. I 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 I 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, I 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

conducted in United States and Australia, before more details are discussed on the Singapre

Coding Scheme (SCS). The reason for the choice of these two prior studies is that the SCS

draws significantly from these two earlier studies and builds upon the methodology and

findings of these two studies.

The raw data from class observations in various science lessons, using the Singapore Coding

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

Finally the implications of the dataset are discussed with suggested directions to take in the

light of the findings from this study.



CHAPTER II - L ITERATURE REVIEW

A study similar in nature and scope to the School Restructuring Study (SRS) and the

Queensland School Reform Longitudinal Study (QSRLS) would, without doubt, produce

valuable information and insight for local as well as international educationalist on the

ÒSingaporean way of learning scienceÓ.

¥ What is it that the teacher does, in a Singaporean science classroom that allows the

students, of this tiny island-nation, to be consistently ranked well above the other

developed nations?

¥ What pedagogical tools and technique does the Singaporean science teacher harness

to ÔproduceÕ students of such caliber?

¥ Do the key findings and recommendations of both the SRS and the QSRLS become

manifested in a Singaporean science lesson?

PREVIOUS STUDIES WITH SIMILAR SCOPE

Studies of similar nature conducted in the past were the School Restructuring Study (SRS) in

1995, undertaken by Newmann and associates at the Center on Organisation and

Restructuring of Schools (CORS) and a more recent study, which stems from the NewmannÕs

study, the Queensland School Reform Longitudinal Study (QSLRS) in 2000 commissioned

by Education Queensland and conducted by University of Queensland. These two studies

serve as the starting point for the proposed ÔSingapore StudyÕ in this dissertation. The SRS

and QSLRS are discussed in detail as they were the two most recent studies on

learning/teaching environment conducted on an extensive scale. In addition, the CRPP study

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



RESEARCH DESIGN OF THE SRS

The goal of the SRS was to understand how organisational feature of schools can contribute

to six valued outcomes: student achievement; equity for students; empowerment of teachers,

parents and school administrators; sense of community among staff and students; reflective

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

Sampling and Data Collection

The schools selected for the study were public schools comprising of an equal number of

elementary, middle and high schools. One of the common threads running through these

schools was that they had adopted certain organisational features like site-based management,

shared decision making, teacher teaming, sustained students advisory groups, coordination of

social services and school choice. In all twenty four shools spread over sixteen states and

twenty two districts were selected. The schools included those that had begun anew, hiring

new staff to fit a particular mission, as well as long-established schools trying to ÔrestructureÕ

around newly defined mission. The schools sampled had pronounced differences from the

national sample. These schools generally enrolled higher percentages of African-Americans,

Hispanics and about 37% of the students in the selected schools were on free or reduced-price

lunch. Each school was visited twice in a school year, for a duration of 1 week each time.

During each of these one-week visits, each class was observed at least twice. Data was

collected through class observations, interviews with school staff, parents, district

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

Key Findings of SRS

Based on the findings from the SRS Study, Newmann and associates concluded that the

quality of teaching and learning as well as student achievement can be evaluated using three



main characteristics. They are the construction of knowledge, disciplined inquiry and value

beyond school. These are the ÒlensesÓ through which Newmann and Associates gauged the

success of schooling. Each of these ÔlensesÕ was further subdivided, giving a grand total of

seven criterion through which the data collected was analysed.

The construction of knowledge Ð this would refer to the ability of the students to organise,

interpret and analyse information instead of passively receiving and reproducing specific

elements of knowledge. This category was further sub-divided into organisation of

information and consideration of alternatives.

Disciplined inquiry Ð students should be able to develop in-depth understanding of

knowledge around focused topics in specific curriculum domains. They should be able to

express their understandings through elaborated communications such as writing extended

essays or engaging in substantial discussions on and around a topic. This section is

subdivided futher into disciplinary content, disciplinary process and elaborated written

communication.

Value beyond school Ð students produce work or solve problems that have meaning in an out-

of-school settings along with performing well in conventional achievements tests that are

merely for school. The sub-divisions in this category were problem connected to the world

beyond the classroom and audience beyond the school.

Using these lenses, assessment tasks, classroom instruction and the quality of student

performance were analysed (Newmann et al., 1995) to identify ÒAuthentic AchievementÓ in

SRS.



RESEARCH DESIGN OF THE QSRLS

The Queensland School Reform Longitudinal Study (QSRLS), a study of classroom practices

in Australia, was commissioned by the Education Queensland (EQ), and conducted from

1998 to 2000. The research involved making detailed observations and statistical analyses of

about a thousand lessons in four subjects - English, Mathematics, Science and Social Studies

- over a period of three years. The aim of this study was to evaluate the impact of school

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

The researchers noted that improvements in the quality of students' academic and social

learning require improvements in classroom practices in pedagogy and assessment.

Interestingly, the Queensland project builds explicitly on prior international research, and

relies especially heavily on the study conducted by Newmann and his associates (1995),

University of Wisconsin.

Similar to the NewmannÕs SRS, the QSLRS defined quality student outcomes in terms of

sustained inquiry into ideas and concepts that are connected to students' experiences and the

world in which they live in. The instrument used by Newmann in SRS was translated,

modified and improved upon in QSRLS into a 20 item instrument that measured performance

in 4 domains Ð intellectual quality; connectedness; supportive environment & 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

Quality
Connectedness

Supportive

Environment

Valuing and working

with differences

Higher order

Thinking

Knowledge

integration
Student direction Cultural knowledges

Deep knowledge
Background

knowledge
Social support Inclusivity

Deep understanding
Problem-based

curriculum

Academic

engagement
Narrative

Substantive

Conversation

Connectedness

beyond classroom
Explicit criteria Group identities

Problematic

Knowledge

Student self-

regulation
Active citizenship

Metalanguage

Sampling and Data collection

The QSRLS studied 24 EQ schools - Across years 6, 8 and 11 plus - involved in overall

reform initiatives. The Study involved a range of school sizes in widely dispersed locations

around Queensland. Community characteristics include high indigenous populations, variable

multicultural compositions, high to low socioeconomic features, significant numbers of

transient students, and settled rural and suburban schools.



QSRLS data were generated from detailed observation and recording of classroom lessons,

teachers' questionnaires and interviews with senior staff. Teachers' lessons were observed and

rated 'high', 'average' or 'low' in productive pedagogies. In addition, teachers were asked to

complete a questionnaire exploring their educational beliefs and attitudes, pedagogic

practices and school working environment. Personal characteristics of teachers in the

classrooms studied were teacherÕs background, educational qualifications, gender,

professional development and years of teaching experience.

Key Findings of QSRLS

Compounding the findings of SRS, one of the key findings of the QSRLS was that the degree

of intellectual quality, connectedness and recognition of difference are directly and positively

associated with the extent of students' engagement with, and self-regulation of, their learning.

The QSLRS suggested the need to recognise the constraints on high quality educational

provision that resulted from the limits of teachersÕ training and their individual intellectual

and cultural resources and capital.



SINGAPORE CODING SCHEME

Both these major, large-scale, class observation-based studies have reiterated that simply

remembering factual, content knowledge cannot be considered as true or ÔauthenticÕ or

ÔproductiveÕ learning. Nor can educators presume that as long as the students are relatively

quiet and seem to be paying attention to the teacher, that the students are Ôeffectively and

meaningfullyÕ engaged in the lesson. The alignment in the key findings of these two studies,

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

In the most recent TIMSS science rankings (International Student Achievement in Science,

http://nces.ed.gov/timss/) American and Australian students came in at a modest 6th and 11th

respectively for Fourth graders and 9th and 10th respectively for Eighth graders.  In contrast to

both the American and Australian students, Singaporean students were consistently ranked

first in science in TIMSS testing since 1995. The classroom environment in the two countries

cited differs in a few key aspects from that found in Singapore schools. Although they share

similar traits, like multicultural, multilingual and multiracial student mix in class, the

classroom environment and dynamic differs in other important features. Firstly, none of the

students can claim to have English as their first language. Secondly, the classroom

environment tends to be more quieter than in the two countries cited. Thirdly, the students

and parents Ð who are the key stakeholders Ð understand and fully appreciate that education is

the key to success in the future and are more than willing to invest time and money into it.

The observational findings in this study, thus, should be of interest to both Singaporean and

international policymakers and educationalists alike.

Although there is some research done on Singapore school culture, science teaching,

classroom environment or learning styles in Singapore classrooms, most of them were done



prior to the extensive and intensive battery of reforms under the flagship of ÒThinking School

Learning NationÓ initiative since 1997. Furthermore, these studies rarely covered secondary

school science and even fewer studies had been done on science classes from a large number

of schools, covering the various educational track-types (or streams) present in the Singapore

education context. Most of these research studies drawback is that they tend to focus on a

single classroom, or a single school type or in a particular neighbourhood in Singapore or on

primary level of a particular educational track or the duartion is for one lesson. Unlike the

study reported in this dissertation which looks at a number of the factors in totality, the

studies conducted so far have been focussed on only one or two of these aspects. As such,

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

The Singapore Coding Scheme (SCS) was designed to bring forth answers to the questions

arising above. Its Ôcentre of gravityÕ lies in Basil BernsteinÕs classification and framing

models (Bernstein, 1996) as well as in VygotskyÕs concepts of Ôinterpsychological and

intrapsychological domainsÕ (Vygotsky, 1978) . According to Bernstein, curriculum that is

differentiated and separated into traditional subject knowledge would be considered as a

strong classification. On the other hand, an integrated curriculum with weak boundaries

between various subject areas would be considered as a weak classification. Framing

subscribes to the social make-up of the learning environment, for science it would be the

classroom or the science laboratories. It is dependent ion the student-student and the student-

teacher interactions, within the learning environment and how this classroom climate

mediates the construction of artefacts and knowledge.

From the perspective of the socio-cultural lens, framing is sometimes manifested as the

interactional social relations around tools used by teachers and students in class. It allows the



researcher to unearth how teachers and students shift between kinds and levels of knowledge

and genre, within and between lessons and activity structures, to construct a ÒspiralÓ of

complex and intricate patterns of understanding. With the aid of the tools used in science

classrooms as indicators, one can try to piece together the type of teaching and learning

taking place.

Hence, the Singapore Coding Scheme consists of the following 3 main coding categories and

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 (teacherÕs tools/studentsÕ tools/products)

2.2. Sources of knowledge

2.3. Weak/strong classification of content Ð 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, there has been extensive and frequent studies on secondary classroom and learning

environments (Fraser, 1986, 1994; Fraser &Walberg, 1991; MacAulay, 1990), very little of

such classroom environment research has been done in the Singapore context. The closest to

such a body of data would be the International Studies in Educational Achievement(1983-84)

and the work done by Goh & Fraser (1995). But these two studies do not shed any light on

the what goes on during a science lesson in most Singaporean schools, as the former uses

multiple-choice based questionnaires to derive its data and the latterÕs focus is on primary

school mathematics lessons. In addition, both studies were predominantly quantitative in

perspective. In addition, Goh admits that a more qualitative study would be more ÒdesirableÓ

in the future. Other studies conducted in the Singapore context would include Fraser & The

(1994), Teh & Fraser (1994), Lim (1993) and Wong & Fraser (1994). The first two were ina

different subject area while the last two, though science based, one used questionnaires to

gather student response and the other focussed on chemistry laboratory sessions only. As

such, there is no body of authentic research data that can tell what is the learning environment

like in a science lesson nor the tools used by the teacher and students in a science lesson in

Singapore schools.

What seems relevant from the IEA studies conducted in the mid-eighties, is that Singapore

science education did not emphasise applications in science nor attitudes, and values in

science, as much as transmitting content knowledge. In the book detailing the study

conducted in Singapore, it is stated that science teaching in secondary schools becomes

progressively less formal and more student directed with greater emphasis in Òlaboratory-

based practical lessons being a regular featureÓ (Rosier & Keeves, 1991). Contrary to this

observation in the mid-eighties of Singaporean science lessons, the recently concluded study



conducted by my colleagues and me found very little evidence of such a phenomenon in the

observed schools.

In the light of SingaporeÕs continued good performance in international science assessments,

it becomes even more critical that one needs to know what is happening in a typical science

lesson in Singapore. Overall this dissertation attempts to fill this gap in the literature by

giving the reader an  insight into what goes on in a typical science lesson within a Singapore

context.



CHAPTER III Ð RESEARCH DESIGN AND METHODOLOGY

Preamble

This particular study, which is one of six aspects of the CRPP Core project, focuses on the

description & improvement of pedagogy by studying what is happening in the class during

the duration of a lesson unit. It employs the Singapore Coding Scheme (Luke et al, 2005) for

this systematic observation and description of patterns of knowledge representation and

construction, and of teacher/student social interaction in the Singaporean science classroom.

The coding scheme examines, for example, the focus of classroom talk, engagement levels,

and stated rationale for learning.  For classification of knowledge, the scheme focuses on the

representation and scaffolding of knowledge.  It examines, amongst others, epistemological

sources of knowledge, disciplinary framing, depth of disciplinary concepts, and knowledge

reproduction and construction. It is largely these observation data that are summarised in this

report.

It should be noted that the findings described in this report are preliminary; in other words, it

cannot be inferred that what is described here represents Science pedagogical practices in

every secondary schools in Singapore. On the other hand, as the study employed random

stratified sampling, which involved nearly every possible ÒtypesÓ of class in the Singapore

school environment, the findings are fairly representative of what any observer would see

typically in Singapore schools. As such, this report should be seen as an insight into typical

science pedagogical practices in most Singapore schools, that can inform and paint a picture

of the general pedagogical pattern or patterns in existence in the Singaporean science

classroom. These observed pattern(s) were triangulated with illustrations using sections of

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 the end of 2004, about 44 lessons had been observed, coded by a team of 3 coders, which

included the author, and analysed. Together the coders had observed eighteen secondary

schools.The inter-rater reliability was as high as 80%. This was achieved by getting the

coders to go through a series rigorous sessions where there were frank exchanges of how to

code and what tangible evidences to look out for in classroom observations. This was done

prior to the actual coding exercise. Of the 44 lessons coded, 3 lessons were from a

Normal(Technical) stream, 6 lessons from the Normal (Academic) stream and the rest from

the Express stream. The sampling was done by computerised random stratified sampling and

resulted in the selection of a small number of the Normal(Academic) and Normal(Technical)

tracks. This was purely by chance and the lop-sided sampling would be ÒrightedÓ in the next

phase of coding the following year. As mentioned earlier, a total of eighteen schools were

selected and visited. The number of teachers involved correspopnds to the number of schools

(i.e/ eighteen teachers), who were all graduates in the field of science and had completed the

teacher training. The teaching experiences of the teachers involeved in the study ranged from



a few months to as many as twenty years. Their range of their ages was 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

lessons per unit

Mean = 2.4

Number of lessons 44 (35-Exp, 6-NA, 3-NT)

Number of Phases 158

Mean/Range of Phases per lessonMean = 3.6

In order to get an overview of current classroom practices pertaining to Secondary Science,

teachers in these schools were observed for a unit of lesson. The decision of what constituted

a single unit of science lesson was left to the discretion of the teacher. Some examples of

typical units are listed below.

Table 2 Ð Units of Science lesson

Chemistry Physics

Atomic structure Mass & density

Chemical Calculation, Density

Chemical formula Friction

Oxides Light

The data analysed in this report is based on 18 units of lessons observed. The data is based on

units observed in Express, Normal Academic and Normal Technical streams.  Streams, in the

context of SingaporeÕs education system, would refer to tracking students into various groups



based on their academic performance in national standardised testing. The ÔExpressÓ, which

would refer to the more academically inclined students, is one end of the scale and the

ÔNormal TechnicalÕ, which refers to the less academically inclined students, is the other end.

On average there were 2.4 lessons per unit.  A lesson usually comprised of 1 to 2 periods.

Each period of lesson ranged from 30 to 45 minutes in duration. The 18 units contain a total

of 44 lessons.  The 44 lessons in turn contain 158 phases.  The unit of coding is the phase - a

proxy for activity structure or instructional sub-unit within a lesson. In other words, phases

can be viewed as distinctive patterns of classroom activity with a duration of longer than 5

minutes (Luke et al, in print). The unit of analysis is the lesson. A closer look at some of the

pertinent coding categories is needed to understand how the researcher uses the Singapore

Coding Scheme and the following section will detail these categories.



CODING FOR FRAMING

For each phase, the researcher present in the class noted the duration and order of phase, the

physical arrangement, the class size, the topic, the lesson number, the date, the sequence of

activities. Each phase should have a minimum duration of 5 minutes. If the physical

arrangement changed in the class (e.g. break into clusters for group work), the researcher will

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 Ð Classroom Layout

Single column

Double column

Cluster (indicate number of pupils in

cluster)

Floor group seating

Laboratory benches

Physical

arrangement in the

classroom

Table rows

Phases are determined to be distinct shifts in Ôactivity structureÕ (e.g., whole class lecture to

whole class answer checking to small group work = 3 phases). Most lessons consisted 2 to 5

phases. Phase should be identified according to the sustained activity. Care was taken by

coders not to mark digressions as changes in phase. If an activity lasted less than 5 minutes,

it would be treated as a digression from a larger phase. For instance, when the sustained

phase is ÔWhole Class LectureÕ with minor shift, for instance to ÔIREÕ, it was coded as one

phase of Whole Class Lecture. The possible phase classifications are Whole Class Lecture

(Monologue), Whole Class Elicitation & Discussion, Whole Class Answer Checking (IRE),



Choral Repetition and/or Oral Reading, Individual Seatwork, Small Group Work, Test

Taking, Whole Class Demonstration or Activity, Student Demonstrations/Presentations and

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

Whole class lecture (Monologue) is typified by a predominant teacher talk, there is very little,

if any, sustained dialogue or exchange between the teacher and the students. There is

negligible student talk and even less student-initiated questions. There may be instances

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

Whole class elicitation and discussion would be characterised by substantive questions, open

ended questions, student talk extensions, where the teacher uses a range of strategies to open

up the discussion (e.g., wait time, holding back on evaluation, extension or re-directional

moves). The teacher may request and record or note student contributions verbally or on

whiteboard, less explicit evaluation of studentsÕ contributions, more free flowing discussion,

students in dialogue with other students, teacher interjects and forms connections between

comments, ideas and again re-directs.

Whole class answer checking (IRE) will be depicted as teacher initiating the IRE sequence by

uttering a question, a student responds, teacher evaluates the student response and the cycle is

repeated. Teacher could possibly ask serial questions for which there could be a specific

answer that the teacher is seeking. In this case, the teacher is literally ÒfishingÓ for the

required answer from the class. Another version of IRE would be when the teacher goes

through the answers on a worksheet, one question at a time, with students merely verbalising

their written answers.



Choral repetition or oral reading, which is seldom observed in a science lesson, is when the

students chant, sing or give choral response, reading aloud, either individually or collectively

of pre-prepared texts. Often found in primary language lessons and mother tongue, it was

rarely seen in a secondary science lesson.

Individual seatwork would refer to an activity structure where students sit at the desk and are

engaged in written tasks.

Small group work, as the name implies, refers to an activity where the students are required to

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

Test taking would be activities where the teacher sets a class test or some other assessment

for the students like quizzes or examinations.

Whole class demonstration or activity could best be described as, teacher-initiated or teacher-

guided whole class game, demonstration or other activities of similar nature. It includes

demonstration game (where the teacher uses games to teach the goals of that lesson) and

science lab demonstrations as well.

Student demonstrations/presentations is characterised by students reporting back their

findings or deliberations via demonstration at whiteboard or show and tell. It would include

presentation of studentsÕ writing or text as well as OHT presentations; formal presentations

and presentation of results from experiments as well.



Laboratory/experiments, the most non-controversial phase, are identifiable when students are

engaged in doing experiments or laboratory work.

Another coding item of interest would be Òclassroom talkÓ which is divided into

organisational, regulatory, test strategy, curriculum-related and informal talk. Most of these

terminologies are self-explanatory.

CODING FOR KNOWLEDGE CLASSIFICATION

The focus in this coding category is on how knowledge is presented and re-presented to

students in the science classroom. Coding items were devised for source of authoritative

knowledge, artefacts used (both by teachers and students) and created, the discipline-

specificity of knowledge presented, critical appraisal of the knowledge presented and

internalised and the degree of manipulation of this knowledge.

Source of authoritative knowledge raises the question of where knowledge espoused in the

science lesson comes from Ð teacher, textbook, guidebooks, student, internet, experimental

data or mass media. What sources are the Ôfinal arbiterÕsÕ of ÔtruthÕ or validity or value.

Where does the Ôbuck stopÕ? In this ÔKnowledgeÕ category, tools used by the teacher and the

students will be significant to understanding the pedagogy in place in the Singaporean

science classrooms. Hence, tools would mean any medium through which text, image or

knowledge are presented and handled. For studentÕs tools, it has to be used by the majority of

the class, not just a few students. Keeping in mind that the data was to shoe the overall

classroom ÒenvironmentÓ, this was done so as to make the coding data more representative of

the general tools used be the students for that particular activity. Teacher and student tools

can be the same or different. As such, the items for teacher tools and students tools lists the

possible choices as whiteboard, overhead projector, PowerPoint slides, textbook, worksheet



or workbook, web sources, scientific instrumentation and this list just about covers every

conceivable artefact in a science classroom. StudentsÕ products during these science lessons

were also taken account of, under the options like oral responses (short or sustained), written

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

The purpose of the coding item of single/several/integrated discipline was to determine the

discipline-specificity of the information presented and to gauge how ÒclassifiedÓ the

knowledge represented in the classroom becomes. The difference between several disciplines

and integrated would be the former would allude to scenario where information from a few

disciplines would be presented without the connections between them made explicit, whereas

the latter would be Òintegrated, dovetailed into a seamless entity. Integrated projects would

include formal Ôproject workÕ and also integrated activities, problem-based learning, and

task-based lessons. The focus would have to be on sustained learning and should bring

together different knowledge to bear on a specific ÔwholeÕ task.

Depth of knowledge presented in class was coded under three sub-categories - basic,

procedural and advanced concepts. In addition, another sub-category of being able to Ôrelate

facts to conceptÕ was included to reflect on higher order thinking. A category for Òknowledge

criticismÓ was inserted to better understand the incumbent mindset of the students. Its

purpose is to ascertain the level to which the students commented on the knowledge

presented by the teacher or textbook in the science classroom. Any questions or suggestions

initiated by the students, which challenges or questions the presented knowledge manifests

knowledge critique. The anti-thesis of this would be a scenario where the students accept the

teacherÕs words or the information in the textbook as the irrefutable Òtruth and nothing but

the truthÓ and accept it without any questions. Even if the student does not have prior

knowledge, he/she can still question the scientific facts put forth by the teacher. They can



critique or question the information presented by juxtaposing these facts against their own

experiences and their innate understanding at that point of time. In addition, one cannot

assume that scientific facts are irrefutable as facts do change whenever new technology

allows societies to discover Ònew truthsÓ about Nature and her laws, and hence modify

existing and established scientific facts.

Finally, studentsÕ handling, construction and deconstruction of knowledge in science lessons

was coded and categorised into four groups to give the researchers an idea of how students

manipulate knowledge in class. The four groups of knowledge manipulation identified were

reproduction, interpretation, application or problem-solving and generating new knowledge.

Reproduction would refer to regurgitation or copying or repeating what was taught in science

lessons. Interpretation would be creating a plausible explanation among choices.

Application/problem solving would occur when taking the knowledge and applying it

appropriately across contexts Ð Ôlateral transferÕ. Generation of new knowledge to students

would be observed when students generate findings, claims, insights or perspectives which

are new to them and their classmates.

CODING FOR WEAVING

Weaving refers to the degree in which the teacher systematically moves the lesson into

different, more complex levels or kind of knowledge, making connections between the

content and the studentsÕ inherent experiences in sophisticated and complex ways. The

degree of the weaving increases when the teacher indicates clearly the intellectual reasons for

the weaving.  Types of weaving include new knowledge to existing knowledge, technical

language to commonsense language, theoretical understanding to practical application, global



perspective to local aspect, scientific discourse to day-to-day discourse. Weaving would

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

The data obtained from the coding were collated and analysed using SPSS statistics software.

The statistical analytical methods used in this study are descriptive statistics, analysis of

variance and exploratory factor analysis.  These gave a peek into a typical secondary science

lesson taught in Singapore schools. Cluster analysis was subsequently used to identify

representative lessons based on factor scores of knowledge categories of the coding scheme.

Transcripts of these lessons were then examined in detail for patterns of classroom events

with specific focus on social interaction and knowledge categories, thus triangulating the

transcript and coding data.

Coding and Data Analysis

As noted earlier, classroom activities were coded using the SCS. The basic element of coding

and analysis is the activity phase within a lesson. A phase is defined as a particular period of

time that is characterised by a particular kind of classroom organisation where a particular

major activity takes place. In other words, units of pedagogical practice are subdivided into

lessons. Lessons are in turn further divided into kinds of classroom organisation in which

teachers and students engage in particular activities.

To provide an example - a teacher may begin a lesson with a summary of the work done in

the previous lesson or unit, then introduce a new task for the lesson - a group of new words

for instance - and after this, ask students to write a short passage by using the new words. The

teacher may follow this sequence, firstly, by having students respond to the questions of the



previous work in a whole class answer-checking (also known as Initiation-Response-

Evaluation, or IRE for short) format; secondly, by explaining the forms and meanings of the

new words with examples in a format of lecture/monologue; thirdly, dividing students into

small groups to work on a written passage collectively and finally, asking each group to

present their work to the whole class. Thus, we may identify four activity phases in the course

of this hypothetical lesson: IRE, monologue, small group work and whole class

demonstration. It is each of these phases that is marked with time in minutes and within the

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

It is important to emphasise that the SCS was developed to describe patterns of pedagogical

practices in seven core subject areas; to compare these patterns between different types of

schools, streams and subjects; to examine relationships between these observed patterns and

teacher and student attitudes towards learning; to explore relationships between the observed

patterns and learning outcomes and so on. Since there are many ways in which the data can or

will be treated, decisions about analysis and synthesis of them will necessarily depend on the

different purposes or research questions for using the data.

As noted earlier, because the database of Science classroom activities analysed in this report

is very small; we sought to provide a general descriptive analysis of what happened in the

observed classrooms rather than present an evaluative or exploratory analysis of the data.

Inspite  of this, the study gives the reader an idea of a what a typical lesson would be like in a

Singapore science classroom and the typical sequence of activities that would take place in a

particular lesson. It is not claimed that all science lessons in all Singapore schools are as

depicted in this study. In addition, we only report the most relevant and important findings of



the study here. To do so, the percentage spent on each category is calculated under the major

features, such as social organisation, talk time, student engagement etc. The Science specific

features are synthesised and analysed also in terms of percentage in occurrence or focus. For

example, the category Ôsocial organisation of classÕ will include the percentage of time the

teacher worked with the whole class lecture/monologue or whole class answer checking

(IRE), or the percentage of time that students worked in groups and so on. Then the

subcategories under each of these phases are synthesised and analysed in a similar manner.

The observed data quantified in this manner can provide a simple but accurate and reliable

description of Science classroom practices. Results pertaining to each of the major categories

form the basis of subsequent sections.



CHAPTER IV Ð PRESENTATION OF FINDINGS

Social Organisation of Classrooms

This study employs the Singapore Classroom Coding Scheme (Luke et al, in print) for the

systematic observation and description of patterns of knowledge representation and

construction, and of teacher/student social interaction in Singapore classrooms.  Luke et al.

looked at the two basic axes of pedagogic discourse:  framing and classification.  Framing

refers to the social organization of the classroom - how the interaction of teacher/student

discourse and behaviour creates a mediating environment for learning. Its emphasis, then, is

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

The Singapore Coding Scheme examines, for example, the focus of classroom talk,

engagement levels, and stated rationale for learning.  For classification of knowledge, the

scheme focuses on the representation and ÔscaffoldingÕ of knowledge.  It examines, amongst

others, epistemological sources of knowledge, disciplinary framing, depth of disciplinary

concepts, and knowledge reproduction and construction. The social organistaion of the

classrooms gives an idea about the dynamics in play in the classroom. These class dynamics

underpins the Òclassroom cultureÓ in each and every lesson - how the lesson time is spent,

what type of talk is Ôallowed and disallowedÓ and who decides what and when something

happens are decided or planned for by the so-called unwritten rules of that class, laid out even

before the researcher steps into the class. Some of this ÒcultureÓ has been initiated in the

primary schools and reinforced or finetuned every year by subsequent teachers in the

secondary schools. Sometimes the home, the locality of the school, the schoolÕs history and

tradition also play a strong part in this aspects. The focus in the lesson observations for this



study was on the lesson activities (termed as phases) and the type of classroom talk during

science lessons.

The breakdown for the activities conducted during science lessons was found to be 28.8%

spent on whole class lecture, 23.7% on IRE, 16.7% on individual seatwork, 12.2% on whole

class elicitation and discussion, 6.4% on student demonstrations, 5.8% on laboratory

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

These figures (see Table 2 below) paint a picture of classrooms dominated by the teacher

(about 64.7% of the total class activity time). Within the timeframe dominated by the teacher,

a large proportion was whole class lecture (28.8%) and IRE (23.7%), thus accounting for the

very low incidence of student-talk in class, as depicted by the low percentage in the student

demonstration category.

Table 4 Ð Phase type

Phase Teacher

centered

Student

centered

Whole class lecture 28.8%

IRE 23.7%

Whole class

elicitation/discussion

12.2%

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 class lecture, teachers typically took the students through new scientific ideas,

explaining scientific facts and concepts, words and contents along the way. The textbook

was, in most instances, the ultimate provider of scientific knowledge. Teachers used the

textbooks extensively and these textbooks were directly and indirectly ÒquotedÓ from by both

teachers and students during science lessons. Whenever the class encountered a new concept

or fact, most teachers would focus on new scientific word or terminologies for a while,

explaining the meaning which would be taken Ôword for wordÕ from the textbook. When

looking for answers to the teachers queries, the students would, without fail, refer to the

textbooks. The trancript excerpt below is an example of one typical lesson in the Singaporean

science classroom.

TRANSCRIPT  I

(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: No response

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!..



T: 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.

SA: Materials

T: Ahh! they are made of different materials. That's right. so we are going to look at the

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

T: 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

SB: Teacher, how about underwater?

T: 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, okay? Right... lets

highlight ......right on page four zero highlight the next paragraph, the 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 ...



SB: The same

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

the other one that I want you to highlight, the SI unit for mass is the...

SC: 'Kg'

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

not the SI 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 itÕs so difficult, they say what its zero point zero zero one, right, so,

the next, next, next line É highlight this as well. Smaller objects or measure are

usually measured in gramsÓ. Tell me the conversions between kg to grams.

The words, phrases and sentences in bold in the above transcript, are instances when the

teacher referred the students to the textbook and quoted directly from the textbook Ð word for

word Ð for the students to underline and memorise. These are explicit evidences of the

textbook being the major authoritative tool in the classroom and the inclination towards

memorising phrases and sentences from science textbooks.

In some cases, the relevant phrases in the textbook would be underlined or highlighted by the

students on the instruction of the science teacher. This process was generally utilised by most

of the teachers that were observed. In this practice, students were seldom invited to make



contributions and when students attempted to make contributions, they were largely ignored

by the teacher, as it was not serving the teacherÕs ÔcauseÕ.

The few teacher-student interactions observed (e.g., in phases such as IRE or whole class

elicitation), students were required to answer closed rather than open-ended questions (see

Table 5).  The transcript below is typical teacher-student exchange in a science lesson;  one-

or two-word answers were typical of the student responses observed, with very few student

utterances consisting of more than one sentence.

TRANSCRIPT  II

T: Hello, is the Density given? Yes. How much?

Ss: Yes. 19 thousandÉ

T: 19 thousand. Is the Mass given to us?  

Ss: Nooo...!

T: No given. Ah, Mass given or not?

SA: No

SB: Yes

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



SA: Gold.

SB: Mass.

T: For the Mass, that's right. So Mass is given. When you look at the unit you will be

able to tell which one is given. Whether it's talking about the volume, whether it's

talking about the density or the mass. When the question only give kg, then you will

have to tell yourself that oh, this is given as the? As the Mass. Alright is the Mass

given to us? If the question give us something like cm cube, then you must know that

it's given the volume. If the question give you gram per cm cube, from the unit itself

you should be able to tell.

SC: Volume.

SD: Density.

T: ItÕs the density. Okay, so in this case, density given. The mass given. The volume?

SA: Given.

SB: Not given.



About 35.3% of the total class time was devoted to student work in one way or another,

socially organised in such phases as silent seat work, small group work, student

demonstration, laboratory experiments or whole class demonstration (see Table 2). In small

group work, no project work was observed; instead, students were required to do come up

with answers to short questions, which invariably, the students were able to get from their

textbooks without much effort.

When the science teachers did occasionally involve the students in certain interactions, they

tended towards addressing their questions to the whole class rather than to individual

students.  The transcripts I and II both exemplify such a situation in the science classroom.

Talk Time and Student Engagement

About 90% of class talk-time was spent talking about curriculum (see Table 5), while there

was little time spent on behavior management talk (4.4%), procedural talk (7.4%) or informal

chat (7.5%). Rather, virtually all the class time was used to do curriculum tasks. The

classroom lessons observed were orderly and without behavioral disruption or visible

resistance. Of course, this could be due to the presence of the researcher in the class. Such an

effect was minimised, but not eliminated, by the duration and frequency of the researcherÕs

stay in the lessons. Nevertheless, teachers valued their class time highly and students were

almost always ready for their learning tasks, requiring little discipline and direction. In other

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



Table 5 Ð 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 science lesson starts off with a short five to ten minutes

introduction to the topic or alternatively there is a short recapitulation of the previous lesson.

This is followed by an extended teacher-centred whole class lecture where most of what the

teacher says could be found in the textbook. Thus most students look engaged but there is no

explicit verbal cues to substantiate their depth of engagement. The teacher rarely allows for

challenging questions to be asked and the students correspondingly do not attempt to ask any

questions, either. The lesson then, if there is enough time, proceeds on to a completion with

an IRE session to allow the teacher to gauge the Òunderstanding of the studentsÓ. During this

IRE sessions, the students invariably refer to their textbook or peers for the answers to the

teacherÕs questions. There is very little follow-through or probing questions leading on from

the studentsÕ answers nor do the teachers encourage dissenting views to the opinions of the

teacher or textbook - the authoritative sources of knowledge.



On the other hand, science lessons which were anomalous to the described pattern was also

observed Ð but they were very insignificant in numbers. The vignette below shows one

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

Excerpt A

The teacher had started off the lesson on Atomic Structure with a timeline of the various

atomic theorists and their model of an atom. In the following lesson he went on to revise with

his students the current model of an atom. The students are to sieve out the information they

need from various sources, the Internet websites, textbooks, teacherÕs notes and any other

sources they have. The following is two excerpts of the class talk in which the teacher probes

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

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

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

Ss: Yes.

T: OK, the structure. What I want you to do, I 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: 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?

STC: Neutral.

T: 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?

SG:  No charge.

T: No charge? Still no charge? OK never mind, maybe ehhh, SA, what is the nucleus

made up of?

SA: Protons and neutrons.

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

in the nucleus?

SA: Positive charge.



T: Positive charge, why is it positive charge?

Ss: Because there are É..

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

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

Ss: Positive charge.

T: 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 asÉ what do we call them as, SH?

SH: Orbits.

T: Orbits, what orbits?

SH: Electron orbits.

T: Electron orbits or electron orbitals, OK. Or another way of saying is electron shellsÉ

what else?

SJ: Energy levels.

T: Energy levels.



Excerpt B

After about twenty minutes into the lesson, the teacher had Ôwalked the class through the

topic on the properties and characteristics of the three sub-atomic particles, proton, neutron

and electron. He then goes on to test the studentsÕ ability to transfer this information into

application. He uses the hydrogen atomic structure as an example. The students were able to

give the correct answer and the relevant explanation for the number of protons and electrons

in hydrogen. Then came neutron;

T: What about the neutrons? What about the neutron, SE? Any neutrons? Stand up and

answer. Many of you never open your mouth.

S: Only has one proton.

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

SE: No need to cancel out the proton.

T: What no need to cancel out? Yes ÉHow do you explain the number of neutrons is

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

SE: When the positive like got two positive protons, right, tends to repel each otherÉ

T: SoÉ?



SE: the neutron hold them together É (pause)É but then no neutron (to herself)É

T: But my question is É

SE: Only got one, what?

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

SE: Because, because no need to attract them together.

T: No need to attract them together?

T: SXY?

Ss: The mass number É.

T: Wait! Wait, wait É let her answer first. SXY? É  Speak louder.

SXY: Mass number is the total number of proton plus neutrons. Therefore, the mass number

minus proton number is number of neutrons.

Thus, in these excerpts, the teacher was observed to probe the answers given by the students

to ascertain the understanding of the students. The students were very comfortable with the

science teacher and did not shy away from challenging the textbook or the teacherÕs

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



Major Sources of Authoritative Knowledge

Pooling all the observations together (see Table 6), in 83.8% of the phases, the major source

of authoritative knowledge was the teacher, in 7.1% of the phases it was the student, and in

7.6% of the phases it was the worksheet or the textbook. These four major sources take up

about 98.5%, relegating other sources such as data (1.3%) and mass media (0.6%) to be

rather very insignificant in contrast.

Table 6 - Major source of Authoritative Knowledge

Frequency %

Cumulative

Percent

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

Valid

Total 158 100.0

Furthermore, learning activities in the science classrooms at the secondary level were tightly

controlled by the teacher who had the authority to decide what knowledge was under

consideration and how it could be experienced by the students. In addition, it was the teacher

who selected the ÔcorrectÕ answers to any divergent interpretations that arose from the

students in the process of knowledge transmission. Only when the teacher felt uncertain

would she/he then refer to the textbook or worksheet as the source of authoritative

knowledge.



TeachersÕ and StudentsÕ Tools/Technologies

This refers to the tools through which text, image or knowledge are presented and handled.

For studentÕs tools, the researchers coded for the tool that is 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 Ð the item

was marked as PowerPoint. Note that scientific or mathematical apparatus would include

manipulative, calculators, traditional laboratory equipment.

Table 7 Ð TeacherÕs 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 most frequently used teacherÕs tool (See Table 7) were the whiteboard (59.1% of the

lessons observed) and the overhead projector (29.6%). Worksheets and science apparatus

usage was 9.1% and 6.2% respectively, of the lessons observed. The only significant

presence of IT technology was the use of Microsoft PowerPoint (11.4%), while resources

such as the Internet were seldom employed in the teaching process. Hence, the technologies

used tended to be traditional or principally employed to augment traditional didactic teaching.



The whiteboard was used primarily during whole class lectures/monologues to illustrate a

particular point the teacher wanted to make.

Textbooks and worksheets were an integral part of IRE, whole class elicitations/discussions

and lectures. These observation illustrate the fact that the use of IT in science lesson is still

ÔprimitiveÕ, and at most times it is an alternative to the OHT rather than augmenting the

traditional tools in the classroom. As such, most of the science teachers did not exploit the

wider possibilities afforded by IT in science lessons.  When queried, most teachers cited the

workload, lack of time of logistical problems as reasons for the lack of usage of information

technology in their lessons.

On a positive note, there were instances of enterprise among some science teachers, like one

of the teachers observed who gave an insight into how IT could possibly be used more

effectively for science education in Singapore. He had designed a personal website for his

chemistry students to access which is linked to the school website. All his lessons notes,

presentation slides, homework and assignments are updated onto this website for students to

go through after the lesson is completed. In addition he has come up with his own applets on

some of the chemistry topics that was taught in his class. He used these applets in his lesson.

Students from his class as well as from other classes in the level, and even students from

other schools, used these applets created by him, to revise for exams and tests. Most likely

the researchers would unearth more ÔgemsÕ like this as more teachers are observed but,

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



The tools used by students during science lessons was coded for and compiled (Table 8). The

analysis of this data showed that in 59.1% of the lessons observed, the studentsÕ learning

process was mediated by worksheets, and 29.6% by textbooks. Blank paper was used during

9.1% of the lessons, whereas whiteboard and ÔothersÕ made up 13.6% and 18.2%

respectively.

Table 8 Ð StudentsÕ tool

Percentage of observed lessons

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

These finding indicated that much of the classroom time in science was spent on completing

worksheets and referring to the textbooks for answers to questions and explanations for

science concepts. What is puzzling and disturbing is the unexpected low percentage for the

use of science manupulatives - the use of science apparatus as a form of students tool is not

ranked high as would have been expected Ð it is fourth with 15.9%. One possible cause for

the observed low level of labwork, would be that the topics taught to secondary three

chemistry students does not lend themselves to experimental work. As most of the topics

taught at this stage, with the exception of acids, bases and salts as well as oxides,  are basic

topics like atomic structure, chemical bonding and mole concept. In addition, some educators



have suggested that some of these early topics are done in the first two years of secondary

science education where experimental work may have been done and, as such, there is no

need to repeat those experiments again.

StudentsÕ Products

For the purpose of this study, a broad definition of ÔstudentsÕ productÕ referred to any kind of

work generated by students during science lessons. Short oral response describes short

answer, word, phrase, single or double sentence utterances, while sustained oral response

refers to extended utterance, explanation, verbal explanation beyond double sentences. Short

written answers refers to a sentence or writing which is less than or a normal paragraph,

while sustained written text refers to a paragraph or more of written text. Multimodal text

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

Table 9 Ð StudentÕs Product

Percentage of observed lessons

Short Oral Answers 54.6%

Short Written Answers 20.5%

Sustained Written Text 9.1%

Multi-modal Text 0

Worksheet 56.8%

Sustained Oral Text 0

Others 15.9%

Nil 4.6%



From the data collected and analysed, studentsÕ writing activities occupied a very small

proportion of class time (See Table 9). The three most frequent types of studentsÕ produced

work were short oral answers (54.6% of the lessons observed), worksheets (56.8%) and short

written answers (20.5%). Sustained written texts generated by students, which were not

common in class work or as a homework, accounted for only 9.1% of the lessons observed

and sustained oral texts even worst Ð was never seen.

Very often, short oral answers did not even amount to a complete or finished sentence.

During IRE sequences the students would usually give one-word answers (refer to Excerpt A

above). No long answers with extended explanation were observed in science lesson nor were

there explicit approval of such answers. This phenomenon can be explained by the fact that

the teachers generally did not reward longer answers and sometimes interupted and cut short

any responses which they felt was Òtoo long-windedÓ. In addition, teachers failed to probe

short answers further, so as to allow students to construct a more deeper understanding of the

subject matter or content knowledge.



Depth of Knowledge

In this section on depth of knowledge, taxonomic orders of knowledge are presented. Depth

of knowledge (see Table 10) refers to the relative complexity of the knowledge transferred to

the students. Basic level of knowledge is defined in the coding manual as representation of

basic facts, information from experiments and the definition of ÔbasicÕ is constituted in

relation to age/background of children, grade level, and syllabus/field conventions. Basic

knowledge in the science classroom is the basic facts, raw data gathered from the

experiments and scientific knowledge that a student is expected to have learned prior to

secondary three.

Table 10 Ð Depth of Knowledge

Depth of Knowledge Nil A little Sometimes Almost

always

Basic/rote 4.4 8.9 28.5 58.2

Procedural 33.5 14.6 33.5 18.4

Advanced 50.6 24.7 24.1 0.6

Facts to concept 71.5 11.4 15.8 1.3

Procedural knowledge would refer to explication of strategies, procedures and applications.

Simply stated, it would be the Òhow to ÉÓ type of information.  In other words, procedural

knowledge refers to the practical application of factual knowledge and the Òhow toÓ in a

scientific process. It is an explication of strategies, procedures and applications. In contrast,

advanced knowledge is exhibited when the coders observe elaborated or deep concepts from

field or discipline, where ÔadvancedÕ is construed in relation to the age of children, grade

level and syllabus/field conventions.



ÔFacts to conceptsÕ would observed and coded  when students exhibit the 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.

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

Excerpt C

The topic for this physics lesson was ÒLight raysÓ. The teacher was teaching the students how

they should go about constructing a ray diagram and the essential features that the ray

diagram must have, to qualify for Òhigh marksÓ during the class tests. In the previous lesson,

the teacher had taught the class the first law of reflection. The teacher goes through the

procedures to adhere to when drawing a correct ray diagram. Very little explanation is given

by the teacher or sought by the students on the rationale for each of the steps. The teacher

tells the students that they ÒMUSTÓ know how to identify the normal, an incident and the

reflected rays. She does not elaborate further on the ÒMUSTÓ. She goes on to use the ruler

and the protractors to detail the procedures on drawing a ray diagram. The teacherÕs

instructions to the students are as follows:

o Draw a line to show the plane mirror.

o The point of incidence is the point where the incidence ray strikes the mirror. From

this point of incidence, draw a line 90o to the plane of the mirror.

o Draw a perpendicular line to the plane mirror to denote the Normal.

ÒIs the normal a dotted line or a solid line?Ó

o Then take the angle of incidence and the angle of reflection. How do you take angle of

incidence? This is how you show angle of incidence.



o  Next how do you find angle of reflection? You ÒMUSTÓ remember the Law of

Reflection which states that the angle of incidence is equals to the angle of reflection

at the point of incidence. So the angle of reflection will be the same as the angle of

incidence.

Subsequently, the teacher repeats the above steps, a few times, with another example before

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

The above scenario is typical of how Òprocedural knowledgeÓ is taught in SingaporeÕs

science classrooms. ItÕs very structured and repetitive without much elaborations nor

explanations nor rationale for the procedures involved. Neither do the students think of

questioning the instructions or suggesting alternate procedures to their teachers.



Advanced Conceptual Knowledge

The following episode details an example of the occurrence of advanced conceptual

knowledge in an observed science lesson.

Excerpt D

In this chemistry lesson, the topic for the day was ÒAtomic structureÓ. The students were

familiarised to the atomic structure and the sub-atomic particles. The teacher taught the

students about the attraction between the various sub-atomic particles which are charged -

proton being positive and the electron being negative.

The teacher then introduced the already familiar idea of magnetism, and how the North Pole

and South Pole of the magnets attract, while the southÐsouth or north--north arrangement

causes repulsion, with the hereto unknown concept of sub-atomic particle attraction. The

teacher relates the phenomenon of unlike poles attracting each other and like pole repelling

one another with the attraction of the positive-negative charges and the repulsion of the

negative-negative or positive-positive charges. She then went on to give them a series of

instructions which seemed initially mysterious and puzzling but which was supposed to help

the students understand that there are charges around them and these charges attract or repel

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

o Take a piece of ÒuselessÓ paper like a bus ticket or any used and unwanted paper.

o Shred this paper until it is very tiny, small little piece, really small that you canÕt tear

it further until it is about only a few mm.

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



o Use the round tip and not the sharp tip of your pen. Make sure the round tip is clean.

Then rub the tip of your pen against your uniform Ð a piece of cloth.

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

Some of the students succeeded in this experiment on Static Electricity (which the students

have not learned before) where the tiny particles of paper was attracted to the tip of the pen.

Quite a number of the students failed to achieve the desired result, due to the size of the

paper. Nonetheless, many were persistent, and the students repeated the attempt by ensuring

that the paper size was extremely small. The teacher succeeded  in relating facts Ð attractive

forces present around us, which is tangible - to concepts of sub-atomic particulesÕ

interactions, which is intangible. This was also an example of the succesful extrapolation of

scientific knowledge (chemistry) into a different subject area (physics) Ð an example of Basil

BernsteinÕs Òweak classification and weakframingÓ in science lesson.

Such a confluence of Òweak classification and weak framingÓ was rarely seen in the other

science lessons observed. The science lessons observed and coded, showed a marked

emphasis on rote and basic knowledge (58.2%) and procedural knowledge (51.9%). The high

value for procedural knowledge in our study findings augurs well for the mastery of

procedural skills that science students need to possess when they move into a science-related

career.  On the other hand, the high percentages for ÔRote/basicÕ coupled with the lower than

expected percentages for the ÔAdvancedÕ and ÔFacts to conceptÕ categories should be a cause

for concern to science educators and policy makers alike.



Knowledge Manipulation

This coding category deals with the process of knowledge transfer itself. ÔReproductionÕ

refers to copying and repeating of the material that was taught to students in science

classrooms. ÔInterpretationÕ presupposes that a plausible explanation is provided and the

knowledge is transferred through transduction. ÔApplication/problem solvingÕ refers to the

practical application of knowledge in novel contexts. ÔGeneration of knowledge new to

studentsÕ assumes the process of discovery when the students understand something new with

minimal scaffolding on the part of the teacher. Knowledge manipulation likewise is not

constant throughout the phase, and the same phase could be coded for several knowledge-

transfer strategies as well.

Table 11 Ð Knowledge Manipulation

Knowledge

Manipulations

Nil A little Sometimes Almost

always

Reproduction 5.7 7.6 20.9 65.8

Interpretation 28.5 21.5 35.4 14.6

Application /

Problem solving

50.6 18.4 24.1 7.0

Generation of  new

knowledge

82.9 7.0 8.9 1.3

Reproduction, which was by far the most prevalent strategy, was present in 86.7%

(Sometimes/Almost always) in the Secondary 3 sample (See Table 11). Interpretation was

present in only 50% of the phases in the Secondary 3 science classes observed.

Application/Problem solving for the Secondary 3 cohort amounted to only 31.1% or less than

one-third of all phases observed. No significant generation of new knowledge was found.  As

the scale moves from activity that requires lower-order thinking to higher-order thinking, the



incidence of such activities occuring in the science classroom drops drastically.  Transcripts I

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

Knowledge Criticism

Knowledge criticism refers to the explicit critique of knowledge. That is, second guessing the

information presented in the lesson, criticizing it, asking how it might be erroneous,

misleading or problematic. The classification of ÔtruthÕ is coded when the students accept that

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

ÔComparisonÕ is coded when the researchers observe that the students manipulate different

sources, ideas to compare and contrast. The category of ÔcritiqueÕ is deemed to be observed

when students actively challenge the validity of the sources of knowledge and/or the claims

made in the science lesson.

Table 12 Ð Knowledge Criticism

Knowledge

Critique

Nil A little Sometimes Almost

always

Truth 2.6 8.6 7.8 81.0

Comparison 60.3 19.8 15.5 4.3

Critique 72.4 19.0 8.6 0

The classroom pedagogy seen and showcased using the transcripts and vignettes in this paper

tend to point towards a non-critical acceptance of scientific knowledge during science lessons

in Singapore schools (refer to Table 12). The implications are that any scientific knowledge

presented to students is not questioned and is prevalently accepted as ÒTHE truth and nothing

but the TruthÓ by the students. This attitude of students may stem from the Asian culture



innate in the Singaporean students which forbids, or rather does not encourage, criticising an

authoritative figure like the head of the family, group or, in this case, the class Ð which is the

teacher.



WEAVING IN SCIENCE LESSONS IN 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

Frequency %

Cumulative

Percent

None 107 67.7 67.7

New-Known 13 8.2 75.9

Tech-Common 6 3.8 79.7

Theoretical-

Practical
10 6.3 86.1

Scientific-

Everyday
22 13.9 100.0

Valid

Total 158 100.0

Most teachers observed did not exhibit a great ability or desire to move across subject

ÒboundariesÓ 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.

Science lessons in Singapore schools would be, in Basil BernsteinÕs words, would be highly

classified by subject. There is a low frequency of instances where weaving takes place in



science lessons (see Table 13). Weaving was only observed in 32.3% of the lesson activities.

Although the percentage for the occurrence of weaving was much higher relative to other

subjects observed (e.g. Mathematics, English, Social Studies), the absence of weaving at a

basic level Ð that of integrating the various sciences like biology, chemistry and physics Ð is a

case for concern. In such a classroom environment, the possibility of weaving between

different subjects is a non-starter.

Changing the pedagogy of science teaching to include more questioning, discussions,

enabling healthy critique and crossing subject boundaries so as to empower the students to

recontextualise scientific knowledge would be the road to take, so as to nurture sound

scientific minds in the future citizens of Singapore.



SUM M A RY  OF FI NDI NGS

From the analysis of the findings in this study, the features of science pedagogical practice

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

¥ Most of the students in Singapore secondary schools, seem to be engaged during

science lessons and most of the science classroom time is spent on curriculum talk.

The classroom practices were found to be heavily teacher-centered, textbook-based

and content-oriented; there is comparatively little sustained verbal or other forms of

exchanges between teacher and students, and between students and students. The

lesson observations showed that the teachers did not provide adequate scaffolding and

support that would have allowed students to engage in sustained or extended

discussion.. Rather, science teachers most often conducted monologues where the

teacherÕs voice was the dominant voice heard in these science lessons. The

opportunities for students to express their thoughts and opinions orally were rare and

these rare opportunities, for the students to interact verbally, were strictly within

teacher-controlled parameters.

¥ Science teaching in most schools observed were basically accomplished through

teacher-fronted explanations coupled with a rather short IRE sequences to check on

the studentsÕ comprehension, and indirectly the studentsÕ engagement in the lesson. In

a fair number of cases, worksheets were used in place of the IRE to gauge the level of

learning by the students. In addition, problematic statements by the student are passed

over, with ÒcorrectÓ answers explicitly acknowledged in preference.

Science educators of today conceptualise science teaching to be a learning process by

means of negotiation between science teachers and students. Such a process is



virtually non-existent in the science lessons observed in this study. Possible reaons

for such a situation were highlighted by Driver et al (2000), Watson (2004) and

Newton (1999). Driver and her co-researchers, as well as Watson, concur with the

suggestion that science teachers do not have the pedagogical skills to intervene and

help students in their class discussions. Newton, while agreeing with the former two,

defers to the limitations inherent in the present-day school system Ð namely,

limitations in teacherÕs pedagogical repertoires and the time constraint faced by

educators to complete the curriculum. These suggested impediments to Òauthentic

science teachingÓ seem to be relevant in SingaporeÕs education context as well.

¥ Science textbooks are the predominant tools used in the science classroom of

Singapore schools and is closely followed by worksheets/workbooks. Although the

science teacher is the person who finally decides on the information to pass on to the

students, the teacherÕs reference invariably is the science textbook whenever in doubt.

The relative prevalence of worksheets with short Òfill-in-the-blanksÓ type of

questions, emphasised the science teachers and students focus on learning science

information. In addition, worksheets and science textbook were widely utilised during

silent seatwork and small group work. The whiteboard and OHT were used mainly to

display the results of individual or small group work.

Computer technology is mainly used by the science teachers as a tool to duplicate

worksheet exercises and to provide ready-made/prescribed answers, leaving little

space or time for interactions and meaningful negotiations. ICT is greatly under-

utilised and hardly exploited to its full potential in science lessons. The InternetÕs

educational potential is hardly harnessed in the science lessons or outside the



classroom.  Using ICT would have given the teacherÕs lesson an added dimension,

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

It was observed in this study that most of the learning technology available to teachers

in schools are simply used to transfer old pedagogies to an electronic medium. Thus,

although advances are taking place in both pedagogy and technology, they are taking

place separately. The Singapore government has spent millions of dollars to procure

high-tech hardware and execute the ICT Master Plans I and II, but what transpires on

the ÔgroundÕ is the use of these high-tech equipment in project works of the kind that

used to require the usage of scissors, old magazines and glue in the past. Teacher

notes that were written once on transparencies, are now tranferred into Powerpoint

slides (Bereiter, 2002).

¥ StudentsÕ ability to put forth their points in verbal or textual mode, and thus generate

artefacts, was not emphasised. Rather, the focus of the lesson was in getting the

ÔrightÕ answer and getting it in the fastest and shortest way possible. The data also

indicated little or no emphasis in the production of sustained texts, either oral or

written. When the students were asked to express their point of view in a coherent

way, they often faced difficulties as they had very little practice in doing such

activities. Personal or creative use of language and artefacts seemed out of place in

the science classroom.

Since almost all the student products were short oral responses, the level of

intellectual demand in the science classroom could be said to be very low. Sustained

text production is regarded as one of the key factors that determine successful student



learning outcomes and is also one of the markers for high intellectual quality. In a

sense, the science pedagogical practice can be subsequently assumed to emphasise

rote, basic conceptual knowledge. The observed pedagogical practices do not seem to

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

¥ The classroom practices focus almost exclusively on learning of content and

completing standard ten-year-series type of questions in worksheets. Information

found in the textbooks or furnished by the teachers are accepted as the ÒTruthÓ and is

never questioned or critiqued. Every problem or questions encountered in the course

of learning science has a single ÒcorrectÓ answer and this ÒcorrectÓ answer is

invariably the teacherÕs or one that is found in the science textbook. The possibility of

having multiple ÒcorrectÓ solutions to a single problem is never mentioned nor

highlighted. All problems have a definite solution Ð which is not the case in the real

world.

Some science teachers have a generally lower expectation for their studentsÕ learning

capabilities, and rate or treat studentsÕ prior knowledge to be lower than it actually is.

These science teachers get their students to underline/highlight phrases and sentences

in their textbooks that they feel is important for the students to know, so as to excel in

the assessment tasks. The students seldom seem to know the reason why some phrases

are highlighted and no one bothers to find out. The general assumption among the

students is that these scientific phrases are important and may Òcome out in the

exams, so make sure you memorise themÓ.



CHAPTER V - DISCUSSION AND IMPLICATIONS

DISCUSSION

It is crucial to mention that these findings are preliminary findings, from which generalisation

could not be easily made, but a few implications for the science pedagogy are worth

discussing below.

The science teachers observed in this study, tend to show an overwhelming sense of

commitment to their pedagogical work and their students. Science lessons were rated very

high on the time spent on curriculum-related talk by the teachers. Students were seen to

engage in their learning tasks during most of the class time. When students engaged in

learning with their teachers, there was no evidence of open resistance and little evidence of

passive resistance of statistical significance. In spite of the seemingly high student

engagement values, there was no other evidence to suggest that these students were critically

engaged.

The science teachers in Singapore classrooms are focussed on imparting curriculum

knowledge to their charges. However, the findings of this study seem to show that the science

teachers generally use the traditional teaching strategies in their pedagogical practices and

lack innovative approaches which could have been used to stimulate the interest of their

students in science. The classes were largely structured into two dominant modes or phases:

formal teacher-fronted lectures and IRE patterns. In the few student-centered activities that

was observed, such as small group work, the students were typically required to do exercises

on the worksheet, filling in words or phrases. Students extracted most of these words or

phrases from their textbooks or notes (provided by the teacher).  There was no evidence of



free flow teacher-student interaction or even student-student discussions. The teacher-fronted

monologues rendered the students as passive listeners rather than active participants Ð as was

mentioned earlier when discussing studentsÕ engagement level. The rigid IRE patterns in the

teacher-front setup, decoding word forms and meanings is a departure from the real-world

scientific discussions, conceptualisation and recontextualisation which a student of science is

expected to be educated in, so as to be able to participate and contribute effectively to the

scientific community of Singapore and globally.

In one approach to learning, a learner copies or models the symbols and behaviours of

someone else. Although the learner learns, there is no new  knowledge created. In another

approach, an unfavourable comparison motivates a less successful system to experiment

without copying. Innovation that result in success are adopted as a standard practice, and the

system arrives at a new understanding of how best to operate in its own context. The total

amount of knowledge is increased and furthermore, reflection on the contrasts can result in

construction of higher-order explanations for the disparate phenomena. Knowledge gained

through experience is superior, not only for its fit to context but also because it facilitates

further innovation. Similarly for studentsÕ learning process in schools. The current practice of

learning by reading and memorising phrases, experiments, results, etc without some form of

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

Transposing these two types of learning onto the data in this study, the typical science

classroom pedagogy in Singapore is more supportive of imitative learning, rather than the

more superior experiential learning. Science students who graduate from the Singapore

education system would tend to be strong on content knowledge but weaker in problem-

solving skills and the ability to Òthink on the groundÓ.



We find that in general there is an overwhelming predominance of strong classification-type

teaching and curricular culture in Singaporean classrooms. Most teachers that were observed

exhibited a lack of ability or desire to move across subject ÒboundariesÓ while conducting

classroom lessons in a specific subject matter or topic. To students of science, this gives the

impression that each discipline is independent of the other and there is no congruence in

knowledge among the various science disciplines, let alone other non-science fields. Such a

view among students does not dovetail well with the desired goals and outcomes of education

of the Singaporean government.

IMPLICATIONS

In the international arena, science educators have suggested that many benefits accrue from

engaging students in scientific activities like experiments, inquiry learning, etc (Garnett et al.

1995; Hofstein and Lunetta, 2002, Lunetta 1998, Tobin 2004). More specifically, they

suggested that, when properly developed, inquiry-centered science lessons have the potential

to enhance studentsÕ meaningful learning, conceptual understanding, and their understanding

of the nature of science. Inquiry-type experiences, both in the science laboratory and in the

science classroom, are especially effective if conducted in the context of, and integrated with,

the concepts being taught. Science has to be presented to the students in ways where the

theory is connected to the childÕs world, their day-to-day experiences. Clinging to the old

methods of instruction of memorization of facts and meaningless tasks-dominated teaching

(worksheet culture) and leads to uncoupling of the childÕs world from the scientific world.

The consequence of such an uncoupling would result in students hating science and shying

away from science related careers (Solomon, 1991).



Authentic learning, according to Fred Newmann and his co-researchers (1995), is directly

related to meaning-making and hence to levels of engagement of the students in the

classroom. Accordingly, the level of student engagement in the classroom would determine

the degree of transfer of learning to issues and problems faced outside of school. This is

relevant to the Singaporean context. In 2001, the then Minister for Education, Mr Teo Chee

Hean stated in a policy speech that, ÒÉ we (the Singapore government) recognise that mere

knowledge is not enough. It is the ability to create and use new knowledge that is more

crucial.Ó As such from the policy makers standpoint, the ability to generate new knowledge is

valued more in a student of the 21st century rather than the collection of Ôsecond-handÕ

knowledge.

Robin AlexanderÕs Òemerging pedagogy of the spoken wordÓ (2005b) envisages how the

power of talk can be harnessed to shape childrenÕs thinking and to secure their engagement,

learning and understanding in the 21st century. Although he proposes this with reference to

elementary and primary school children, it is relevant to students learning science at the

higher levels too. He suggests Òdialogic teachingÓ as an example of what he terms the

Ôemerging pedagogyÕ. Dialogic teaching is distinct from IRE, question-answer and listen-tell

routines. It is more systematically searching, reciprocal, extended and is propelled by deep

knowledge and understanding, consistent with the rich Vygotskian tradition and BrunerÕs

concept of scaffolding. Dialogic teaching goes beyond the ÒArgumentation TheoryÓ of Kuhn

and others. Dialogic literacy is defined by Bereiter and Scardamalia (2005) as the ability to

engage productively in discourse whose purpose is to generate new knowledge and

understanding. The authors further proclaim that dialogic literacy is the fundamental literacy

for a knowledge society, and educational policy needs to be customised so as to make it a

prime objective.



Science pedagogy in Singapore schools is heavily weighted towards the lower order thinking

skills. The current situation would ensure that Singapore scores high in the TIMSS testing,

but that does not neccesarily translate to a future workforce with the ability to adapt to the

ever-changing needs of SingaporeÕs economy. There should be more higher order knowledge

manipulation in these science lessons, like knowledge critique, synthesis and reformulations

or recontextualisations of scientific ideas by the students. Simple regurgitation in the form of

repeating what is found in the textbook or the teacherÕs notes, memorisation of scientific

phrases and definitions without understanding, filling in the blanks in the worksheet, etc,

which seem to be prevalent in Singapore science classrooms, results in superficial

understanding of scientific concepts. The science lessons observed in this study, lacks both

extended oral and written exposition of studentsÕ understanding, and scientific Ôconversations

or dialogueÕ is non existent in science lessons. This scenario is typical of most science lessons

in Singapore schools.

At a time where the SingaporeÕs economy is repositioning itself more intensively into science

related industries like nanotechnology, petrochemicals and genomics the probable result of

current science pedagogy would not be too helpful to propel Singapore into the next era

where cutting edge technology-based industries would lead the economies of the world.

Taken together Ð the patterns of instruction and curriculum described in this report highlight

the limitations of the current system. For Singapore to advance to the Ônext stepÕ in the

development of science teaching, there has to be a shift towards more student-centered

discussions which engages them effectively and where the students feel no restriction in

exploring possible rather than probable answers to scientific problems. Only in a climate

where student-teacher interactions and student-student interactions are prevalent, where

asking questions becomes second nature to aspiring scientists would we see true scientific



learning taking place. Such an educational climate would augur well for producing citizens

with low risk-aversion and who would be well-adapted to the dynamic sets of requirements of

the knowledge economy of the future.

It may well be that, if teachers dominate the class with monologues and the rigid IRE

patterns, students are very likely to lose their interest and motivation for learning science.

Given the lack of generative scientific text production Ð either spoken or written Ð there is no

way for the teacher to ascertain the misconception created in the studentsÕ minds, as the

person who is verbalising nearly all the time in the class is, alas, the teacher. Therefore, we

can conclude that in secondary science classrooms the emphasis is firmly placed on the

teaching of basic skills. Moreover, basic knowledge is often presented in a decontextualised

manner, without focusing on the active real-world re-application, recontextualisation of the

scientific knowledge being learned/taught. Changing the pedagogy of science teaching to

include more questionings, discussions, enabling healthy critique and crossing subject

boundaries so as to empower the students to recontextualise scientific knowledge would be

the road to take to nurture sound scientific minds.



CHAPTER VI Ð CONCLUSION

Initiatives in schools, like the Project Work Initiative, ICT Master Plans 1 & 2, are examples

of schoolsÕ efforts to broaden learning in the classroom. Such initiativesÕ success will relate

increasingly to the ways in which experience gained during schooling years can enculturate

students for the future. These experiences must be rich in relevance to the childÕs world, for

studentsÕ immediate learning and for the application and transfer of their learning to

educational, vocational, social and civic settings in the future. The observed pedagogy in the

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

The Singapore education system is positioning itself to generate Òthinking, flexible, proactive

workersÓ for the future needs of the island nation.  Her industry leaders lament for creative

problem solvers, smart workers skilled enough to move with new technologies and with the

ever-changing competitive environment. The Singapore economy needs people who can

think in innovative and novel ways, who are comfortable in articulating problems and

envisioning solutions beyond the conventional, so as to beat off the stiff competition from

growing, fledgling economies in the region.

John Dewey (1902) used the phrase ÒSisyphean CycleÓ to describe the  failed reforms in the

United States in the earlier part of the 20th century. Singaporeans would bear witness to many

a ÒSisyphean CyclesÓ in Singapore education system, if the true nature of the reforms and the

reasons for its failures or intransigence are not recognised. It would be foolhardy to

implement reforms after reforms to enact the required changes if the complex nature of the

situation in the schools, the impediments to reforms that is consistently faced by the teachers,



school administrators and the stakeholders, the parents, are not highlighted and addressed or

alleviated.

The Òblind spotÓ mentioned in the introductory chapter of this dissertation about the possible

reasons for the conflict between Singapore studentsÕ consistently outstanding TIMSS

performance, and the percieved low levels of conceptual understanding of science graduates

from the Singapore education system, needs to be acknowledged. Referring back to the four

research questions for this study, in reverse order Ð in order to envisage science lessons in

Singapore schools which can produce students who are able to exhibit critical thinking4, the

students need to be immersed in higher order knowledge3 of critique, discussions and

intellectual negotiations. To enable a discursive learning process steeped in higher order

knowledge, would need appropriate and relevant tools2 to be used by the teacher and

authentic artefacts2 to be generated by the students. To facilitate such a classroom interaction

and culture, the activity structures1 and choice of pedagogy is paramount.

This dissertation gives the readers an insight, a window, into the learning environment and

the factors at play in a typical Singaporean secondary science classroom. The major

significance of this dissertation, as pointed out by an educational researcher and teacher

trainer, is that nobody has gone into this many classes in so many schools, and stayed for the

duration of a few lessons (decided by the teachers themselves) and collected this amount of

data to base their findings on. As such, the findings should prove useful for further research

into Singapore science teaching

Òend  of  d i sser t at i onÓ
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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 donÕt remember ask the student next to you. Is source of knowledge
textbook or student?

A: Source is still textbook.  Ask yourself: WhatÕs the Master Discourse? WhatÕs the source of
truth?  In many cases, students are only acting as a cipher for the textbook.  WhatÕs 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 studentsÕ understanding,
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 studentsÕ overall 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
timeÑwhere 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 Òconcrete, pictorial, and abstract Òrepresentations of
mathematical relationships. How were these included, and sequenced, across the unit?

Science: Here, ÒinquiryÓ 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 ÒcommunicativeÓ emphasis, 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
v s .  C o n c e p t u a l
understanding

Science
Inquiry

English
Meaning vs.Form

Meaning is given more emphasis than form. Teacher uses KWL (K= what you
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 Ôrunning recordÕ of the phase as it proceeds, then making your coding entries afterwards.
There is a place for you to make anecdotal notes.  This is for ÔflaggingÕ the transcript for further
detailed attention in Panel 4. You should include information on the following:

¥ Thematic unit Ð indicate the title of the unit observed
¥ Topic Ð indicate the subtopics within a lesson
¥ Sequence of main activities Ð describe the sequence of main activities in prose
¥ Taped group interactions Ð indicate if this is present for the purposes of transcription
¥ Materials Ð specify title of materials used during instruction if you can

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, studentÕs NRIC, 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)
(ii)  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 ÔInstructions to TeacherÕ sheet 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, studentÕs 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 B.

(iii) 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, studentÕs 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
studentsÕ answer 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, studentÕs NRIC, and sample ID. Please
ensure that the teacher has: (a) labeled the quality of studentsÕ answer 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 observedÐ 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 ÔTime EndÕ item is located before ÔSOCIAL SUPPORTÕ.

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 ÔConflictÕ, the subtopics in a lesson could be ÔDefinition of conflictÕ, ÔConflict
resolutionÕ, 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: ÒFirst the 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.Ó

PHASE
Each ÔphaseÕ in a lesson should be coded on a separate excel worksheet. Phases are defined as
distinct shifts in Ôactivity structureÕ (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.
I have the picture to show you afterwardsÉ  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 IndiaÕs lowest 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, heÕs
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 heÕs the governor.

Student 1: So called governor.

Student 2: When he goes toÉ

Student 1: He is trying to promote the rights of the Untouchables in India.  Get what I
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?  É  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 studentsÕ writing 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 Ô1Õ
for ÔYesÕ  in the excel sheet under the phase of Ôsmall group workÕ so as to facilitate transcription work.
If they have not been recorded then key in Ô0Õ for ÔNoÕ.

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, whatÕs coming 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, I will get the History rep to go
and count the number of votes.  IÕm sure sheÕs an 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, isnÕt it?  Yes or no?

Class: Yes.

Teacher: What did I say from my very first lesson?  You have to reach the lab or any
place I am holding my lesson within 5 minutes, isnÕt it?  Similarly, I do the
same thing, right?  I try to go to your class within 5 minutes, and the lesson
starts within 5 minutes, right?  I donÕt want to waste time and I donÕt want you
to waste your own time as well.  Now, do you realise that today, almost every
practical lesson I 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., ÒThis will be useful when you take your O- levels examÓ.

¥ 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.  ItÕs easier
and itÕs faster.  [This can be seen as encouraging, depending on the
teacherÕs 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 = A little
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 Ôfinal arbiterÕsÕ of ÔtruthÕ or validity or value.
Where does the Ôbuck stopÕ? Unless 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 NoahÕs Ark?

Teacher: Oh!  In the bible.  I think itÕs Old TestamentÉ  (Student 1Õs name), I think
there are not too many Christians out here so they may not know NoahÕs Ark.

Student 1: God sent it.

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

Student 2: All these are religion, and É

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.  WeÕve already 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: TeacherÕs verbal 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
studentÕs tools, 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 Ð 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



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 Òteacher monologueÓ if the students are referring to a handout entitled
ÒDinosaurÓ or Òworksheet 1Ó then 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 = A little
2 = Sometimes
3 = Almost always

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

¥ Integrated project: For integrated projects, include both formal Ôproject workÕ 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 ÔwholeÕ task pr
activity to be completed by the students.
0 = Nil
1 = A little
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 Òorganisational talkÓ under Framing above. Here it refers to the task itself. That
is, the how to and practical application of the knowledge.  ÔBasicÕ constituted in relation to
age/background of children, grade level, and syllabus/field conventions.

¥ Fact/Rote/Basic: representation of basic facts, information from the field, ÔbasicÕ
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 = A little
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 = A little
2 = Sometimes
3 = Almost always



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

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

Teacher: Now you can start reading the readings, alright?  As you are reading, I 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 locationÉ

(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 = A little
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 = A little
2 = Sometimes
3 = Almost always

¥ Interpretation: Creating a plausible explanation among choices.
0 = Nil
1 = A little
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 = A little
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 = A little
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
Ôlanguage about languageÕ). In other disciplinary fields this involves technical terminology, E.g. ÒIn
Maths, we call this _______Ó or ÒIn Physics terms, this is known as ______Ó.

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 = A little
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 = A little
2 = Sometimes
3 = Almost always

Phase Weaved with: Please indicate the phase which the teacher is weaving with. Key in Ô1Õ for
ÔPhase 1Õ, Ô2Õ for ÔPhase 2Õ, etc. If the teacher is weaving with a previous unit or lesson, please write it
in the item ÔDescribeÕ.
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 ÔlevelsÕ are
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.


