
Research Initiative 1 Margery Osborne 
 
A FORMATIVE EVALUATION OF DNAC TEACHER INSERVICE MODELS The DNA at NIE 
laboratory was founded in 2002 to bring together scientific expertise with teacher educators and 
to provide teacher inservice in the new biosciences. It currently provides regular content-
upgrading and new science inservice courses to Singaporean teachers, government official and 
others. This grant is designed: (1) to document existing inservice program curriculum; (2) to 
review it in light of known best educational practice; (3) to conduct formative evaluations of 
programs in progress; and (4) to develop design principles and planning for new inservice 
activities and developments. It combines CRPP research expertise in Science Education with 
Natural Sciences Group expertise in DNA education, and draws upon consulting expertise from 
the University of Utah. 
 
FINDINGS 
RECOMMENDATIONS 
Conduct a Teacher Survey 
This survey will provide concrete data to inform further design and development of the DNAC 
courses and programmes. The remaining recommendations in this report should be modified 
based on the information gained from this survey. 
 
The survey would include questions that elicit information on teachers‘ needs for life science 
training courses, the types of knowledge and materials they want to gain from courses, their 
expected role in their school after taking a life science-related course, their preferred course 
format (days and times), and their preferred course locations. The survey would explore the types 
of rewards teachers are looking for and their motivations for taking courses as well as barriers to 
their attending courses and to implementing what they learn in courses. 
 
Institute a MOE Seconded Teaching Fellows Programme 
The Seconded Teaching Fellows Programme would recruit primary and secondary-level teachers 
to work with the DNAC.  
 
Long-term Fellows would work for periods of 1-2 years and enroll in NIE graduate-level courses. 
Short-term Fellows (during school breaks or holidays) would work with long-term Fellows and/or 
content experts to: (1) develop a new hands-on activity or project for use with students, or (2) 
prepare a workshop for presenting at their school or cluster. Having pairs of teachers from the 
same school would facilitate implementation of the activity, project or workshop. 
 
The long-term Fellows would teach courses (such as the Road Show courses) or co-teach 
courses with content experts. They would share with teachers in the courses their experience of 
what works well with students in terms of pedagogy, content and hands-on activities. Primary and 
secondary teachers would work with courses designed for their respective levels. Since the 
teaching approaches and student populations differ between neighborhood schools and 
independent/autonomous schools, Fellows will be most effective sharing their experiences with 
teachers who teach in the same type of school the Fellow has taught in. 
 
Develop an articulation between DNAC courses and NIE degrees 
This articulation would help provide an opportunity for teachers without a degree to earn one. It 
could particularly serve the 40% of primary-level teachers who do not have a degree. Such an 
articulation would give DNAC courses a competitive edge over those offered by vendors and 
private consultants. 

 
Enhance DNAC courses to best meet teachers’ needs 
Develop courses for specific audiences, such as: 

o Primary level teachers 
o Secondary level teachers 
o Teachers of different streams, particularly the lowest stream of students  



o Secondary level teachers who want advanced techniques and ideas for student projects 
o Teachers at neighborhood schools 
o Teachers at independent or autonomous schools 
o Non-science teachers who want to learn about life science for their own enrichment 

and/or to help their children and grandchildren; i.e., ―Life Science for Poets‖ 
 
Closely align the content of the courses to the current and/or new syllabus for each level and/or 
stream. This is particularly important for the primary level, where teachers are unsure about what 
they should be teaching. 
 
 
Add IT-based communications with the DNAC’s target audiences 
Communicate regularly with HODs, subject heads and past course participants through a bi-
monthly electronic newsletter.  
 
The newsletter would advertise upcoming courses and could include interesting new life science 
related discoveries, recommended resources, etc. The newsletter would keep the DNAC in 
teachers‘ consciousness as a resource for them. 
 
Provide a place on the DNAC website where teachers can also register to receive the newsletter. 
 
Add bulletin boards and chat rooms to the DNAC website for teachers to share their experiences 
and ideas. 

 
Advertise the DNAC at teacher conferences and meetings 
Present short workshops to give participants a ―taste‖ of DNAC courses. Workshops or 
information sessions could also be presented at cluster meetings. 
 
Have a booth at teacher conferences and meetings to let teachers know what the DNAC offers to 
them. 
 
Add a DNAC Road Show 
This van, bus or tractor trailer, covered with engaging life science-related artwork, would take 
DNAC courses around Singapore (and even to other Asian countries).  
 
The Road Show would serve as a traveling classroom or as highly-visible transportation for 
transporting course materials and instructors. It would also serve as a traveling advertisement for 
the life sciences and the DNAC. The DNAC might hold contests for students to design the artwork 
on specific themes, with the winning team implementing its design. Changing the artwork fairly 
frequently would help to keep it interesting.  
 
The Road Show would meet the need for in-school teacher workshops that schools are currently 
hiring vendors and private consultants to provide. The DNAC also might consider providing 
courses and workshops tailored to the needs of individual schools, as the vendors do. 
 
The Road Show could involve a collaboration with the Singapore Science Centre for student 
programmes and/or a traveling exhibit  
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Life science initiatives in Singapore schools This proposal is a continuation of the work 
described by grant ―A Pilot Study of Accessing Long Term Impact of Teaching Modern Biology‖.  
We propose to extend the assessment and evaluation of the DNA Centre at NIE and professional 
development activities in molecular biology and genetics accomplished under the first study to an 
evaluation of life science initiatives in Singapore schools, a better understanding of the impact of 
current professional development programs on teacher‘s practice, particularly we wish to 
investigate the impact of MOE‘s initiatives in enhancing life sciences activities in the schools 
through enrichment programmes, and a documentation of how teachers respond to the 
announcement of the forthcoming 2006 science curriculum.  We anticipate that this study will 
allow us to make concrete and specific recommendations for the development of professional 
development activities for teachers as they prepare themselves to teach the new curriculum. 
 
Findings 
 
Paper 1 
Science Teaching in Singapore: A Bernsteinian Analysis 
Devi Aritan, A. M. Venthan,   Centre for Research on Pedagogy & Practice 
Margery D. Osborne 
Objectives Since the advent of worldwide comparative testing in education (Robitaille et al, 1993; 
Peake, 1996; Schmidt et al 1997) Singapore has been known for its successful student 
achievement in science and mathematics. No detailed descriptions or research into science 
education or pedagogy exist, however, that might cast light on the qualities and causes of their 
success. Generally, success in these 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 exists to date.  
In this paper we describe an empirical study ofscience teaching in secondary school classrooms 
in Singapore in general terms drawing from a large (approximately 55 schools, 250 lessons) set 
of observations (Luke and Freebody, 2004) to construct our composite picture. We do a close 
ethnographic comparison of science teaching and curriculum in two different secondary schools 
at the same class level (secondary 2, equivalent to US grade 9). These two schools, while both 
―public‖ schools and government supported, serve two, very different populations of students. The 
first school is a neighborhood school with a high proportion of low SES, Malay children, who do 
not complete O level testing. The second school is an ―elite‖ school of primarily high-income 
Chinese children most of whom will attend university either in Singapore or abroad.  
 
Results Singapore is a small multiracial, multicultural island city-state located at the southern tip 
of the Malay Peninsula. Its schools are patterned in some respects after those of Great Britain but 
Singapore has consciously used the schools to craft a cohesive national identity since its 
independence from Malaysia in 1965. At the core of this agenda are moral values of racial 
harmony, group responsibility, loyalty and nationalism. There is a national curriculum set by the 
Ministry of Education and all teachers are prepared through one agency, the National Institute of 
Education (also affiliated with the Ministry of Education). 
Singapore is very proud of its performance on international tests such as TIMSS. While 
appreciating this success, many feel that the students produced by the schools that go on in 
maths and science have what could be called useless knowledge--ie they can score well on tests 
but they can do little creative with their knowledge. The Singapore government has turned the 
lack of perceived innovative thinking in science and engineering into a motivating ―crisis‖ in their 
attempts to construct new pathways in curriculum and pedagogy. They have issued a number of 
policy statements on how to address this (for example Tharman, 2004) and are in the process of 
implementing a new science curriculum. They have declared that they want to be in the forefront 
of biotechnology research and development (ie carve out a unique niche for themselves in this 
area) and to do so they need to create scientists who are creative innovators who are also 
infused with an entrepreneurial ethos. Singapore, on the other hand, is a test-driven country and 
one that culturally respects tests, credentials and other, achievement driven, markers of success. 



This translates into a stressful and contested environment in the schools. 
In schools the expectation is that teachers teach an inquiry driven, problem based 

curricula in what curriculum writers call the "new sciences"--primarily biotech sciences but also 
some IT-- ones that are not "biology", "chemistry" etc but rather "genetics", "microbiology", 
"biochemistry". Teaching here is, in reality, remarkably patterned and consistent and so is society 
as a whole-- basically people (and students) act their role to its maximum--so they are good 
secretaries, good sons, good students, good teachers. They work many hours, 6 days of the 
week, not questioning their tasks but doing them to the best of their ability. The classroom 
interactions we have seen in science are extremely patterned and ritualistic: the teacher starts 
with 5-10 minutes review lecture with answer checking, the students do a 10 minute, fill in the 
blank worksheet, the teacher goes through the worksheet and then introduces new material by 
lecture with answer checking; no discussion, students questions are procedural. What stratifies 
students is primarily their fluency in English--the medium of instruction which is not, frequently, 
the language they speak at home.   

We have conducted two ethnographic studies of science teaching at the secondary 2 
level in two contrasting schools that stand out as being quite different from this composite picture. 
In the neighborhood school, which serves a large percentage of lower income Malay and Tamil 
students classroom science instruction deviates from the picture painted above. Although much 
instruction is the same, in practicals (labs), in particular, students extend experiments to test their 
own hypotheses and make connections to outside the classroom experience. The subject of 
instruction is discussed in the context of practical applications and current affairs. In addition 
much emphasis in the school is placed on extra curricular activities, projects and ―attachments‖ 
(2-4 day visits to various businesses and intuitions). In these activities doing practical science is 
embedded and/or the practical uses of science education are emphasized.  

The second school is an ―elite‖ school serving primarily Chinese, high SES, college-
bound students. In this school, instruction is much as in our general description; however, it is 
enriched by the quality of probing questions asked by students and the depth of knowledge of 
science portrayed by the teachers. Rather than the extra curricular activities of the neighborhood 
school, the elite school has ―enrichment‖ activities in which external providers--experts in various 
content fields (ie biotechnology or genetics-- come to the school and run weeklong workshops for 
the students.  

 
Significance According to Bernstein, curriculum that is differentiated and separated into 
traditional subject knowledge would be considered as having a ―strong classification,‖ while an 
integrated curriculum with weak boundaries between various subject areas would be considered 
as having a ―weak classification”. Analyzing both our broad picture of science instruction in 
Singapore and the case studies of the two schools using Bernsteinian categories and constructs, 
we find that in general there is an overwhelming predominance of strong classification-type 
teaching and curricular culture in Singaporean classrooms. The elite school is much more likely to 
exhibit strong classification of subject areas and the neighborhood school ―weak‖. Most teachers 
we observed exhibited a lack in ability or desire to move across subject ―boundaries‖ while 
conducting classroom lessons in a specific subject matter or topic. This is highlighted when we 
look at the low percentage of integration of subjects or topics within the observed lessons. 
Teachers exhibit unease in relating scientific concepts to day-to-day examples and applications. 
This is in marked contrast to what we see in the neighborhood school. In Bernstein‘s work such 
qualities of teaching and curricula were associated with social and class reproduction. This is not 
necessarily so in Singapore where categories used to classify students are complicated by race 
and culture and the role of teachers as curriculum interpreters is fundamentally conflicted.  

The assumptions and processes that curriculum writers and teachers go through to 
construct such differences as we see between elite and neighborhood schools and, then, the 
effects these have on children, form the substance of Bernstein‘s work as applied to British 
schools. According to Bernstein both curriculum and teachers (representatives of the fields of 
symbolic control and of production) differentiate their pedagogical approaches by strength of 
framing or classification of knowledge, the effects of applying subject knowledge to ―real life‖ 
problems, and the transmission of alternative versions of the ―same‖ subject, according to 
perceptions of what is appropriate for students of that ―kind‖ of ability or social background. The 



first, or strong classification of knowledge, is associated with ―elite‖ teaching and the second and 
third with teaching to the working classes. This translation occurs by recontextualizing rules that 
are what Bernstein calls ―the pedagogical discourse.‖ In this way school curriculum is constructed 
by selectively dislocating discourses from the places where knowledge is originally constructed, 
and then relocating and reframing them in the secondary context to form the ―pedagogic text.‖ 
When such a recontextualization takes place, the discourses concerned will be transformed by 
the rules in the secondary context—either by the curriculum or the classroom and pedagogy. 
Such rules mediate the social order through distributing different forms of knowledge and 
consciousness to different social groups. This happens in two places, the first is when curriculum 
is written and the second when it is enacted.  

While in many ways the recontextualization we see in Singapore in the different settings 
appears to reenact the reproduction of social class differentiation Bernstein describes in Britain. 
In Singapore, however, ―class‖ is complicated by factors of ―race‖, ―culture‖ and language and 
both teachers and curriculum writers are expressing their own awareness and attempts to 
address this by how they choose to enact science teaching or portray science content. It might be 
possible to ascribe the success of Singaporean students on assessments such as TIMSS by the 
ritualized teaching and the general test-driven nature of schooling but the larger picture is more 
complex as are the definitions of constructs such as social reproduction and transformation in this 
context. 
 
 
Paper 2 
Synergy among the Educational Bodies catering to Life Science development in Singapore 
– An Overview  
A.M. Venthan & M.D. Osborne 
 
To reflect changes in the nature of the ―new‖ sciences such as biotechnology and to encourage 
the development of an innovative and forward thinking citizenry, the Singaporean science 
curriculum is being changed. In anticipation of this, professional development activities for 
teachers and special programmes for schools are being conducted. An evaluation of these and a 
better understanding of their impact seems important now, in advance of the roll out of the new 
curriculum. In this study, we investigate the impact of MOE‘s initiatives in enhancing life sciences 
activities in the schools through enrichment programmes and professional development. By 
collecting data through ethnographic methods, including observations, interviews and analysis of 
artifacts, we juxtapose the needs of the life science teachers to the training objectives of the 
service providers. 
 
We report on the apparent lack of communication and synergy among educational bodies in 
formulating professional development activities to cater to the needs of life science teachers. This 
failure to dovetail training activities into a neat jigsaw leads to wastage of valuable resources -- 
there is a significant amount of replication of training objectives, teachers seem unempowered by 
professional development activities, students experience little ‗connect‘ between activities 
advocated by the providers and their curriculum. Our findings showed that the professional 
development providers, schools and teachers were operating in their own ‗exclusive island‘ with 
little or no knowledge of other organizations‘ training activities and resources. Addressing this 
situation would significantly improve the efficient use of resources (monetary, intellectual and 
timetable) available to the schools.  
 
Paper 3 
Lab Reforms in Singapore Secondary Schools 
A.M. Venthan & M.D. Osborne 
 
 The change in the science lab design in secondary schools - from the ―traditional two-columned‖ 
format, in which students are seated, front facing,  in lines, at lab benches to the cluster-format, 
where students sit in groups facing one another at tables – reflects one of the many reforms in 
science education in the Singapore context. This study explores the problems faced, by both 



experienced teachers and novice teachers, in trying to adapt to the change in the lab design and 
the ensuing change in their students behaviour. The traditional design tends to cause students to 
conduct lab experiments in a relatively isolated manner and in a way that is easily visible to the 
teacher. The cluster design encourages a more participatory, discussion-based, collaborative form 
of experimentation, with students grouped around the experiment they are conducting. This is, in 
the minds of many science educators, a step forward in school-based science laboratory work. The 
question to ponder would be, ―Are our teachers equipped with the appropriate pedagogy and class 
management skills to handle the new lab layout and whatever it entails?‖ 
 
This ethnographic study compares classrooms in two Singaporean secondary schools in order to 
document events in the practical lessons. The aim of this study was to explore the problems 
faced by both experienced and novice teachers, in trying to adapt to the change in lab design and 
the behaviour management issues that arise when children sit facing each other. For both the 
experienced and novice teacher, behaviour management becomes the focus and the solutions 
these teachers arrive at seem to undercut the philosophy that led to the redesign of the labs. 
Leading from this study, the professional development needs of the teachers that would empower 
them to efficiently utilise the changes in lab spatial arrangement could be identified. 
 
 
Paper 4 
A Look into the Biology Laboratory: Comparing Bernstein and Lyotard 
Tan Aik Ling & M. D. Osborne 
ABSTRACT 
 

What counts as scientific knowledge in Singapore science laboratory? This paper is a 
study of the classification and framing of ‗biology‘ in classroom discourse. It looks at micro-
analysis of transcripts in the Biology laboratory to illuminate learning of Biology. The transcript is 
analysed from two different lenses, one using Bernstein ideas of classification and framing and 
the other using ideas of scientific knowledge from Lyotard. Complementarily between the two 
different analyses is sought. 

This paper is important in two aspects. Firstly, it presents two ways in which interaction in 
the laboratory can be analyzed and understood. Secondly, it helps to establish the relationship 
between theories and the events that actually takes place in the laboratory. This has implication 
for improving classroom practices and also to inform theories in science instructions. It also 
enables us to query the ‗success story‘ of Singapore science education and describe the 
discourse construction of scientific knowledge in science laboratory. 
 
A. OBJECTIVES  
  

What counts as scientific knowledge in Singapore science laboratory? This paper is a 
study of the classification and framing of ‗biology‘ in classroom discourse. It uses microanalysis of 
transcripts of Biology laboratory sessions to theorize the learning of Biology in a secondary 
school. The aim of this study is to present two ways in which transcripts can be analyzed. Two 
episodes are selected from the transcripts and the analyzed using the works of Bernstein and 
Lyotard. The complementarily or the lack of complementarily in the two different analyses are 
then examined. We believe this work is worthwhile as it offers insights into learning of Biology 
which cannot be illuminated by the usual methods of discourse analysis in the classroom. It also 
enables us to query the ‗success story‘ of Singapore science education and describe the 
discourse construction of scientific knowledge in science laboratory. 
 
E. RESULTS AND DISCUSSION 
  

 Two episodes are used in this discussion. Both episodes occurred during the same 
practical lesson. The task for this lesson is for the student to draw the underground storage 
organs of the ginger, onion, potato and water chestnut. The knowledge of asexual reproduction is 
a requirement in the syllabus, where the students learn about the different means of natural 



vegetative propagation. It relates to the scientific skills requirements of the syllabus. Although 
scientific practical skills are not spelt out explicitly in the syllabus documents, teachers deduce 
and infer what skills are important and required from the yearly examiners‘ reports that are 
handed out each year to them. In these reports, the examiners highlight the problems that 
students make in the examination held the year before. The report also states the grading criteria 
used for the examination. Much of the teaching and emphasis of the practical skills in Biology is 
hence re-contextualised based on these examiners‘ feedback reports.  
 
Excerpt 1: Biological Drawings 
1. 
2. 

T: … You are expected to draw, I want to remind you certain things about drawing. 
What about biological drawings? Other than no shading, 

3. S: One stroke. 
4. 
5. 

T: Ah, clean lines, one single line that goes round one layer, ok? No sketching ah, 
don’t you go and draw me a thousand and one lines, ok? What else? 

6. S: Big 
7. T: Proportional, big. How big? 
8. S: Cover three quarters of the box. 
9. 
10. 
11. 
12. 
13. 
14. 

T: Cover three quarters of the box, so by the time you label, it covers the whole 
thing, ok? And please ensure your pencils are sharp, if not you have to redraw, 
ok? So you are expected to draw all four specimens including one more 
specimen, one more section of cut onion. Now, any questions? You find that 
inside each tray, there are enough specimen for everybody. You just draw one 
first and then you finish, you exchange, ok? 

 
Excerpt 2: Cannot Shade 
1. T: You can see striations on the leaves, then you just draw. 
2. S1: Can ah, cannot shade. 
3. 
4. 
5. 
6. 
7. 
8. 

T: Draw striations, lines, not shade. These are important, right, these are nodes, you 
can see the scale leaves. Ah, please note the orientation of the scale leaf in 
relation to the node. If the nodes are there, in relation to the scale leaf, being 
turned, where is it attached, go upwards or go downwards, alright, so what? So 
you need to draw the whole thing because you see the stem, right, then what 
happens is buds of, or another rhizome branch grows. 

9. S: How to draw? 
10. 
11. 
12. 

T: What how to draw? So, that means you draw the rhizome and you have this 
things coming out this way already, that means this way, right. This one was 
originally growing in this direction (2). ………………. 

13. S: Ms Lai, so you just draw the node, draw the new rhizome branch, then what else? 
 
Through the lens of Bernstein  
 

From excerpt one, very clear instructions were given to the students about how they should 
be representing their specimens as biological drawings. These rules are communicated to the 
students and reminders verbalised to ensure that they understood. No avenues are allowed for 
students to expand or deviate from the intended answers that the teacher sets for the students to 
map their learning of the intended concepts. 

The framing of the episode is very strong (++F) as the teacher went through exactly what the 
students are expected to do. Firstly, they were reminded that there should be ‗no shading‘, then, 
they should be drawing with ‗one stroke‘, there should be ‗no sketching‘ and that the drawings 
must be ‗proportional‘. These ‗rules‘ for biological drawings are spelt out clearly in the science 
practical book. The important point here for the teacher is to ensure that the students are able to 
carry out what is stated in the ‗rules‘. The students appear to be comfortable with recalling these 
rules from the way they are guided by the teacher (lines 4 and 7). Bernstein (1990) examines the 
concept of framing and defines it as the location of control over the rules of communication. 
Strong framing located control with the transmitter, in this case, the teacher. Weak framing, on 
the other hand, locates control more to the acquirer, in this case, the students. The teacher here 



acts as the transmitter of information and she controls the pace, the sequence, the kinds of 
question asked and when the kinds of information that the students will obtain. 

It is important to note here that the students are not asking any questions concerning the 
‗logic‘ or the science behind these ‗rules‘. They seem to respect these ‗rules‘ as norms that have 
long been established and hence have to be perceived as ‗truths‘.  Being able to list the ‗rules‘ of 
biological drawings is only one aspect of knowing the practical skills involved. The more important 
task for the students is to be able to put these ‗rules‘ into practice as can be seen in excerpt two. 

In a later part of the practical session, the student‘s inability to apply the ‗rules‘ becomes 
evident. Excerpt two below showed that the student was able to make the necessary 
observations but was uncertain how he can translate what he saw into drawings on the paper 
without ‗breaking one of the rules‘, which is shading. This episode is strongly framed with fixed 
procedural talk by the teacher. The students as the acquirers have no control over what they want 
to do, when they can do it or how they want to represent their drawing. In these two episodes, 
there is little variation in the distribution of power between the teachers and the students. The 
teacher maintains very strict control over the way biological drawings should be perceived. There 
is no evidence of weakening of the framing in the two episodes highlighted and in the entire unit 
in general. The teacher‘s presence, power and control were evident from the questioning to the 
talk to the requirements spelt out and the sequencing of the lesson. The teacher‘s beliefs that the 
topic is strongly classified (++C) and hence needs to be strongly framed is being played out and 
realised in the laboratory. 

As Bernstein (1990) pointed out, that power and control are transformed into rules of 
legitimate communication and framing values. From the excerpts presented, it appears that the 
criteria of standard assessments and standardisation of students work might feature as important 
to the teacher in her discourse. With such great emphasis on the need to be neat and accurate in 
following the rules for biological drawings, it is indicative that the teacher‘s focus could be on 
whether the students‘ work will meet the assessment criteria set by the examiners for grading in 
the examination rather than focussing on the science behind the activity and explaining the 
rational behind these rules – the true power behind the pedagogical decision is the assessment 
requirements! These assessment criteria has transformed and determine the kinds of framing and 
discourse that is permitted in the laboratory. 

It can be observed from the exchanges in excerpt 2, that as a consequence to adopting 
such a strongly framed lesson, that as the teacher, in response to the students questioning, gives 
very clear instructions of what the students are expected to do and the students seemed to have 
little ownership of their learning, in fact, the student lingers in the brink of passivity in their work. 
 
Through the lens of Lyotard  
 

 In excerpt one, the teacher plays out the intellectual control that scientific rules intended. 
Her clear, sequential and methodical instructions overwrite the art experiences and 
commonsense knowledge of drawing which the students bring into laboratory. It is noted here 
that even though the students questioning about how to draw, the nature of the questions are 
similar to the questions which were asked by the teacher previously. The students too asked 
convergent questions that require the teacher to either give more instructions or simply to agree 
or disagree with what the students have proposed as reflected in lines 2, 10, 14 and 15. As 
Lyotard (1989) pointed out, there needs to be a reconstruction of boundaries of daily activities 
and experiences by new questioning. The scenario that is happening here, we believe, showed 
that there is not new questions being asked and hence there is little reconstruction of boundaries 
for the knowledge and the experiences of biological drawings. The students recognised and 
accepted that the intellectual power lies with the teacher, who has the knowledge. Their own 
power and rights are limited by the strict rules that exact sciences had dictated. Variation, 
multiplicity, difference and intuition are traits that are shelved in this aspect of learning in the 
laboratory. 

Some of the students shown uncertainty about their work and this is reflected in the kinds of 
questions they asked, like ―how to draw?‖ and ―so you just draw the node, draw the new rhizome 
branch, the what else?‖, ―like that can or not?‖, etc. They look to the teacher to be the 
authoritative source of correct information which will enable them to complete the task at hand. 



The situation in excerpt 2 is also indicative of the students‘ lack of confidence for a topic that is 
seen to have such strict standards to follow, that deviation from the norm is unacceptable and 
hence their input would be deemed inappropriate. The well structured lessons they have been 
exposed to presented few opportunities for them to critique and reflect on the information that is 
presented to them. It appears that their personal experiences are not useful in this knowledge 
construction process. Lyotard (1989) stated that the rules governing knowledge determine the 
production, the representation and the legitimation of knowledge. Without these rules, there will 
be no authority to legitimize knowledge. It is clearly indicative here that the rules governing 
biological drawings are determining what personal experiences of the students are relevant to 
legitimize the knowledge and also how the knowledge can be represented. 

Similar to the idea of legitimation of knowledge, Polanyi (1962) proposed three reasons why 
we consider theoretical knowledge as more objective, which is more legitimate, than immediate 
experiences. Firstly, a theory is something other than me. Secondly, a theory cannot be led 
astray by my personal illusions and lastly, the formal affirmations of a theory are unaffected by 
the state of the person accepting it and that theories may be constructed without regard to one‘s 
normal approach to experience. The students clearly indicated that they do not trust what they 
observed of the specimens in front of them. Rather, they look to the teacher to countercheck their 
observations with the ‗theory‘ or the official source of information. This is prevalent possibly 
because of the students‘ realisation that this topic is a ‗narrow‘, ‗linear‘ and strongly framed topic. 
 
Comparing Insights from the Two Perspectives 
  
 Analysis from the lens offered by Bernstein revealed that although the teacher seemed to 
be in control and is the authority over the interaction in the laboratory, the ultimate power lies in 
the official syllabus and the assessment requirements. These are the real power behind decisions 
that are made by the teacher. On the other hand, from Lyotard perspective, the power and hence 
control lies with the legitimation of scientific knowledge that is selected to be communicated. The 
teacher seemed to have more power here as she interacts and makes sense of the scientific 
knowledge and skills understudy. The power to legitimate the scientific knowledge appears to be 
sedimented in the teacher as she interacts directly with the knowledge. Society and official 
requirements does not seem to feature here from the knowledge angle. 
 Regardless of the perspective, it appears that the students are the ones with little power 
and hence control over the knowledge, the learning process and the intended learning outcomes. 
They appear to be the lowest member in the food chain and are subjected to the decisions and 
changes decided by other members further up the chain. Their experiences and prior knowledge 
appears to be peripheral compared with the rules and principles that are prescribed to provide 
legitimation in science. 
 
F. EDUCATIONAL IMPORTANCE OF STUDY 

 
Using analysis from different theoretical and philosophical points of view allows one to 

examine, not just how science is communicated but also set of attitudes and beliefs towards 
science and the social interaction that take place in the learning environment. 

This study, we believe, is also important as it allows science teachers and science 
curriculum planners to understand and appreciate the linkage between the disciplinarity of the 
knowledge at hand, the power interplay that is evident in different contexts and also the learning 
that might or might not take place in such a situation. Microanalysis of the events in the laboratory 
will allow one to make sense of the subtle power relations, the tensions in the learning 
environment and the reactions to the events that take place in the learning. The knowledge of 
these events will allow for improved and perhaps fairer instruction, considering the fact that 
different students bring with them different experiences and background in the classroom. This 
study celebrates the diversity of experiences and scientific knowledge that teachers and students 
bring into the laboratory and how this is crafted into educative experiences for both the teachers 
and the students. 
 



Research Initiative 3 Margery Osborne & Shirley Lim 

 

Science education research at CRPP: A framework How can Singapore schools become more 
effective in teaching modern science?  This proposal addresses that question by setting up a 
framework for a multilevel, longitudinal research package to examine current curricular and 
pedagogical reforms in Singaporean science education, along with parallel professional 
development programs for teachers at NIE.  This research framework will develop and sustain a 
range of projects concerning Singapore science education and set a foundation for further 
research and development. 

 
 



Research Initiative 4 Margery Osborne 

 
Science through integrated, thematic instruction in Primary 1 Through this study we will look 
at teaching and learning through teacher developed integrated curriculum modules in Primary 1 
classrooms. We will document the development and progression of learning in five P1 
classrooms at Compassvale Primary School, the dissemination of this curriculum and teaching, 
as well as the curriculum development process, through the cluster and the development and 
initial impact of the new N3 Cluster Science Centre for Excellence to be located at Pungol 
Primary School.   
 
Building upon a four month-long, preliminary ethnographic study of one classroom implementing 
this curriculum (completed by M. Osborne Apr-Aug 2004), we wish to document its enactment at 
a larger level. The focusing questions of this research cluster around two areas—the student and 
the teacher.  We wish to know both how this curriculum impacts the child‘s experience of school 
and their larger learning and how teachers respond to an initiative to develop their role as 
curriculum creators and developers. 
 
Findings 
 
Paper 1 
An emergent culture of school-based curriculum development: The evolving role of P1 teachers in 
Singapore 
Nora Teo & Margery Osborne 
N3 Cluster, School Division, Ministry of Education, Singapore & Nanyang Technological University 
 
Abstract 
 
Singapore‘s public school education has undergone a great many changes and reforms over the 40 
years it has been in existence. The recent Ministry of Education initiative, Strategies for Effective 
Engagement and Development (SEED) represents a radical change in reform initiatives, however. 
Traditionally, both reform agendas and curriculum in Singapore have been centrally designed and 
disseminated, such that pedagogical practice has been assumed to emanate, naturally, from the 
given policy statements and text. Through SEED, the MOE has created a path for primary schools to 
develop their own unique curriculum in Primary 1 classrooms. In general, this curriculum has been 
loosely described to teachers as integrated and learner-centered and the general goals of Primary 1 
teaching have remained intact, but other than that, very little has been defined. In our work with 
Primary 1 and Primary 2 teachers we have been helping them respond to this new reform initiative in 
their schools—to develop new voices and new roles in curriculum construction and pedagogical 
enactment. We construct this paper as a story of an emergent culture of curriculum development and 
professional leadership. 
 
Curriculum and pedagogical development activities are at times separated from discussions of 
situated school change., however, when teachers themselves are developing and disseminating 
curricula, these contexts concentrate the amount of reform activity occurring in one location, such 
that curriculum production and the development of pedagogical practices, their dissemination, 
teacher relationships, teacher attitudes and practices, and institutional pressures are brought 
together within the school site, and even more specifically, within the subjectivity of the teacher-
facilitator herself. 
 
Teachers actively engaged in the interpretation and development of reform activities in school 
contexts offer us a unique opportunity to interpret the complex relationships of school change, an 
occasion to "redraw boundaries" (Ball & Cohen, 1996, p. 8) between teachers, new materials, and 
teaching practices, and think about how teacher identities and leadership roles are constructed within 
these locations (Spillane, Diamond & Jita, 2003). Theorizing identity has evolved from looking at the 
nature of formal roles and activities, to a model of identity that is more fluid and resides in the 
evolving roles of the ‗on-the-ground‘ participants in school life. Among these evolving roles for 



teachers during school reform is one of leadership. This parallels a conceptual shift in the theorizing 
of the location of educational leadership, termed distributed leadership. Gronn (2000) and Spillane et 
al. (2004) pose a way of understanding leadership that focuses upon interaction and social 
processes. According to Spillane et al., there is a social distribution of leadership where leadership 
encompasses the work of a number of individuals and involves the interaction of multiple leaders in 
multiple locations and spaces. Alma Harris (2005) in her analysis of recent scholarship on distributed 
leadership in schools listed three inherent difficulties or barriers to distributed leadership: formal 
leaders reluctance to relinquish power to ―others‖; educational institutions which are inherently top 
down in leadership structure; and practical questions of leadership distribution and management. To 
these we would add the question of operationalizing distributed leadership roles and it is to that 
question this paper is addressed for, we would argue, new concepts of leadership involve newly 
evolved teacher identities. 
 
Through a close analysis of two narratives of a primary school involved in developing new Primary 1 
programs and are producing elementary curricula and disseminating it to their peers, we argue that 
teachers, as agents of school change, position themselves in relation to other educators (e.g., peer 
teachers, development team members, and administrators), in relation to real and imagined students 
and parents, in relation to knowing and learning, and in relation to pedagogical practices and texts. 
We read these acts of positioning relationally and responsively. We argue these teachers who take 
on such leadership roles do not merely assume a new position or "location" for their work; rather, 
they position themselves and their work in highly complex ways to multiple political and social others. 
Our interest in positioning is twofold. First, we contribute to a larger discussion on teacher identity by 
interpreting these acts of positioning as a means of teachers actively constituting their subjectivities. 
Without adopting either a radical constructivist or structural, culturalist perspective on identity 
(Holland, Lachicotte, Skinner & Cain, 1998), we consider how teachers assume agency in 
constituting their subjectivities, and at the same time how this agency is dialogically responsive to 
and shaped by social and political others. What voices and practices do teachers, as agents of 
professional development, take up or position themselves against? Secondly, our interest in 
positioning and teacher subjectivity is related to a broad discussion of school change. What positions 
relevant to reform are teachers offered and what positions do they construct?  How are teachers 
relationally positioned in the process of enacting change? 
 
Paper 2 
Developing a New Sense of Science with Primary One and Two Teachers in Singapore 
Nora Teo & Margery Osborne 
N3 Cluster, Sch. Div., MOE, Nanyang Technological University 
 
Over the past two years we have documented three public schools as they developed and rolled 
out very different versions of SEED.  The teachers in these classes are all women and mostly 
very young.  All are trained in early childhood teaching with minimal science course work. In each 
school, a great deal of the responsibility for curriculum and pedagogical development has fallen 
on individual teachers and this process has in essence redefined many roles so that teachers 
themselves have increased ownership for their work and a greater need to both share with and 
learn from each other. To this end we have been running workshops with teachers in which they 
share ways they are reshaping the set curriculum to teach through doing activities and exploring 
ideas with children.  This has evolved in such a way that the teachers have become very 
interested in science and teaching science.   
 
While the Primary 1 and 2 curriculum in Singapore does not mandate teaching science, the 
teachers have found that their children are extremely interested in science topics such as growing 
plants, insect metamorphosis, colors and lenses, simple physics, that they themselves have 
never thought of teaching and are intellectually unprepared to teach. Both of us are advocates of 
the project approach in early childhood education in which children‘s interests and pursuits drive 
the curriculum and the teacher needs to be able to interweave skills development and instruction 
in various subject areas into classroom inquiry projects.  Such an ideology, when embodied in 
science teaching, suggests a deep understanding of the nature of subject matters which enables 



the teacher to see intersections in both processes and content, fundamental commonalties as 
well as differences.  This in turn suggests a metacognitive understanding of the nature of subject 
matter. 
 
Working with teachers, untrained in science and scared to teach it ―wrong‖ has involved helping 
them engage in science as an embodied activity they come to understand science as underlying 
the everyday activities of their lives. To do this has involved a fundamental shift in which the 
teachers have had to allow themselves permission to personalize knowledge and personalize 
curriculum and teaching.  It has involved recreating and then acknowledging science as 
something internal, self-constructed—not imposed or alien. This realization goes hand in hand 
with a shift in the identities that the teachers generate or accept within science and their school 
communities, how these identities are dynamic and locally situated, their reasons for particular 
forms of engagement, and the relationship they perceive these roles have. 
 
This is something of an uncomfortable stance in a country such as Singapore, where science and 
technocracy are objects of worship, high TIMSS scores are chanted like mantras in teacher 
education programs, teachers are seen as depersonalized conduits of information and 
automatons.  In our paper we will explore both the process of consciousness raising we have 
been encouraging in our teachers, the ramifications in the classroom and school cultures and 
larger issues of the tensions such shifts cause at a political and policy level. This paper is 
fundamentally about a theory of power relations between women and institutionalized and 
disembodied power structures and the reconstruction of teacher identities as teachers engage in 
curriculum and pedagogical construction in the terrain of science with their children. 

 
 



Research Initiative 5 Phil Towndrow 

 
Designing tasks to teach science practical skills at lower secondary level in Singapore 
With effect from AY2006, candidates offering pure sciences at ‗O‘ level will be assessed using a 
new, school-based, task and marks scheme called the ‗Science Practical Assessment‘ (SPA). 
SPA replaces the existing practical assessment and is designed specifically to: (a) enhance the 
understanding of concepts; (b) motivate learning through hands-on activities and (c) develop 
essential practical skills for laboratory investigations (Singapore, Ministry of Education, 2004). 
There are four SPA skill areas that are designed to build incrementally to form a generic raft of 
competencies: 

1. Using and organising techniques, apparatus and materials; 
2. Observing, measuring and recording; 
3. Handling experimental observations and data; and 
4. Planning investigations. 

 
Additionally, each skill level is ‗stranded‘ (or banded) horizontally to reflect degrees of proficiency 
on a six-point scale. 
The general aim of this proposed pilot research study is to provide a ‗client-centred‘ (Day, 1981), 
intervention that investigates the implementation, development and improvement SPA skill sets in 
a purposeful and experimental classroom setting. 
 
Following baseline observations and initial intervention work at St. Theresa‘s Convent (STC), the 
following bulleted points summarize key findings and thoughts to date. 
 

 Moving beyond the practicalities of SPA - There is concern about the practicalities of 
conducting rigorous, fine-grained, multi-point assessments across classes and levels. But 
the preparation of students for SPA raises even thornier issues. For example, we have 
data showing students doing less than adequately in SPA exercises that counted towards 
end-of-term grades. We contend that success in SPA is dependent upon not only 
knowing what to do but also knowing why these things are important. Ultimately, SPA 
raises larger questions about the role and utility of science practical work both within and 
beyond the curriculum. 

 Curriculum fit - We question CPDD‘s directive that SPA is not to be made explicit at 
lower secondary level. We‘ve successfully helped a teacher use SPA rubrics as platforms 
for discussion with a secondary one class about how and why science is done and 
assessed in the ways that it is. 

 SPA structures - We also question the assumption that there is an implicit order of 
importance in the teaching, learning and assessment of science practical skills; we are 
working to show that it is practicable to introduce the fundamentals of SPA skill 4 
(planning investigations) at secondary one level.  

 The role and utility of science practical work - The ‗positivist‘ view of science, placing 
as it does emphasis on factual recall with confirmatory experiments, denies the role of the 
historical and social accounts of science, presenting science as a linear succession of 
successful discoveries. We have evidence suggesting that simply doing practical work is 
not enough. Teachers at STC often make reference to scientific phenomena arising from 
practical work but they do not always explain the science and reasoning behind scientific 
procedures and practices. We have identified two interrelated strands of laboratory work 
that could mitigate the limiting effects of positivistic pedagogic practice:  

o Redesigning teaching practices to make the purposes of practical work explicit 
o Learning to customize off-the-shelf instructional materials to promote learner-

centred decision-making about aims and procedures 

 Grounding SPA in a social-cultural context - The hope is that changes in assessment 
procedures will have positive washback effects on classroom practices and individual 
learning outcomes. Unfortunately, the SPA we‘ve seen neither acknowledges nor 
rewards cooperative or collaborative effort. Through our intervention work we are 



attempting to establish alternative pathways in science practical pedagogy both within 
and beyond the laboratory. Reconceptualizing the teaching of science in the light of a 
social constructivist perspective requires, among other matters, the reconsideration of the 
place of students‘ role in experiments and investigations. Rather than portraying empirical 
work as constituting the basic procedural steps of scientific practice (the ‗scientific 
method‘), it should be valued for the role it plays in providing evidence for knowledge 
claims.  For instance, we are investigating ways in which learners can have their ‗say‘ in 
SPA through the use of videos, video editing software and group critique. 

 Towards authentic, meaningful and student-centred assessment - SPA places 
teachers in the controlling role of adjudicator in workspaces they determine. At the same 
time, it circumscribes the role of students to the extent that only their objectified behavior 
counts. We believe that the way to avoid SPA being imposed on students is to involve 
them as co-constructors of and co-participators in all aspects of the assessment scheme. 
We‘ve suggested, for example, that assessing students‘ note-books, asking them to 
analyze data (instead of just recording it) and getting them to talk about the practical work 
they have done could all be far more revealing about students‘ understanding of the 
practical aspects of science than asking them to ‗perform‘ on command. 

 SPA as a catalyst for transforming science education - Beyond science classroom 
assessment reform, SPA promises a wider array of experimental experiences. For 
example, students can now explore techniques like micro-pipetting, restriction digest, use 
of micro-centrifuge etc. This not only increases the repertoire of their experiences but 
also provides opportunities for the teachers and researchers to collaborate with external 
specialists. 

 Reflective practice - Teachers and administrators began by thinking that SPA lacked the 
potential to influence their classroom pedagogy. We‘ve advocated that a more informed 
view of what SPA entails involves extending and enhancing what the teachers know 
about teaching and learning science through critical reflective practice. We‘ve also 
established that reflective practice can help students develop mastery of scientific and 
practical assessment skills. We‘ve assisted in the collection and compilation of students‘ 
reflections. Their journals are a means of raising questions about the content of science 
classes and a way to discover how science is applied and enacted. The teacher skillfully 
weaves answers to students‘ questions into his lesson previews and reviews. There is 
potential to extend this reflective activity to group-based study focus groups that meet 
outside of classroom time to unpack and explore their scientific interests beyond the 
confines of the regular curriculum. 

 
 
Paper 1 
Title: Reforming science practical assessment procedures: A critical analysis of classroom 
interactions in Singapore 
Phil Towndrow & Valarie Lee 
 
Abstract 
This paper outlines results from a study investigating the impact of an educational policy initiative 
in Singapore called ‗Science Practical Assessment‘ (SPA). SPA is designed to overcome the 
limitations of single, high-stakes practical assessment procedures and its implementation 
repositions teachers as central in the selection of items to assess, the framing of mark schemes, 
scoring and moderation. The paper highlights the successes and concerns of one teacher and 
her pupils when they were involved in a science practical lesson and subsequent assessment 
exercise. The presentation concludes with suggestions on navigating a route towards authentic 
assessment practices when policy is mandated from above, but crucially, practices are observed 
to be under-theorized and lack grounding in a socio-cultural context. 
 
SUMMARY OF PRESENTATION 
 
Objectives 



Driven by the complex demands of globalizing, technocratic economies, the Ministry of Education 
in Singapore wants to diversify its science curriculum and classroom assessment practices. As 
emphasis is placed on research processes, entrepreneurship and the development of science 
practical skills in various contexts, the Ministry‘s Curriculum Planning and Development Division 
(CPDD) is trying to overcome the limitations of single high-stakes practical assessments through 
a school-based, task and marks scheme called the ‗Science Practical Assessment‘ (SPA). 
According to CPDD (Ministry of Education, Singapore 2002) SPA is designed to: (1) enhance 
pupils‘ understanding of scientific concepts; (2) motivate learning through hands-on activities; and 
(3) develop essential practical skills for laboratory investigations. SPA seeks better alignment 
between what is taught, how learning takes place and assessment. Teachers are now 
responsible for choosing which science practical skill(s) to assess, designing tasks and rubrics, 
moderating and recording scores at multiple points in the assessment programme. Despite the 
training and standardization provided by CPDD in these areas, teachers are concerned about the 
practicalities of conducting fine-grained, multi-point assessments across classes and levels 
without an increase in human and physical resources. 

The general aim of this paper is to present illustrative findings from a study of the 
implementation of SPA at lower-secondary level (13-year olds) in a Singapore school. The 
specific aims of the research are to: 

 
1. Profile and critically examine existing science classroom practices; 
2. Determine teachers‘ and pupils needs; 
3. Collaborate in the planning and prototyping of pedagogic tools for teachers to use in 

designing learning tasks; and  
4. Scaffold the adaptation and creation of instructional material for SPA skill learning 

and assessment. 
 
The paper records and comments on a series of classroom interactions over a fortnight where 
pupils were prepared for, and conducted, a science practical assessment in using and organising 
techniques, apparatus and materials. The subsequent discussion highlights the successes and 
concerns of the teacher and pupils in completing this work. The presentation ends with some 
suggestions on navigating a route towards authentic assessment practices when educational 
policy is mandated from above, but crucially, classroom practices are perceived to be under-
theorized and lack grounding in a socio-cultural context. 
 
Results 
Without doubt, SPA caters for broader assessment objectives and makes performance criteria 
accessible and explicit both to assessors and candidates. But, difficulties arise when SPA is 
perceived and implemented as ‗just a more detailed way of measuring what is currently done‘. 
Findings from the study highlighted barriers and hindrances to the achievement of CPDD‘s goals 
relating to science practical assessment reform. Specifically, data showed that the ability of 
teachers to quantify what they ‗saw‘ in SPA was constrained by their fixed spatial and temporal 
locations. Being placed up-front and center, made it difficult to monitor work done simultaneously. 
Disappointingly, the data show learners under-engaged, bored and skeptical of the purposes of 
practical work. In later assessments, they lacked confidence and succumbed (in some cases) to 
pressure to ‗perform correctly‘. 

The study also established links between two interrelated strands of laboratory work with the 
potential to ameliorate teacher-centered laboratory practice. First, when the purposes of practical 
work were made explicit (i.e., when the teacher devoted time to explaining the science and 
reasoning behind scientific procedures and practices) learners were observed to be better 
motivated by, and better able to complete science practical work. However, secondly, these 
achievements were only possible once teachers had developed professionally in the 
customization of off-the-shelf instructional materials that promoted learner-centered decision-
making. 
 
Significance 



Given teachers‘ concerns about the practicalities of conducting SPA - a rigorous classroom 
assessment scheme that is expected to be incorporated into existing classroom practice without 
specified structural or pedagogic change - a transformative, rather than a reformist agenda is 
advocated. The paper contends that the Ministry of Education‘s objectives for SPA are realizable 
but only when elements at different levels of the activity system are identified and aligned by all 
agents both inside and beyond the classroom. To show how this is possible, a program of 
collaborative and exploratory teacher professional development in learning task design, 
assessment planning and learner-centred practices was co-constructed by researchers and 
teachers. The hope is that practices developed in this study could form the basis of a wider 
program of interventionist action in science pedagogy and practical-work assessment. 
 
 


