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Abstract

This paper reports on preliminary findings on the process of disciplinary acculturation and its differential distribution between the top track and average track pupils in secondary school history and science classrooms in Singapore. It has two focal points: a brief description of an innovative coding scheme of classroom interactions; and a preliminary description of the features of classroom practice in secondary history and science, based on the analysis of 27 history lessons and 68 science lessons, with special attention to the distribution of knowledge and multimodality in the context of a streamed, or tracked, school system. The paper concludes with a brief discussion of some of the theoretical and professional implications that these illustrations present. 

Introduction

In recent years Singapore’s educational system, from pre-schools through to junior colleges, has undergone fundamental changes. Aiming to optimize its educational provision and better prepare its workforce for an increasingly globalized world economy, the Singapore government, through the Ministry of Education (MOE), has launched many initiatives under the rubrics of Information and Communication “Master Plans” (MOE, 1997, 2002), “Thinking schools, learning nation” (Goh, 1997), “Innovation and Enterprise” (Tharman, 2003), “Project Work” (MOE, 1999), and “Teach less, learn more” (Lee, 2004). For the Singapore MOE, education is taken to be “the most important gift that we can give to our young and to prepare for their future” (Lee, 2004).

To understand these initiatives and to provide consultancy to policy makers on upcoming cycles of reforms, there is a need to document and examine (1) what classroom teaching and learning is like in the wake of these reform efforts; (2) how these initiatives are being implemented, and whether this implementation has measured up to original expectations; and (3) where the education system can and should move next (cf. Luke, Freebody, Lau and Gopinathan, 2005). 

This paper focuses on one aspect of these agenda, the process of disciplinary acculturation and its differential distribution between the top stream (track) and average stream pupils in secondary school history and science classrooms in Singapore. It reports preliminary findings on a larger project entitled the Digital Curricular Literacies (DCL) project, funded by the MOE, Singapore (see Freebody, Hedberg, and Guo et al. 2005 for details). The following section provides a brief description of the tracking system in Singapore schools, followed by an analytical framework which concerns disciplinary acculturation and its semiotic realizations in terms of multimodal systems of meaning and knowledge categories. We then describe the context of our study, and summarize and illustrate our application of a coding scheme to map the patterns of practice in history and science classrooms. We then present the results of preliminary analyses. We then proceed to give examples of classroom assignments to illustrate some key points about multimediated learning. Following a discussion of the limitations of the study, the paper concludes with the educational implications of these analyses.

“Giving Half a Loaf when a Whole Loaf would Choke”: Tracking (Streaming) and the Linguistically Diverse Students in Singapore

Like some other systems (e.g., many middle and high schools in the U.S., Kulik, 2003; secondary schools in the U.K., Harlen and Malcolm, 1999, p. 33), the educational system in Singapore has adopted a flexible tracking or streaming system since 1979. Despite refinements in the system over the years, flexible streaming is still the rule in the schools. In secondary schools, for example, students in government schools are streamed into Special (i.e., Top) Stream, Express (i.e., Average) Stream, Normal (Academic) Stream, or Normal (Technical) Stream, based on their Primary School Leaving Examination (PSLE) results.  According to the Education Statistics Digest (2004), 9.31% of the Secondary 1 pupils (7th graders) are in the Special Stream, 53.2% in the Express Stream, 23.0% in the Normal (Academic) Stream, and 14.5% in the Normal (Technical) Stream.  In other words, as far as this study is concerned, we will discuss the differences between around 50% of the cohort and top 10% of the cohort 2.   
Singapore is a multilingual and multiracial society. In general, three major languages (Mandarin, Malay and Tamil) are spoken respectively by the ethnic groups of Chinese community, Malay community and Indian community, although members of one ethnic group may speak the language of another, in addition to their own language. The common language among the ethnic groups is English.  This linguistic diversity and multiplicity has posed a challenge to the education system and has eventually become one of the reasons or justifications for the adoption of a streamed school system. When reviewing the education system prior to 1979, the then Deputy Prime Minister, Dr. Goh Keng Swee, in what is often referred to as the Goh Report (1979), writes:

It is clear that a single system of education imposed on children of varying abilities to absorb learning in languages which they do not speak at home, is the main reason for the weaknesses of the system and for high attrition rates. (p. 1-3)[…]
The single curriculum education system does not take into consideration differences in absorption capacities and rates of learning of the pupils. […] all pupils are required to cover the same syllabus within the same period and to sit for the same examinations. The rigidity in the system tends to favour the above-average pupils, penalizing the below-average pupils and the slow learners. This resulted in high failure rates. In 1976, 41% of the PSLE candidates and 40% of the GCE ‘O’ candidates failed. These high failure rates could be reduced if the education system is flexible enough to cater for the different categories of pupils.  (p. 4-1) 

While streaming pupils into different classrooms, the system has also in principle allowed for “lateral transfer” between streams in order to cater for late developers and rectify the inaccuracies of streaming (the Goh report, 1979, p. 6-2; MOE, 2005, p. 12). 
So flexible streaming has been introduced as essentially an educational and institutional response to the diverse linguistic and academic abilities of pupils. Again, to quote the Goh Report: 

It [the streamed system] tries to seek ways of giving half a loaf when a whole loaf would choke. A child who could not cope with two languages is given one language. A child who is not meant for academic endeavours is given literacy and numeracy to prepare him for training in a skill. A child who cannot handle the GCE ‘O’ Level course in four years is given five years. Hence, reducing the attrition rate is secondary to offering a child the most appropriate opportunity. (p. 6-4).

As a result, pupils in different streams are expected to offer different courses; they are taught different curricula and are expected to complete their schooling within different periods of time (Currently, students in the Normal (Academic) Stream are to complete their secondary schooling within 5 years instead of the usual 4 years). We may note that the policy of flexible streaming entails different language curricula. A recent MOE document states that “Special [top track in the secondary school] course students offer Mother Tongue [i.e., an additional language corresponding the pupil’s ethnicity apart from English] at a higher level (Higher Chinese/ Higher Malay/ Higher Tamil) [than Express, average course students]” (MOE, 2005). In this sense the levels of proficiency expected at the additional school language become one of the distinctive features between top and average students. Since streaming constitutes an institutional structure and affects every school age child, it is important to gauge how the different curricula between streams are translated to classroom pedagogies and what this may mean for differently placed students. 
Analytical Framework: Knowledge, Multimodality and Disciplinary Acculturation
Various approaches have been adopted to discuss the differences between streams in terms of what gets transmitted and how this is completed. Under the scheme of categorization proposed by Kulik (2003, p. 271), Oakes (2005) is an ethnographic study, or narrative description of classroom practices in different tracks; studies by Caughlan and Kelly (2004), Gamoran, Nystrand, Berends, and LePore (1995), and Nystrand and Gamoran (1997) are experimental- or correlational-oriented, that is, they attempt to explore the differential effects of streaming for different groups of students in terms of educational outcomes. While important findings have emerged from these and other studies, much previous work on streaming has focused on language issues only; other modes of meaning making (e.g., visual images, gestures, and action) have not yet received systematic study (Erickson, 2006). Following the lead of Kress, Jewitt, Bourne, et al. (2005), here we attempt to explore the potential pedagogic differences in terms of knowledge and multimodal construction of meaning between Average (Express) and Top (Special) Streams. We propose that underpinning knowledge and multimodal meaning making in education is the notion of disciplinary acculturation. That is to say, different streams differ in terms of their relationship to disciplinary acculturation. 
Disciplines and Disciplinary Acculturation
The significance of disciplinarity in the study of education is under considerable debate. As Leonardo (2004) pointed out, on the one hand the case against draws on (1) questioning the insularity of various knowledge bases, (2) critiques of the relationship of such knowledge bases to the experienced social lives of contemporary citizen-workers, especially young learners, and (3) the general tendency for disciplinary boundaries to have become blurred even in the academy. By inference, this case is in favor of developing generic accounts of knowledge, teaching and learning. On the other hand, those endorsing the distinctiveness of the disciplines and their implications for good practice in education point to how the disciplines evolved historically to provide different kinds of answers to perennial human questions about the world and human experience. The argument here goes that each discipline has developed conventions or even perhaps rules that apply within each discipline for how it is that human experience can be converted into knowledge, and how that knowledge can be appropriately disseminated:

Disciplines are characterized not only by their content but arguably as much by their methodology. That is, disciplines are as much about what they study as they are about how they study “reality.” (Leonardo, 2004, p. 4)

It is these conventions, these epistemological constraints that have been characterized as the platforms on which genuine conceptual innovation and progress can be made. Without this, some have argued (Toulmin, 1972; Toulmin, Rieke, and Janik, 1997), ideas will simply be recirculated and each generation is presented with the same puzzles, half-truths and confusions as their intellectual ancestors:

[…] conceptual innovations within them [i.e., diffuse disciplines] face no consistent critical tests and lack any continuing rational direction. (Toulmin, 1972, p. 380)

A lack of limited, cohesive disciplinary understandings [...] prevents good conceptual innovation from gaining power and yet allows insufficient control over proliferating innovations. (MacDonald, 1994, p. 31)

Thus, disciplines, as the deep structures of school curricular formations, are not just collections of topically related propositions. They are, as well, sets of dispositions about what counts as evidence, how it is that the inquirer can move from the experience of a phenomenon, to a set of beliefs or preferred speculations, and on to knowledge, and what it is, intellectually and socially, that the inquirer is primarily trying to accomplish by displaying that process and arriving at that knowledge. That is, disciplines constitute distinctive epistemologies, as well as contexts for and criteria for displays of mastery in  practice, as part of their accumulated and evolving histories. We would expect sites of disciplinary acculturation, therefore, such as classrooms, to display distinctive features across differing disciplines, reflecting these differences of proposition, procedure and disposition. Building on a long tradition in the philosophies of both science and knowledge (Becher, 1989; Gardner, 2004; Kolb, 1981; Kuhn, 1962; MacDonald, 1994; Mansilla, Miller & Gardner, 2000; Schwab, 1964), our orientation is to consider the disciplinary setting of school work as a collection of acculturational processes, with varying degrees of distinctiveness at different points along the school years, rather than to expect that “good” teaching and learning in one disciplinary setting will constitute comparably “good” in another.
Disciplinarity and disciplinary acculturation take place with and around material resources. What are the materials with and around which history and science education are conducted? A cursory comparison of school textbooks in use 10 years ago and today gives us a clear message with respect to, among other things, the use of multiple modalities in the representation of curricular knowledge (Kress, 2003). When the forms of animation, visual, and auditory representation routinely in use in digital settings are added to that mix, the issue of enabling students to come to terms with how disciplinary knowledge is multiply represented comes into high relief. 
Multimodality and Classrooms
In recent years interest in the multimodal nature of teaching and learning across the disciplines has increased steadily. By “multimodality” we refer to the phenomenon that meanings are made, and, in an educational institution, learning takes place via the integration of a variety of meaning-making, semiotic resources – language, visual images, gesture and sound, and the rest (O’Halloran, 2002). For example, Kress, Jewitt, Ogborn, & Tsatsarelis (2001) and Kress (2003) have documented the multimodal construction of knowledge and social identity in selected science classes. Johns (1998), Lemke (2000), O’Halloran (1996), Pintó (2002) and Guo (2003, 2004) have analyzed the multimedia literacy demands of secondary and beyond mathematics and science curricula. Pintó (2002), in particular, has drawn urgent attention to the difficulties students of various language backgrounds encounter in interpreting visual images in secondary school physics and, more worryingly, the tendency for teachers to “have a low degree of awareness of students’ difficulties reading images” (Pintó, 2002, p. 340; and see Lemke 1998a, p. 288 for similarly blunt recommendations).


One of the general conclusions available from current research is that, while multimodal text analysis has advanced significantly over the last fifteen years (see, e.g., Emmison & Smith, 2000; Jewitt & Kress, 2003; LeVine and Scollon, 2004; Norris, 2004; Van Leeuwen, 2005; Van Leeuwen & Jewitt, 2001), there is now a need to move from a description of the structure and meaning-making potentials of multimodal texts, to a detailed description of how teachers and students can and do use those potentials in everyday educational settings. What is also needed is a close study of how it is that disciplines, and their curricular manifestations in streamed or tracked schools, differently configure and put to work multimodal textual experiences. These questions form the focus of this paper; they act as a platform for the development of interventions aimed at facilitating “new-literate” capacities in learners (see, e.g., Childers, 1998). 

To summarize, then, this paper is concerned with the examination of disciplinary acculturation in terms of knowledge, skills, and dispositions invoked among teachers and students and of multiple modes through which these are encoded in selected secondary history classrooms (27 lessons) and science classrooms (68 lessons). It is also concerned with the examination of how this disciplinary acculturation process is distributed between differently placed pupils. The specific questions we would like to pursue here are

1. what knowledge and cognitive processes are transmitted in history and science classrooms?

2. what are the semiotic resources that are employed in the teaching and learning of secondary school history and science? How do they interact with each other in meaning making?

3. what role(s), if any, does academic streaming play in the learning environments available to pupils?


Participants, Classroom Observation, and Training Programs

Participants

Seven schools in Singapore comprised the sample for the baseline observation stage of this project. It is largely this baseline observation data that are summarized in this paper. These schools were chosen from the full range of socio-economic strata established on the basis of categorizations provided by the Singapore Ministry of Education. Within each of the strata a random selection was made. However further inquiries were also undertaken to establish whether or not the chosen schools had developed and implemented the Information Technology Master Plan initiated by the Ministry some years before (MOE, 1997, 2002). That is to say, the schools that comprised the final selection for participation in this research project were not schools that were still having difficulty establishing some baseline information technology provision for their students and teachers. The decision to exclude those schools still having difficulty in ICT provision was motivated by the specific ICT-oriented nature of the project. The classes selected were from the Secondary One level (Grade 7), which is to say the first year of secondary or high school, in most cases the seventh year of formal schooling. The students for the most part would be expected to turn 13 years of age in the course of their first year of secondary school. 
From these schools, teachers were selected on the advice of the principals and the heads of the history and science departments, and were invited to participate in this project. They were informed of the purpose, nature and duration of the study, as well as of the ethical guidelines governing the conduct of the project. The final number of participating teachers was 27. In addition, in each class there were about 35 pupils who were also informed of the nature of their participation and signed the consent forms. 
Classroom Observation
As a rule, for both baseline data collection and post-intervention data collection, the researchers worked with the teachers to schedule the dates and duration of each observation. The researchers requested entry to the classrooms for one entire unit of academic work and would arrive when the teachers were ready. During classroom observation, the researchers sat at the back of the classroom, coded and audio-taped the lessons (see below), and took field notes. They also collected 5-10 photocopied pieces of student work that resulted from the unit of work observed either on the day of observation or sometime later. The average duration of each data collection was about one week. 
Training Programs
After the collection of baseline classroom observation data, the teachers from two or three schools were paired up to attend each of the training programs (focused on text types in history and science, multimodality, and task design, respectively) successively such that all teachers eventually received all interventions. At the workshop, explanations of key concepts were followed by a detailed, discipline-specific discussion of how to apply the concepts to the teachers’ classroom teaching. After each training workshop, researchers would conduct another round of data collection. On occasion researchers also held special training sessions after the workshop.  The project started in January, 2004 and ended in June, 2006.
Coding Classroom Activities
As noted above, the initial examination shown here of the classroom activity patterns is focused on two aspects of disciplinary acculturation: (1) the kinds of knowledge that is available in these classrooms and the cognitive work that this knowledge entails, and (2) the modalities in which these aspects of knowledge and cognitive work are presented in the classroom. We now briefly explain how we coded knowledge construction and multiple semiotic resources employing a coding scheme developed for this project. The coding categories were adapted from a classroom coding scheme used at the Centre for Research in Pedagogy and Practice, Singapore (Luke, Freebody, Cazden and Lin, 2003). 
Coders visited classrooms for entire lessons, but the unit of coding was the activity phase within the lesson, largely because lessons are somewhat arbitrarily related to time divisions implemented in the school. Units of academic work can be subdivided into lessons, and may last from between three to ten lessons. Lessons, in turn, can be further subdivided into the kinds of activities in which teachers and students engage over the course of the lesson. For example, a teacher may begin a lesson with the recapitulation of previous work on a topic, and a description of the task for the lesson at hand and its relevance to their ongoing understanding of the topic of the unit of academic work. The teacher may follow this by having students respond to answers in a (teacher) initiation- (pupil) response- (teacher) evaluation (IRE) format. They may then be broken into small groups to continue working on some aspect or assignment for this unit, and they may finally be brought back to conclude the lesson as a whole group for further discussion and summary and for a preview of work to follow in subsequent lessons. Thus we may identify four activity phases in the course of this hypothetical lesson: recapitulation, question-answer discussion, small group work elaborating on the topic, and a lesson summary and projection. It is each of these activity phases that is given a score on the measures in the coding scheme. The total number of activity phases coded for each curriculum subject and for each school stream is: history = 107 (number of lessons = 27); science = 236 (68); Express (Average) Stream = 237 (55); Special (Top) Stream = 106 (40). 

Coding Knowledge
Following Anderson and Krathwohl et al.’s (2001, p. 29) revised Bloom’s taxonomy on educational objectives, we asked the coders to make a judgement call on the nature of the ideational/curricular content of the material covered by teacher and student in this phase: Is the talk/work concerned mainly with the

· presentation of disconnected elements of information, i.e., factual knowledge (the basic elements students must know to be acquainted with a discipline or solve problems in it); 
· conceptual knowledge (the interrelationships among the basic elements within a larger structure that enable them to function together); 
· procedural knowledge (how to do something, methods of inquiry, and criteria for using skills, algorithms, techniques, and methods); or 
· metacognitive knowledge (knowledge of cognition in general as well as awareness and knowledge of one’s own cognition)?
This judgement was expressed through a numeric scale of 0 − 3, with 0 “not evident” through to 3 “very frequent” or “predominant”. This scale was followed throughout the categories reported in this paper. 

As well, we asked the coders to identify what the teacher expected the students to do in the task. The options are Remember, Understand, Apply, Analyse, Evaluate and Create, briefly glossed below: 
· When students remember, they retrieve relevant knowledge from long-term memory;

· When students understand, they construct meaning from instructional messages, including oral, written, and graphic communication and build connections between the “new” knowledge to be gained and their prior knowledge;

· When students apply, they carry out a procedure in a given situation;

· When students analyse, they break material into its constituent parts and determine how the parts relate to one another and to an overall structure or purpose;

· When students evaluate, they make judgements based on criteria and standards such as quality, effectiveness, efficiency etc.; and
· When students create, they put elements together to form a coherent or functional whole. (Anderson and Krathwohl et al., 2001, pp. 67-68)
Coding the Modalities in Use
We examined the nature of the visual representation and the interaction between various semiotic resources employed. First, we were interested in the kind of visual (non-linguistic) information that was presented, in particular its relationship to the actual topic for which it stands. Drawing upon the work of Peirce (1985) we proposed four options (along with any combinations of these four): realistic, iconic, symbolic and analogic: 
· the visual representation is realistic in its relationship to the topic at hand (for example, a photograph); 

· the visual representation is iconic, in that it presents some schematic elements that have an element of realism to it but departs significantly from a realistic representation (for example, sketches of flames to mean fire);
· the visual representations are entirely symbolic with no clear attempt at any relationship to realistic representation (for example, the red cross of the Red Cross organization); and
· the visual representation is analogic, in the sense that one particular set of the visuals is used to represent, by metaphorical extension, another set (for example, a teacher may represent the blood flow system of the human body as if it were a water tap/faucet irrigating a garden).
Second, we looked at the relationship among modes of representation, that is, how they function together. In “Rhetoric of the image”, Barthes (1977) proposed “anchorage” and “relay” to explain the interactions between words and images. Lemke (1998b) noted that meanings are multiplied when one mode is deployed in conjunction with another mode, and recently Van Leeuwen (2005, p. 230) recasts word-image relations in terms of Halliday’s (1994) logical metafunction, image and word either elaborating on or extending one another. We worked here with four possible interactions between semiotic resources, i.e., decorate, caption, duplicate and extend/elaborate: 

One mode of representation (e.g., language) may: 

· decorate (aim to motivate pupils to engage in…)

· caption (just give a label for, or re-state…)

· duplicate (repeat, paraphrase…) or

· extend and elaborate (expand on, draw out implications, inferences from …)

the information available in the other mode.
Backgrounds of Coders and Training of Coders
There were altogether 12 coders involved in the coding of the classrooms. Some of them were former science teachers in Singapore secondary schools, some were trained in the humanities, still others were former trainers of teachers in ICT skills. 
Before coding the lessons on their own, coders had gone through a series of training sessions in both subject areas, where video recordings of lessons were watched and coded together. Discrepancies in the initial individual coding were later discussed in depth in group until a consensus was reached. During the course, a coding manual was developed and referred to. Results pertaining to each of these categories of practice are summarized in the next section of this paper. 

Results of the Classroom Coding and Observation
In reporting and discussing results of our analyses of the classroom activities conducted by these teachers and students, we followed a standard sequence for each of the two principal areas of interest: Knowledge and modalities used. Initially we were interested in the dimensions or factors that underlay the measures we took from this sample of activity phases. To explore this, we subjected each of these sets of variables to a Principal Component Analysis (PCA), a standard dimension-reduction technique which maximizes the variance pertaining to each dimension, and thereby provides us with more readily interpretable findings than would a listing of each separate variable. Having identified and labeled the dimensions underlying each of the knowledge and modalities variable sets, we then explored the principal hypotheses of interest in this paper, that is, that (1) there will be reliable and interpretable differences between history and science in the nature and structure of the knowledge engaged in by teachers and students and in the modalities employed to construct such knowledge, which concerns the “internal” structure of disciplinary acculturation, and (2) there will be reliable and interpretable differences between the ability-related streams in knowledge and multimodality, which concerns the social distribution of disciplinary acculturation among differently streamed pupils.
These hypotheses were tested using multivariate analysis of variance (MANOVA) with the component scores, as identified from the PCAs on each of the two domains of interest, as the dependent variables, and with curriculum subject (history versus science) and academic stream (top versus average) as the independent variables. The routine procedure for conducting such analyses is to ascertain in the first instance whether or not each of these effects − the two main effects (curriculum subject and stream) and the interaction effect − relates in a statistically significant way to the entire multivariate package under examination. Where such statistical significance is attained, then each of the component variables is tested for the strength of its relationship to each of the main effects and the interaction. Thus we take account of curriculum subject differences that may depend upon the particular stream in which the activities are being conducted, that is, Top Stream or Average Stream. We present the results in two parts: knowledge and cognitive processes, and multimodality, with comments on the differences between the streams and the curriculum domains embedded therein. 
Results Relating to Knowledge and Cognitive Processes
The variables relating to the epistemological dimension of these observations include types of knowledge engaged, and types of cognitive processes for dealing with knowledge. Using Principal Components Analysis, five distinct dimensions of practice were found across these Secondary One history and science lessons. These dimensions were named in the following ways:

I 

“Lecturing on content”

II 
“Hands-on work” 

III 
“On-line analysis and knowledge production”

IV 
“Reviewing factual textbook knowledge”

V 
“Understanding concepts”

These dimensions were not distributed equally or randomly across the curriculum subjects history and science or across ability-related streams. In particular we found the following significant relationships: (1) more lecturing on content in history than in science; (2) more hands-on activity in science than in history; and (3) more understanding of conceptual knowledge by students in history than in science. 
In addition, we found a main effect in favor of history for the prevalence of Reviewing factual textbook knowledge, but we also found that this effect interacted with stream, such that a pronounced effect in favor of history was evident only in the Express (Average) Stream. Table 1 and Figure 1 illustrate this relationship. 
Table 1: Means for the interaction effect of Curriculum Subject 
and Stream on “Reviewing factual textbook knowledge” 
	Dependent Variable
	Subject 
	Stream
	Mean
	Std. Error

	
	
	
	
	

	Reviewing factual textbook knowledge
	History
	Express
	.564
	.124

	 
	 
	Special
	-.307
	.144

	 
	Science
	Express
	-.102
	.073

	 
	 
	Special
	-.046
	.124


Figure 1: Curriculum Subject by Stream interaction for 

“Reviewing textbook factual knowledge” (standard score means)
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In non-technical terms, the estimated marginal means (the vertical axis) is a standardized score denoting the estimated value for the attribute under focus, in this case the amount of “Reviewing textbook factual knowledge” component (Component IV above). There are two independent variables: one relates to stream (whether it is Express, i.e. Average Stream, or Special Stream), the other relates to subject (whether it is history or science). The line segment denoting science activities lies below the horizontal axis, meaning that science is not about recalling and reviewing factual knowledge stated in the textbook, rather it is more about hands-on activity (according to Point 2 above). Furthermore, the fact that this line segment is nearly parallel to the horizontal axis means that Express Stream pedagogy and Special Stream pedagogy do not differ much in this regard.  The picture for history is different. We note that, while for Express (Average) Stream students being good at history entails a great deal of reviewing and remembering textbook factual knowledge, for Special (Top) Stream students the converse is true, that is, being good at history means understanding the conceptual structure of the discipline, grasping the “big picture”, to an even greater extent than that in science (note that the small square ■ denoting Special Stream history is below the Special Stream history dot ● on the right of the figure).


	
	

	
	
	
	

	

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	

	
	
	

	
	
	
	

	

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Results Relating to Multimodality
Similarly, in analyzing the modality variables we found the following dimensions: 
I “Extending realistic representations”. With some conscious movement of meaning by the teacher from one form of representation to another, usually a picture.

II “Labelling and motivating through textbook pictures”. With the use of non-language modalities being mainly to increase the impact or visual decorativeness of the materials, and / or with short phrases simply to label some entities in other modes.
III “Captioning iconic representations”. Using charts, graphs and non-realistic representations, through talk and gesture.

Again, these dimensions of practice in these classrooms are not equally distributed among subjects or streams. First, different stream classrooms configure differently in terms of multimodal practices. This is most obvious in Table 2, where in both subjects Special (Top) Stream students are much more likely to be engaged in genuine meaning extension work with regard to realistic representations and are much less likely to be engaged in merely captioning or re-stating the iconic representations, than Express (Average) Stream students. For, in the table, the mean score for “Extending realistic representations” in Special Stream is higher than that for Express Stream, but the reverse applies for “Captioning iconic representations”. 
Table 2. Means for the Significant Main Effect for Stream 
on Modality Components
	Dependent Variable
	Stream
	Mean
	Std. Error

	Extending realistic representations
	Express
	-.20
	.07

	 
	Special
	.13
	.10

	Captioning iconic representations
	Express
	.21
	.07

	 
	Special

	-.22
	.10


Second, we also note the interaction effect between curriculum subject and academic stream on these modality dimensions. One such effect was statistically reliable, and is shown in Table 3 and Figure 2 (except that the dependent variable, i.e., the vertical axis, is a measurement of “Labelling / motivating with textbook pictures”, the conventions for interpreting the graph in Figure 1 above also apply here). 

Table 3. Means for the Interaction Effect of Curriculum Subject 
and Stream on Modality Components
	Dependent Variable
	Subject
	Stream
	Mean
	Std. Error

	Labelling/motivating with textbook pictures
	History
	Express
	.38
	.13

	 
	 
	Special
	-.35
	.15

	 
	Science
	Express
	-.12
	.07

	 
	 
	Special
	.23
	.13


Figure 2. Interaction effect for Component “Labelling/Motivating 
with Textbook Pictures”
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Clearly there are substantial curriculum differences in the comparative frequency of the use of print visuals that perform the cognitive function of labelling and the motivational function of decorating the textual information. Special Stream (Top Stream) science is acted out, then, as if it distinctively entails more concentrated usage rates of print-visual materials for motivational purposes and for the purposes of teaching the “naming of parts”, the latter being essential for entry to science (for example, knowing the parts of the cell). These functions are minimised for the Special Stream history students, who may be expected to extend the realistic representations (Table 2 above) by interpreting them as historical evidence for new arguments. A somewhat reverse relationship is obtained for Express (Average) Stream students in each subject area. For them, historical images are taken to be simply decorative and motivational, and scientific ones can only be taken as marginally so. In other words, the average stream history classes focused on the motivational functions of historical figures, events and scenes at the expense of their conceptual relationships, and their science classes were not focused on the labeling of parts and students there were not very motivated by pictures in science. Table 4 summarizes the findings discussed so far. 3 As we can see clearly, whereas history classrooms are different from science classrooms, being a top stream science/history student is again different from being an average stream science/history student. A top stream student lays a more solid foundation, is more motivated, makes more connections, engages in less memory work, and probes more deeply than his or her average stream counterpart, a pattern pretty consistent with Oakes’s (2005) findings about differences in access to knowledge between high- and low-groups.            
Table 4. Summary of differences between subject areas and between streams 
	Table 
Ta


	
	

	
	
	

	
	
	

	
	
	

	
	
	



	
	
	
	

	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




	Dimensions
	History
	Science

	
	Top Stream
	Average Stream
	Top Stream
	Average Stream

	Lecturing on content
	High
	Low

	Hands-on work
	Low
	High

	Understanding concepts
	High
	Low

	Reviewing factual textbook knowledge
	Very low 
	Very high
	Low
	Low

	Extending realistic representations*
	Very high
	Very low
	Very high
	Very low 

	Captioning iconic representations*
	Very low
	Very high
	Very low
	Very high

	Labelling /motivating with textbook pictures
	Very low
	Very high
	High
	Low


* Aggregate score for both subject areas. 

Designing a Beach Chair: An Example from Science
Another way of examining classroom life is through the work that the students produce. Students’ work can be oral, written, or bodily kinetic - enactive. In what follows we complement the preceding analyses with some examples of students’ written work. We first describe the context of the student work, and then analyze the multiple modes employed and /or knowledge constructed. All the students were from Special (Top) stream. In our first example, we look at how a science teacher proceeded to complement her normal teaching by asking students to engage in a project to do with the design of a beach chair. 

When the participating teachers returned for the second intervention workshop, they shared with other teachers and the researchers what they had found useful about applying the concepts from the previous workshop to their classrooms and what they planned to do with their students. For Ms. Lee (pseudonym is used), the new topics covered in this workshop were text types and task design. The following sketch of a lesson plan is adapted from the presentation Ms. Lee made on this occasion. We note how she integrated all three sets of concepts from our training workshops (multimodality, text type and task design) in the task she was planning for her students:
After covering the concepts of force and pressure, I will ask the students to imagine they are a group of designers working for an owner of a beach resort to design some beach chairs for the tourists. The chairs not only have to look nice but also have to be good to sit on. It happens that the piece of land is very soft. So the students will have to choose carefully the materials to be used, shapes, sizes, and so on. Another set of problems has to do with whether the chairs are going to be permanently there or just temporarily. In the former case, the students have to take weathering into consideration. They will be then asked to write a procedure describing how they go about designing the chair, draw a diagram and explain why they select the materials and so on. They will also be asked to present their design to their classmates, one group of which will serve as the owner of the beach resort and decide whether to buy the chairs or not. 

When researchers visited Ms. Lee’s class, students were divided into groups, with 4 - 5 in each group around a table, heatedly discussing and debating how to devise the beach chairs and market them effectively. Some started to make sketches of their chairs. Below we reproduce a sketch of a beach chair submitted by a pair of pupils (Figure 3) as part of their project (a five-page booklet) and a digital image of one final “beach chair” model created by one team of pupils (Figure 4). Brief analyses follow.

Figure 3 is the final sketch in a series of 4 sketches the pair of students produced. In terms of the knowledge dimension (Anderson and Krathwohl et al., 2001), the students are working with factual knowledge, conceptual knowledge and procedural knowledge in that, among other things, their booklet (not reproduced in full here) explains the rationale for the design and construction of different parts of the chair, taking into consideration the physics in their textbook, e.g., pressure and forces, the soft sand, humid weather condition and so forth. And in terms of the cognitive processes dimension, the pupils are engaged in understanding, applying and above all creating. This has moved far beyond remembering factual knowledge stage and utilizes an array of knowledge and reasoning processes. The semiotic resources employed are equally complex. First, the sketch is abstract (Kress and Van Leeuwen, 1996, p. 163), it is drawn to be “more real” than photographs, in other words, it attempts to adopt “scientific realism” (Kress and Van Leeuwen, 1996, p. 163), to show what the proposed beach chair should look like at its core. Secondly, the pupils are learning to use “perspective drawing”, in order to distance themselves from the thing being drawn and to be constructed.  

Turning to Figure 4, at least two things must have departed from the sketch in Figure 3 (although the model and the sketch were apparently completed by different teams of pupils). First, the transformation of the pencil lines into real materials, paper and stick to represent the umbrella, the wooden plaque to represent soft sand on the beach. The materials selected, their colors, texture and hardness, reflect pupils’ thinking, learning and meaning making processes. The problem of materializing the sketch would not have arisen in the sketch itself, but was called for by the demand of re-semiotisation through real materials (cf. Kress et al., 2001, chapter 7). Second, the move from the sketch to the model may also have involved identification and fixation of spatial parameters. The penciled space on paper will have to be re-“materialised” in the model. From the brief analyses of the teacher lesson plan, classroom activity and student work produced, we may conclude that the series of activities centering around the beach chair was intellectually demanding and highly meaningful. 
Interpreting Visual Sources: An Example from History



The students’ work presented in Figure 5 was completed as a group presentation in Microsoft PowerPoint format to the whole class on one aspect of ancient Egypt. After the teacher had explained how to interpret visual historical sources, for example, how to identify the figures, events, and scenes, how to infer from what is given as evidence and how to evaluate the visual source, the students were divided into several groups and asked to search on the internet for some visual images for their classmates to interpret and guess before they gave the answers. The group presenters were to generate some guiding questions to help their classmates. The questions students pose should include those that simply describe what is drawn and those that attempt to draw some conclusion from the visual images, to move beyond what is immediately visible from the visual images, the latter being called by the teacher as “thinking questions”. 

Figure 3. A sketch of a beach chair (the original is on A-4 size paper).
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Figure 4. A model of a beach chair.
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Figure 5. Interpreting visual sources (students’ names erased).
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As can be seen from the slides compressed in handout format, this group of students selected drawings depicting how horses were used in ancient Egypt. In what they labeled as “Source A”, horses were being used in the fields for the purposes of ploughing and charioting. And in Source B horses are seen to be killed through hunting. One question is asked about each of the two images and the last question is designed to summarize and generalize what is seen in both images, on the roles horses played in ancient Egypt. By and large, the learning objectives set by the teacher were met and students learned how to select, describe and evaluate visual images as historical sources. 


To summarize the discussion of these examples, we note that the “ancient Egyptian horses” embody a drastically different disciplinary “gaze”, methodology and disposition than the “beach chair”. Whereas the latter require the students to employ semiotic resources including images and 3-D models to record and intervene in the natural phenomenon, or create new structures or tools, the former demands that the students “stand back”, interpret and re-interpret the relics from the past. 
Limitations of the Study
In retrospect, this study had some methodological limitations. First, we did not collect data about teacher and pupil perceptions. In most cases, the researchers contacted the teachers before observation, coded and audio-taped the lessons, and collected student work. But they did not systematically interview the teachers or students for their views of what happened in their own classrooms. As a result, we have researcher coding data about the knowledge and cognitive processes and the semiotic modes through which these are conducted, we can also listen to the audio recordings of the classroom interactions and read the transcriptions made of them, and examine the student work that accompanied the lessons observed, but we have no access to teachers’ and students’ own views of what they did and why they did it. Second, the duration of the classroom observation (often around one week) was not long enough to identify the planned, inherent variation of pedagogic practices. When planning a semester’s work, for example, a teacher may intend to do a variety of activities with her pupils to achieve a range of objectives, over time. Entering the classroom somewhere in the semester, the researcher is bound to somewhat misread the teacher and pupils. A longitudinal research design is in order for studies of pedagogic change and innovation (Cf. Wortham, 2006). 

Educational Implications 

At an abstract level, this paper has delineated school work as the process of disciplinary acculturation which entails developing a variety of knowledge and cognitive processes and coming to terms with the multiple semiotic resources through which they are realized. We have shown above that science and history lessons are conducted through different configurations of semiotic resources and around different knowledge dimensions. We have also shown that disciplinary acculturation is differentially distributed among differently streamed students in that pupils of different academic streams are exposed to different semiotic and knowledge environments. For instance, Top (Special)Stream students are expected to conduct more in-depth understanding of history while Average (Express) Stream students to be merely engaged in a great deal of memory work. As well, Top Stream students tend to be expected to extend realistic representations in both subjects while average students to merely re-state iconic representations, to describe in a different format what is depicted in the abstract images. We believe that such findings are important for understanding what it means to be a young historian and scientist and what semiotic and social effects academic streaming has had on pupils and their perceptions about schooling. 
We began our paper with the comment that streaming in the Singapore school system was perceived as an institutional and instructional response to the linguistic and general academic capacity diversity of the students in multilingual and multiethnic Singapore. What our study of the classrooms has shown above is that, while streaming may have catered to the needs of different pupils, it has also led to de facto differential access to disciplinary acculturation. Unless extra, effective pedagogic interventions are in place to continually stretch pupils of varying abilities to their respective next level in their zones of proximal development (ZPD) (Vygotsky, 1978), it will be very hard for the pupils placed in a lower stream to be able to function well if transferred to a “better”, more challenging stream and the “lateral transfer” (the Goh Report, 1979) will simply fail. Further research is clearly needed to examine (1) whether lateral transfers have indeed taken place over the years, (2) if yes, how frequently and under what conditions they have taken place.  
Will Singapore schools “de-stream”, as Jeannie Oakes (2005, p. 220) has urged American schools to detrack? Well, perhaps not in the near future. The pre-1979 years could be seen as a “natural experiment” for “detracking”, the results of which were perceived to be “disastrous”: high attrition rates, and high failure rates (the Goh Report 1979). The Singapore system would not repeat the same “mistake” by a return to heterogeneous groupings. Furthermore, the more recent experiments of detracking in some U.S. schools (e.g., Gamoran and Weinstein, 1998) have not shown consistent positive gains in the academic performance, as Gamoran and Weinstein (1998, p. 410) conclude that “it [detracking] brings no guarantee of high-quality instruction for all students”.  What Singapore may need to combat, however, is the danger of denying pupils in the lower track access to knowledge available to higher track pupils. How to strike a balance between differentiated curriculum and pedagogy on the one hand and equal curriculum and pedagogy on the other will remain a challenge to the Singapore system. 
1. 

Footnotes
1. Funded by the Ministry of Education, Singapore, under Project # CRP 4/03PF. 

2. With regard to the names of different streams, roughly speaking, Special Stream is the top stream, Express Stream is the average stream, Normal (Academic) Stream is the low stream, and Normal (Technical) Stream prepares pupils for a vocational career. 

3. For the sake of brevity, we do not report the statistical tables and graphs that the above summaries are based upon. Interested readers may refer to Freebody, Hedberg, Guo et al. (2005) for details.
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