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ABSTRACT
Teachers need to provide learning with deep understanding for transfer; opportunities for building on pre-existing knowledge; active learning, and support within a community of learners. Multiliteracies pedagogy promotes cognitive engagement and employs a variety of technological tools. Such pedagogy making use of a variety of technology tools and internet resources can provide the enhanced interactivity that teachers need to motivate and develop language skills and higher order thinking in students. This paper will discuss findings from a multiliteracies pedagogical approach in the teaching and learning of primary school science and mathematics in Brunei Darussalam. Initial results are encouraging. Where initially pupils could not even understand the questions asked in English, after a couple of lessons pupils showed good progress in learning the science and mathematics involved in English. 
INTRODUCTION

Mathematics and science teachers at all levels of education in Brunei Darussalam need to provide learning with deep understanding for transfer of knowledge to varying types of examination and assessment questions in order to achieve good results in high-stakes examinations for university education and scholarships. Teachers often resort to traditional methods of teaching which are didactic, overburdening pupils with instructions, procedures, formulae, facts and other information which may or may not be asked in the examinations. Teachers need to provide more opportunities for building on pre-existing knowledge, skills and conceptual relationships, and active and cooperative learning. Investigations, explorations and discussions of mathematics and science ideas need to be carried out. Time spent on “drill and practice” for examinations could be changed to more relevant guided and independent practice with strategies in problem-solving. Research has shown that it is important for teachers first to determine that pupils understand the concepts learnt. After that, teachers can facilitate guided and independent practice for their pupils (Rosenberg & King-Sears, 1993).
The New London Group (1996) presented connections between the changing social environment facing students and teachers and a new approach to literacy pedagogy that they call "multiliteracies." The authors argued that “the multiplicity of communications channels and increasing cultural and linguistic diversity in the world today call for a much broader view of literacy than portrayed by traditional language-based approaches”. This study is an attempt to incorporate elements of multiliteracies pedagogy to help overcome the limitations of traditional approaches of teaching and learning of mathematics and science in English for learners whose mother-tongue is not English. The use of multiliteracies approaches to pedagogy could enable students to achieve success in these two important subjects.
Use of the four components to the multiliteracies framework for teaching and pedagogy was developed by the New London Group for literacy teaching and learning for the
new multimedia and multicultural communications environment. These four components of situated practice, overt instruction, critical framing and transformed practice are described by Pahl and Rowsell (2005). Elements of these components were used in the interventions in this study. 
Multiliteracies pedagogy promotes cognitive engagement and employs a variety of technological tools. However, technology does not change how people learn (Bransford, Brown & Cocking, 2000). Such pedagogy making use of a variety of technology tools and internet resources can provide opportunities for enhanced interactivity that teachers need to motivate and develop language skills and higher order thinking in mathematics and science (Miller, Averis, Door & Glover, 2005). This study also sought to explore the kinds of enhanced interactivity with technology that teachers could infuse into their teaching of mathematics and science in primary schools in Brunei Darussalam.
The world is becoming smaller. Teachers can easily communicate and access instructional resources from anywhere in the world via the internet, for example, from the Trends in International Mathematics and Science Study (TIMSS, 2003). There many challenges that Brunei Darussalam and many other countries including the United States are facing to produce enough engineers and scientists. In Brunei there are not enough students taking science and mathematics. Many students in school and university find it difficult to learn science and mathematics, especially in English. Bell (1999) explained the case for poor mathematics and science results of South Africa in English in the Third International Mathematics and Science Study. He argued that though language may be one of the dominant factors, there could be other factors such as administrative efficiencies of the education systems, the different approaches to teaching and learning, and the work ethic and culture of teaching and learning in the different countries which participated.

In South Africa, the majority of students do not study mathematics and science through their L1s. The results are poor when South African students write internationally standardised mathematics and science tests in English. In 1995, learners from South Africa participated in the Third International Mathematics and Science Survey (TIMSS). In countries where English is not the home language of the majority of the population, the tests were translated into the majority home language, which was also the language used in the educational system. In several cases, different language versions of the TIMMS tests were offered within the same country, for example French and Flemish in Belgium and English and Spanish in the United States. In South Africa, however, because mathematics and science are taught in English, they were also tested in English for TIMMS. Bell (1999) explained that South Africa was the only country that had more than one official language but which forced participants of all languages to undergo the survey in English.
In the TIMSS 2003, at both the eighth and fourth grades, Singapore was the top-performing country having significantly higher average achievement in mathematics and science than the rest of the participating countries. Malaysia’s participation was limited to the grade 8 level. The students’ performances were similar to those of the Russian Federation and Scotland.
BACKGROUND OF THE STUDY
Although students in Brunei learn English from primary 1 and mathematics and science from primary 4, the command and usage of the English language is not satisfactory for most of the students who only use the language during lessons when English-medium subjects are taught. There are plans to start teaching mathematics in English from primary 1.
There is also a heavy investment in technology in all schools in Brunei. All Government primary and secondary schools in Brunei are provided with ICT laboratories and internet access. Teachers are encouraged to use technology and multimedia to change how they teach. Text is combined with sounds, and images and incorporated into video clips. Teachers and students need to be able to communicate through such instructional resources from the internet, multimedia and other media and to understand the concepts that are embedded in them. Increasingly, new multimodal ways of communication are being used in classrooms.

Thirteen pre-service (math and science) and two inservice (math) student teachers at the Sultan Hassanal Bolkiah Institute of Education, Universiti Brunei Darussalam, taking research courses on mathematics and science education were assigned to conduct a classroom-based action research study. They selected problem-solving science and mathematics questions for the fourth grade from TIMSS 2003. Samples of these international problem solving and inquiry tasks are available for fourth grade mathematics and science, and eighth grade mathematics and science from the website, http://timss.bc.edu/timss2003i/psi.html. Some tasks have only one question and others contain a series of questions. Each question is accompanied by a sample of a student response that received full credit and a scoring guide. The scoring guide contains a description of the correct answer. Often, when appropriate, the scoring guide also identifies incorrect answers that signify student misconceptions. The creative problem-solving tasks are available to help teachers and enhance students’ learning in mathematics and science education in primary and lower secondary classes.
METHODOLOGY

Fourth grade mathematics and science questions were selected by the student teachers for assessing primary 5 pupils’ abilities. These questions were considered appropriate as the research was conducted at the beginning of the year and primary 5 pupils had learned the topics in the previous year. Examples of such creative problem-solving tasks in mathematics and science respectively are:
1. Number tiles – addition and subtraction
Jamilah and Harith played the game “Get to 20” with number tiles.

	Jamilah picked
	[image: image1.png]



	; Harith picked
	



a) What is the addition problem that Jamilah could make with her number tiles that gives a total closest to 20? Be sure to include the total.

b) What is the addition problem that Harith could make with his number tiles that gives a total closest to 20? Be sure to include the total.


c)
Harith said, “If I pick                            and            , I can make 20 in two different ways.”



Show two ways that Harith could make 20 with                                     and            .


First way:


Second way:

2. Light and shadows:

There are two things wrong with the shadow of the man shown in the picture below. 


Write down two things that are wrong.


Figure 1. Light and shadow task.

The other cognitive tasks selected for this research included the following:
3. Number tiles – addition, subtraction, multiplication

4. Find starting number 
5. Area of shape on squared paper

6. Rectangles and triangles

7. Bar graph interpretations

8. Separating a mixture of substances
9. Plants, sunlight and photosynthesis

10. Air Pollution

The student teachers first administered the tasks in primary 5 classes in six schools near to the university or the student teachers’ homes for convenience. The two inservice teachers carried out the research on their own whereas the preservice teachers worked in groups of twos or threes. Each group selected their own problem-solving and inquiry tasks and administered the pretests in two classes in a school. The pretests were administered in a classroom setting and pupils had to write their answers on paper provided. When pupils faced word problems, they were observed to be:

staring blankly at the question paper; 
talking to nearby friends; showing disinterest;
looking at their friend’s work; 
appealing for help; 
doing other tasks (such as colouring);
pretending to read or do the questions; and

writing and erasing steps they used to work out the problems.

After the pupils had finished the pre-tests in the given time of 30 minutes, the student teacher researchers interviewed the pupils in class. Most pupils did not know what the word questions were about. They did not understand words such as ‘tiles’, ‘get to’, ‘closest’, ‘largest’, ‘air pollution’, ‘sawdust’, ‘iron filings’, ‘pebbles’, ‘mixture’, ‘separate’ and so on. A few pupils were not able to read the words even mechanically. Many were not able to write their answers in English to express their ideas. For example, they just wrote ‘hand’ for the question on shadow.
INTERVENTIONS

After the pre-test and interviews had been carried out, the student teacher researchers consulted with the class teachers and came back to the research classes to discuss the learning difficulties of the pupils and plan for interventions. Various practical activities including story-telling resourced from the internet were chosen to try to address pupils’ language difficulties. The activities were grounded in realistic situations that are meaningful to pupils. Such situated learning were aimed at expanding pupils’ receptive and expressive mathematics and science vocabulary that the pupils had difficulty with, such as; ‘close’, ‘closer’, ‘closest’, ‘large’, ‘larger’, ‘largest’, ‘get’, ‘get to’ and so on. 
The inservice student teachers had more time (three 1-hour lessons) for intervention in mathematics in their course as the course carries 7 units. They were able to develop short stories and other practical activities to address pupil difficulties in one treatment class in the ‘number tiles’ or ‘bar graph’ task. The preservice student teachers were only able to develop practical activities for mathematics or science because they had less time (one 1-hour lesson) in their 3-unit course. Picture cards, comic strips and picture stories were also used. Pupils were given guided practice in understanding and answering the problem-solving tasks. 
In the story-telling activity for ‘number tiles – addition and subtraction’, the student teacher researcher related the vocabulary words to the oral questions. For example, pupils were asked to think of some numbers, which are close to 20? Among 23, 32 and 42, which number is the largest number? Most pupils were able to answer these oral questions. The researcher then did some oral activities that are similar to the questions in their pre-test. The teaching activities and focus questions went on well and pupils were attentive, interested and able to work out the problems. Story-telling and elements of the four components of situated practice, overt instruction, critical framing and transformed practice as described by Pahl and Rowsell (2005) were similarly used for the mathematics task on ‘bar chart’.

For science tasks such as the ‘light and shadow’ task, pupils were given overt instruction on the meanings of concept labels in realistic situations both in and outside the classroom, for example, playing with shadows on the wall and floor. Pupils were also given opportunities to practise communicating what the shadows looked like.
RESULTS AND DISCUSSIONS
After the interventions, the same tasks were administered to all treatment and control classes. The pre- and post-test mean scores and standard deviations (SD) were computed and compared using Microsoft Excel. The two inservice mathematics teachers computed effect sizes of different treatments to determine the effectiveness of each specified treatment using Becker’s (1999) ‘Effect Size Calculator’ which is web-based. 

The test scores of pupils who were absent from either of the two tests were disregarded. Likewise test scores of special needs pupils were not considered in this exploratory study. A few of such pupils who had difficulty reading and writing were present in some of the classes. Mean scores for each of the two mathematics problem-solving tasks and their effect sizes are shown in Table 1. Effect sizes (Cohen’s d) are defined as "small, d = 0.2", "medium, d = 0.5", and "large, d = 0.8" with 58th, 69th and 79th percentile standings (Cohen, 1988).
Table 1

Correct Responses for Mathematics Tasks by Inservice Teachers  
	Task
	Class Size
	Pretest Mean (SD)
	Post-test Mean (SD)
	Difference in Mean
	t-test/sig./

Effect Size,
(Cohen’s d)

	1. Number tiles
(Add, Subtract)
	(max score = 12)
	
	
	Independent samples t = 2.14

	Control Class
	20
	8.72 (2.99)
	9.26 (3.1)
	+0.54
	Sig = 0.04

	Treatment Class
	15
	7.00 (3.29)
	11.25 (0.97)
	+4.25
	ES = 0.69

	2. Bar graph interpretations   
	(max score = 10)
	
	
	Independent samples t = 2.14

	Control Class
	17
	6.41 (1.84)
	6.59 (1.97)
	+0.18
	Sig = 0.04

	Treatment Class
	22
	5.36 (1.56)
	7.82 (1.62)
	+2.46
	ES = 0.68



Besides participating in the lessons and enjoying the activities, pupils in the two treatment classes were able to re-tell or continue the stories, apply their knowledge of vocabulary learned for ‘number tiles’ and ‘bar graph’. Their process skills of the arithmetic operations were adequate for the tasks. This resulted in gains in their post-test scores. The high values of Cohen’s d are seen as large effect sizes of longer duration of three hours of intervention lessons. However, many pupils still made mistakes in the part of the question on ‘bar graph’ about fraction of a number of people. Multiple representations of the concept of fraction are probably needed. The weaker classes were chosen for intervention. The control classes did not show improvements in the post-test as seen in the treatment classes. The slight gains in score shown by the control class in the ‘number tiles’ task could be due to interactions among the pupils and teachers in the school during the two months of research activities at the school. 

The interventions by the preservice student teachers were different. Each of the groups of preservice teachers used two mathematics and two science tasks in their pretests. They managed to teach one or two hour intervention lessons on either mathematics or science tasks. They did not have enough time to conduct the interventions. Pupils in the treatment classes showed slight improvements in the post-tests. The increases in correct responses were not as much as in the interventions of three hours by the inservice teachers. Higher percentages of pupils in the treatment classes were able to answer the questions correctly than in the control classes. These results of tasks that were taught in the treatment classes are shown in Table 2.  

Table 2
Percentage Correct Responses for Preservice Student Teachers’ Classes    

	Task
	Class Size
	Pretest
	Post-test
	Pre- Post-test Difference

	1. Rectangles and triangles
	
	
	
	

	Control Class
	25
	12
	12
	0

	Treatment Class
	26
	8
	31
	+23

	2. Area of shape on squared paper
	
	
	
	

	Control Class
	19
	16
	18
	+2

	Treatment Class
	20
	5
	30
	+25

	3. Bar graph interpretations   
	
	
	
	

	Control Class
	17
	12
	14
	+2

	Treatment Class
	22
	9
	41
	+32

	4. Number tiles by Addition, Subtraction, Multiplication
	
	

	Control Class
	32
	5, 8, 4
	7, 10, 4
	+2, +2, 0

	Treatment Class
	35
	6, 6, 3
	36, 45, 30 
	+30, +39, +27

	5. Find starting number
	
	
	
	

	Control Class
	23
	9
	8
	–1

	Treatment Class
	25
	12
	28
	+16

	6. Light and shadows
	
	
	
	

	Control Class
	24
	3
	4
	+1

	Treatment Class
	26
	2
	10
	+8

	7. Separating a mixture of substances
	
	
	
	

	Control Class
	21
	0
	2
	+2

	Treatment Class
	22
	9
	18
	+9


CONCLUSION

The inservice teacher researchers had resourced, adapted and integrated stories with pictures from the internet in their mathematics lessons in order to make the lessons more interesting and effective by relating the vocabulary used with those in the problem-solving and inquiry tasks. They had managed to relate the problem-solving tasks to real life situations in the stories that pupils could relate to. There were many pictures sourced through the internet and generated by computer. In addition, the teacher researchers reported that they had developed skills in locating and selecting appropriate stories as well as discovering innate story-telling skills. 

These findings demonstrate the potential of story-telling in mathematics lessons as an additional strategy to expand their repertoire of mathematics teaching skills. However, every teaching strategy has its own limitations and story-telling is no exception. Teachers should ensure that the morals and values in the stories are appropriate for pupils and can promote and enhance national cultures and identities as well.
Teaching-learning is a complex process. Teaching does not guarantee learning in pupils. The student teacher researchers in these two courses have learned through a process of action research that there are many factors that influence the teaching and learning of mathematics and science (Adler, 2001; Beardsmore, 1998; Bell, 1999; Leong, Chong, Abdullah, & Clements, 2001). Language may be one of the dominant factors that influenced pupils’ poor performance in their pre- and post-tests. Language difficulties significantly hampered pupils’ conceptual understanding especially in the Brunei upper primary levels where pupils start to use English as the medium of instruction when they are in their fourth year (primary 4). Mathematics and science teachers need to integrate the development of language skills in their lessons. This is no longer the sole responsibility of language teachers. “In the light of increasingly textual nature of our society and professions, the teaching of reading and writing skills is no longer seen as the sole province of English teachers” (LeCourt, 2001, 85).

The preservice student teachers through this action research became aware that teaching a new technique of understanding and solving the problems posed creatively is not easy. They reported that it is not realistic to expect too much from the pupils. More time is needed to actually explore activities with pupils or even actually give pupils a chance to be the teacher instead. By letting pupils do the activities ‘physically’, we can make them understand the lesson rather than them being passive pupils where they just sit, watch and listen to what the teacher is doing and explaining. Furthermore, practice makes perfect and practice makes permanent, so when they have time to practise a lot, we can be sure that they will improve. As reported by Rosenberg and King-Sears (1993) guided and independent practice are effective methods of improving learning.
Story-telling is an effective old technology for effective teaching and learning. However, with the availability of new technologies such as internet resources, good story shells for many teaching-learning situations can be easily resourced and used in class. New emerging technologies can help build language proficiencies across the curriculum. More than that, pupils can be given opportunities to create their own pictures, stories, presentations and videos.
Multiple stories rather than only one story have been suggested by Asher (2000). This can set the ceiling high enough for individual differences in performance to show up between the groups. The stories should be "novel"-ones that pupils have not heard before but contain familiar vocabulary that they have experienced in their classroom instruction.
Many still regard technology as ‘yet another ideologically neutral tool to support the teaching of skills’ (LeCourt, 2001). With internet readily available in schools and at home, technology should not be regarded merely as a tool or a means to promote more democratic educational practices. Educational practices and cultural practices are inextricable.

The way forward is to nurture and support “centres of excellence”. Educators need to identify and collaborate with teachers on innovative initiatives already happening in schools and classrooms. Such activities should be supported by researchers so that such successes can be documented and disseminated electronically to all stake-holders and interested parties. Internet resources are in place already. This can then be the success story of the internet for educational practices and multiliteracies.     
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