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Abstract

Mathematics, science and technology are key learning areas in the modern world. English is used in the teaching and learning of these subjects in many countries including Commonwealth countries such as India, Singapore and Brunei Darussalam. In Brunei mathematics and science were taught in English from Year 4 (Primary 4) until 2008. With the new 21st Century National Education System these two learning areas are now taught in English from Year 1. The aim is to increase the number of students taking mathematics and pure science subjects and to raise the standard of teaching and learning in mathematics and science in the nation.

Students are prepared for the Brunei-Cambridge General Certificate of Education (BCGCE) Ordinary and Advanced Level mathematics and science subjects. Some students are weak in English and face language problems in learning mathematics and science. Research findings on language factors in the teaching and learning of these subjects in Brunei from Primary 1 to secondary levels will be presented and discussed in the light of current concerns in curriculum and teaching. Related problems and possible alternatives dealing with evaluation, innovation, implementation, teacher professional development and standards, accountability, government policy, non-government schools, and socio-cultural factors will also be discussed both in the local and regional contexts.
Introduction


The Southeast Asian Ministers of Education Organization (SEAMEO) carried out a major project to study the use of mother tongues as bridge languages of instruction in Southeast Asia. As in other regions, many children are taught in languages that are not spoken in their immediate community. Research and data, where available, show that these children are in higher proportion among the out-of-school population (Kosonen & Young, 2009). Everywhere, there is an urgent need to ensure that language of instruction issues receive adequate attention. This language issue in the teaching and learning of mathematics and science appears to be also prominent in Brunei Darussalam and Malaysia. The issue is the use of English in the teaching and learning of these two subjects from Year 1 of schooling to the tertiary levels.

There is great linguistic diversity in Southeast Asian countries and concern for speakers of minority languages being more likely to have difficulty learning mathematics and science in English or the national and/or official languages. However, the concern in Brunei and Malaysia is the teaching and learning of mathematics and science in English. Is there too much emphasis on English? Different Southeast Asian countries have embraced different language-in-education policies and practices for classroom instruction. 

In Southeast Asia there are many dominant ethno-linguistic groups and national and official languages. According to Kosonen and Young (2009) exact figures pertaining to languages spoken in Southeast Asia are difficult to determine, but available estimates indicate that around 1,000 languages are spoken in the region. Figure 1 shows the estimated numbers of languages spoken in Southeast Asian nations. 
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Figure1. Number of spoken languages in Southeast Asia (Kosonen & Young, 2009).

SEAMEO (2008) in its workshop report on the use of the mother tongue in instruction, advocates the use of mother tongue in early education before adopting the main stream language for instruction at a later time. For the case of Brunei and Malaysia, this would mean learning first in local Malay and other minority languages before continuing learning at the upper levels in Standard Malay and/or English. However, education systems enshrined in the constitution, and government policies are difficult to change though maybe I could have done better beginning school in Cantonese or Hokkien in Penang. Mandarin was not my mother tongue and was not used in my home or surroundings around Brick Kiln Road. What happens in many schools is that some teachers and many children communicate in the children’s mother tongue or spoken language, or else they might not be understood. In Brunei code-switching between English and Malay during lessons is common (Romaizah, Venville & Treagust, 2007).

Brunei’s small population is made up mostly of Malay indigenous communities, followed by people of Chinese ancestry and other races. For such a small country, Brunei’s population speak in different languages mainly because of its geography – Malay communities that speak such languages as Belait, Bisaya, Brunei Malay, Dusun, Kedayan, Murut and Tutong and indigenous communities that speak Iban and Kelabit (Jones, 2008). However, the most widely spoken language is Brunei Malay, which was assumed to have originated from the Kampong Ayer dialect. For official correspondence, however, Standard Malay (Bahasa Melayu) is used and is also taught in school. In urban areas, Malay, Chinese and English are regularly used. Brunei’s education policies trace their roots from the introduction of formal education and the development of the country’s educational system since it became a British protectorate in the early 1900s. In the early years of the 1900s, Brunei introduced English in the government elementary classes and opened vernacular schools for boys and girls.

Martin (1998) categorized the languages of Brunei under three groups – the indigenous languages, which include the Malay dialects (Brunei Malay, Kedayan, Bazaar Malay, and Palace Speech) and the non-Malay dialects (Tutong, Belait, Dusun, Bisaya, and Murut); the nonindigenous languages, which consist of the Chinese (Hakka, Hokkien, Hainanese, and Cantonese), Indian, and Native languages (Penan and Iban); and lastly the supraregional languages, which are English and Bahasa Melayu. The Malay dialects have traditionally been the lingua francae for communication between ethnolinguistic communities. The official and national language of Brunei, however, is Standard Malay, as stated in the Brunei Constitution of 1959. English is also widely used as a business and working language, and is also the medium of instruction in secondary and tertiary education.
Bilingualism in Brunei
The official and national language in the constitution of Brunei is Standard Malay (Brunei Government Publication, 1959). English is however widely used as a business/working language and medium of instruction in tertiary education. The national education system of Brunei adopts a bilingual education policy called Dwibahasa, meaning “two languages.” The specific objective of this policy is for learners to achieve competence in English while retaining the first language, Malay to ensure the sovereignty of the Malay language. At the same time the importance of the English language is recognized (Government of Brunei Darussalam, 1984). In the Dwibahasa system (Government of Brunei, 1985), emphasis is on the dominance of the Malay language.

Standard Malay was the sole language of instruction in the earlier pre-primary and lower primary school stages (until 2008), with increasing switch to English as the language of instruction in the upper primary and secondary levels. From 2008 onwards, however, mathematics and science in lower primary classes, have been taught in English. The education system prioritizes the use of Standard Malay as the official national language and promotes the use of English as an important second language of instruction of the school system. There is no written provision in Brunei’s education policy with regard to the use of a mother tongue as either an additional or bridge language in the school, even though some Bruneian children may start school without any knowledge of Standard Malay or English.


Most of the Chinese came from surrounding regions such as Sarawak and Singapore, but many also came from Hong Kong (Ho, 2009). These were technical and business people who came in search of job and business opportunities in the oil industry. The teaching of Mandarin Chinese (not as a language of instruction for other subjects) has enabled the use of mother tongue as bridge language in the teaching of subjects across the curriculum. This has been fundamental in helping students maintain their Chinese culture and gain access to school knowledge in English and Standard Malay. 

The writer will discuss parallels from relevant research findings in Brunei over a number of years to a more complex education system in Malaysia. Mathematics, science and technology are key learning areas in the modern world. English is used in the teaching and learning of these subjects in many countries including Commonwealth countries such as India, Singapore and Brunei Darussalam. In Brunei mathematics and science were taught in English from Year 4 (Primary 4) until 2008. With the new National Education System for the 21st Century these two learning areas are now taught in English from Year 1. The aim is to increase the number of students taking mathematics and pure science subjects and to raise the standard of teaching and learning in mathematics and science in the nation.

Students are prepared for the Brunei-Cambridge General Certificate of Education (BCGCE) Ordinary and Advanced Level mathematics, science and other subjects. Some students are weak in English and face language problems in learning mathematics and science. Students who are not so fluent in English take Malay-medium subjects as well. Research findings on language factors in the teaching and learning of these subjects in Brunei from Primary 1 to secondary levels are presented and discussed in the light of current concerns in curriculum and teaching, namely, evaluation, innovation, implementation, teacher professional development and standards, accountability, government policy, non-government schools, and socio-cultural factors.

Assessment
South Africa participated in the Third International Mathematics and Science Survey (TIMSS). In South Africa there are about 11 official languages including English. However, because mathematics and science are taught in some areas in English (one of the official languages), the language was used in TIMSS resulting in very poor achievement scores (Bell, 1999). The author however did not attribute the poor performance solely on language factors. Rather he argued that there could be deficiencies in the curriculum, resources and teaching approaches. There is a similar parallel in Brunei. Students from primary, secondary to tertiary levels face the same dilemma, that is, the majority are unable to perform well in written public examinations in English. Those who do well are awarded scholarships to study in overseas universities mostly in the United Kingdom. In Malaysia opportunities for higher studies overseas in English are through scholarships or family support. However, in recent years, degree programmes in English have become available with local private universities being allowed to operate in the country. There is great demand for tertiary education in English in Brunei and Malaysia.
Language factors in examinations are best reflected in examiners’ reports available at the Cambridge International Examinations website. For example, in the Ordinary Level Biology paper, it was reported that candidates “should appreciate that the longer questions need to be read carefully”. In a particular question on respiration, the report said that “Those who mentioned humans eating plants often omitted any reference to digestion, or that it is in the muscle cells that the respiration occurs to release (NOT ‘produce’) the energy that is then used for muscle contraction. When such specific language expressions are expected in candidates’ responses, it is biased against second language (L2) users. The Biology practical examination report also highlighted that marks were lost carelessly by failure to follow simple instructions – drawing no guide line to show where the measurement was taken in or stating conclusions rather than results (observations) in the table. However, in examination centres where candidates’ scores were low, in single figures or just above, the marks for drawing the graph, the specimens and the calculation of magnification, were the main and sometimes the only source. Similar observations were made by the examiners for the Mathematics papers. In mathematics the graphical questions proved popular, with candidates gaining good marks for plotting and drawing. However, where the graph had to be interpreted, it proved difficult for candidates. Similarly in science, physics, chemistry and biology, when language expressions are minimal in responses, or when explanations can be given in diagrams, L2 users can perform better. This is also reflected in the Bruneian Bilingual project (Leong, Chong, Abdullah & Clements, 2001). Students also find inference questions difficult (Heppner, Heppner & Leong, 1997). 
One of the problems with assessment is that the assessment of content and the assessment of language are sometimes confounded. When assessing second language (L2) students, teachers need to ask whether they are measuring language proficiency or content knowledge (Anstrom, 1997). She suggested that whenever possible and appropriate, schools should make efforts to assess students’ content knowledge and abilities in the first language as well as in English. This is to ensure that students’ academic achievements are not underestimated. The problem could be semantic rather than conceptual. This is especially evident in primary 1 and 2 classes. An experience of the writer is that primary 5 children know “ampus” (Brunei Malay dialect) while I know asthma as “asma” (Standard Malay). Students in Brunei who do not use English at home, in school or in learning mathematics and science could be disadvantaged especially in assessments with a high requirement for expressive writing in English (Heppner et al., 1997; Leong, 2007; Leong et al., 2001; Romaizah, Venville & Treagust, 2007).

Innovation
Mathematics and science teachers at all levels of education 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). 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). More than that teachers need to involve parents and the home to assist in ensuring that their children read, read aloud and write about their mathematics and science. In these subjects students should also be taught to talk, draw, graph, illustrate and write short sentences to explain concepts and ideas to compensate for fluency in the second language.
Implementation
Although students in bilingual schools in Brunei had been learning English from primary 1 and mathematics and science in English from primary 4, the command and usage of the English language was not satisfactory for most of the students who only used the language during lessons when English-medium subjects were taught. From 2008, pupils started learning mathematics and science in English from primary 1.

Teachers are encouraged to use realia, hands-on and minds-on activities, and 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.

The Bachelor of Education (Primary) programme at Universiti Brunei includes a graduation exercise which is an action research to be conducted in schools for a whole semester of 14 weeks.  From 2006 to 2008, twenty student teachers enrolled in the action research courses in primary mathematics and science at the Sultan Hassanal Bolkiah Institute of Education, Universiti Brunei Darussalam collaborated with school teachers and the writer to conduct classroom-based action research on the teaching and learning of mathematics and science in English. The focus was on language factors. For Years 1 to 3 questions from the school textbooks and workbooks were used. For Year 4 and 5, problem-solving science and mathematics questions for the fourth grade from TIMSS 2003 were included in the tasks. 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. The creative problem-solving tasks are available to help teachers and enhance pupils’ learning in mathematics and science education in primary and lower secondary classes. Year 6 classes were not involved in the research as they were preparing for their public examination at the end of the year.
Throughout the study, the student teacher researchers, class teachers and writer collaborated to identify learning difficulties of the pupils and plan for interventions. Most of the difficulties could be attributed to language factors. Various hands-on, minds-on and other role-play and practical activities including story-telling resourced from the internet were chosen to try to address pupils’ language and conceptual difficulties. The activities were grounded in realistic situations that are meaningful to pupils. Such situated learning were aimed at expanding pupils’ concepts and receptive and expressive mathematics and science vocabulary that the pupils had difficulty with, such as; ‘next’, ‘close’, ‘closer’, ‘closest’, ‘large’, ‘larger’, ‘largest’, ‘get’, ‘get to’ and so on. 
The student teachers were able to develop short stories and various types of practical activities to address pupil difficulties. 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 activities student teacher researchers related the vocabulary words to the oral questions. Pupils were also given opportunities to practise communicating by exploring, drawing, talking and writing out their ideas on money, number lines, arithmetic operations, number sense, fractions, shadows, living things, and life-cycles. 
In every class there were a few pupils who had earlier experienced difficulties leaning the vocabulary and concepts in English. After the interventions most of these pupils showed improvements and were able to perform the tasks reasonably well and acquire the necessary working terminologies in mathematics and science. It was found that with such assistance and teaching approaches, pupils were able to learn their mathematics and science in English from primary 1. In some instances, code-switching (using both English and Malay) had to be used although officially it was not encouraged by education officials. It was pure necessity. In a position paper incorporating proposals and resolutions on education in a multilingual word, UNESCO (2003) states:

Principle II

UNESCO supports bilingual and/or multilingual education at all levels of education as means of promoting both social and gender equality and as a key element of linguistically diverse societies.

(I) ‘Communication, expression and the capacity to listen and dialogue [should be encouraged], first of all in the mother tongue, then, [if the mother tongue is different from the official or national language,] in the official [or national] language in the country, as well as in one or more foreign languages’ through:

_‘the early acquisition… of a second language in addition to the mother tongue’;

_the introduction of ‘the second language… as a subject of instruction’ the amount of which ‘should be increased gradually’ and which should not become the medium of instruction ‘until the pupils are sufficiently familiar with it’.

_‘further education in this second language at primary-school level based on its use as a medium of instruction, thus using two languages for the acquisition of knowledge throughout the school course up to university level;

_intensive and trans-disciplinary learning of at least a third… language in secondary school, so that when pupils leave school they have a working knowledge of three languages – which should represent the normal range of practical linguistic skills in the twenty-first century’ (p. 29).

Implications of these proposals and resolutions in the Brunei and Malaysia contexts are discussed further in this paper. 

Teacher professional development, standards and accountability
In terms of initial teacher preparation, the Ministry of Education, schools and Sultan Hassanal Bolkiah Institute of Education, Universiti Brunei Darussalam are incorporating more school experiences in its courses or modules. Pre-service and in-service teachers are also involved in collaborative action research with faculty to develop pedagogical content knowledge, reflectivity and creativity. All teachers have to work towards developing their own abilities to structure flexible and innovative learning experiences that foster language, literacy and numeracy development (when the opportunity arises). English and Standard Malay are equally important in Brunei, for scholarship awards for tertiary education and for admission to English medium programmes at the university. For teachers already in the system, English, mathematics and science teachers have to undergo about 200 hours of re-training in teaching English, and mathematics and science in English. The in-service courses emphasize English language development and pedagogical content knowledge of topics in the syllabus and are conducted by teacher educators from the university. In Brunei this is only for about 130 primary schools. In Malaysia similar in-service courses will need to be conducted at the district level since there are so many schools nation wide. Another standard is that teaching and learning should be intellectually challenging and connect with the world beyond the school. Teachers need to possess and continually develop these skills, knowledge and commitment to support the social development and participation of young people and build relationships with families and community.

Pre-service and in-service teachers are increasingly required to be responsible, accountable, be able to express themselves and to provide evidences of their own performance and self-efforts to meet set professional teacher standards and provide quality instruction to their pupils. A great advantage of private schools and institutions, as compared to public enterprises, is that teachers can be fired easily.  
Government policy
Since 2008, mathematics and science have been taught in English from primary 1. There are no vernacular schools in Brunei as in Malaysia. The few private Chinese primary and secondary schools follow the government bilingual (Malay and English) system. There are not many Chinese in Brunei and the other minorities are in even smaller numbers. Chinese is taught as a language. However, in the non-government/private schools and some urban schools English is commonly used by teachers and students. Students in these schools are much more fluent in English and many of the students use English at home. Unofficially, Malay is used in the classroom. However, it should be used only when necessary to ensure that students are clear about the meanings and concepts that are being discussed. In Malaysia, there are vernacular schools or ‘Sekolah Rendah Jenis Kebangsaan’ – national type primary schools. All school subjects (except for languages) are taught in Mandarin, Tamil or the vernacular type of the school. This is laid down in the constitution and unless the minority communities relinquish the privilege, the system needs to be maintained to be sustainable. However, the writer would like to suggest ways that we could work around this system in all schools. Students from the rural areas where there is little use of English at home or in the local communities are likely to be disadvantaged in the language and instruction in that language. They would then be marginalized when it comes to winning scholarships to study abroad or to pursue a degree programme locally or regionally in English. 
Government and Non-government schools

Non-government and international schools in Brunei work around the education system and produce better examination results in English, mathematics and science subjects. Before 2008, these subjects were taught in Malay at the lower primary level. Even then, teachers would be exposing their pupils to some use of English in the subjects. Workbooks in English commonly used in Singapore were used. Though Malay was the language of instruction, some English was used by the teachers and students.


Now, since 2008, there has been a reversal. English is now the language of instruction but that does not inhibit or prevent teachers from using Malay when necessary. However, there are some teachers who use a lot of Malay un-necessarily when teaching mathematics and science, even for daily common instructions. If students do not get enough practice listening to, and using English to respond to questions orally and in the written form, they will not be able to do so during written examinations. They need to be given plenty of guided and independent practice to develop these competences.


As mentioned in the UNESCO 2003 proposals and resolutions, early acquisition of a second language in addition to the mother tongue should be provided. In this global economy, when students leave school they should have opportunities to study and work in foreign lands. Even more than 2000 years ago, our ancestors were venturing into foreign lands to trade and barter. English is a useful international language to acquire. So are Mandarin (Chinese), French, German, Italian, Spanish, Dutch and others. UNESCO recommends having a working knowledge of three languages ‘which should represent the normal range of practical linguistic skills in the twenty-first century’ (p. 29).

In addition to code-switching, if mathematics and science are taught in English, it would be useful to repeat the teaching of key concepts in Malay or the vernacular subject for an hour or two outside of school hours, or in the form of co-curricula activities such as computer, maths or science club activities. Conversely, if the subjects are taught in Malay, the same could be done in English. Even until the 1980s, in some smaller towns in Malaysia, students went to a government school in the morning (to learn in Malay or English), and attended a Chinese school in the afternoon, that is if one is passionate about learning to excel. After all, many urban students nowadays attend tuition classes after school in Malaysia and in Brunei. Students who cannot afford tuition classes should be able to benefit from extra lessons/activities in school to learn English, mathematics and science after school in the language of their choice, or to prepare for international university entrance examinations.
Socio-cultural factors
School teachers and students in urban schools are already commonly using English in and outside the classroom, and in their homes. In government and vernacular schools in the rural areas, it would be beneficial to encourage a wider use of English and reading of English story books and other reading materials at home.
Teachers should work in harmony with parents to ensure that students are motivated and helped to realize a satisfactory level of literacy related to their ability (Larking & Ahmad, 1997). Schools could help parents by:
· guiding them as to how they can supervise and assist with homework,
· encouraging them to read to their young children in Malay/English,

· listening regularly to their older children read and re-read passages of text,
· holding “open days” for parents to visit classrooms to see displays of children’s work and to see their children at work,

· helping teachers to develop better relationships with parents.
Even primary school children should read at home on a regular basis. Parents should be asked to listen regularly to their children reading and talk about what they have read. With internet access in school and maybe at home, students could be encouraged to set up blogs on the web and write about their lessons and readings. Work that they create or produce could be their own e-portfolio that they can build on over the years.     

Conclusion
Teaching-learning is a complex process. Understanding and the language factor are important. Language of instruction is a complex and critical issue involving the constitution, government policy, society, teachers and students. The writer’s attempts are to highlight personal experiences in teaching, learning and research in the use of English and Malay in schools in Brunei and Malaysia. The issue has already been resolved in Brunei in 2008 where the nation has adopted English as the language of instruction for these subjects. Research in Brunei shows that even primary 1 children can learn the subjects in English provided appropriate pedagogies are used.
However, language remains one of the dominant factors that influence pupils’ poor performance in these subjects, especially if questions are wordy and meant for first language uses. Likewise, if students are not fluent enough to read the questions, and express themselves, they find it difficult to answer inference questions. Teachers need to provide L2 learners with lots of opportunities for guided and independent practice. This could be done as co-curricula activities. 
Teachers need to be competent in English and have the necessary pedagogical content knowledge of topics that they teach. More time is also needed to actually explore mathematics and science activities with students. By letting pupils do the activities ‘physically’ and mentally, we can make them understand the lesson rather than them being passive learners where they just sit, watch and listen to what the teacher is doing and explaining. 
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, use of language and cultural practices are inextricable. The way forward is to nurture and support fluency in English in mathematics and science in school and at home. Educators need to identify and collaborate with teachers on innovative initiatives already happening in some schools and classrooms. Such activities as mathematics and science clubs in English should be supported by administrators so that such successes can be documented and disseminated electronically to all stake-holders and interested parties via school websites and blogs, and students’ blogs or e-portfolios. Internet resources are in place already. This can then be the success story of the internet for educational purposes and English as the language of instruction for mathematics and science subjects in all schools.     
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