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Research in Lae, Papua New Guinea (PNG) has suggested that students' 
competence in their first language does have an effect on their 
achievement scores in mathematics. This result is at variance with 
long-held views in PNG that the first language of students had a 
negative effect on students' learning. However, it supports the recent 
move by the PNG Secretary of Education to encourage the use of non-
English language in the first six months of schooling. It is one thing to 
gather educational data and analyse it in many ways to help tell some 
story or other; it is another thing altogether for the suggestions arising 
from such analyses to be implemented in some way in classrooms. 
Many factors impinge on this implementation phase. Cultural and 
situational implications have not always been considered at this point of 
the research process. The manner in which the work in the area of 
mathematics and language has impacted on different systems will be 
commented on in the second half of this paper. 

Mathematics and Language Learning 

The Situation in Papua New Guinea 

A common reason which has been given in the past to explain why PNG 
students have difficulty in learning mathematics is that they are being 
taught in English, their second (or third, or fourth) language. However, 
since that is the way the system runs, it is reasoned that every effort 
needs to be made to develop the students' facility in English. This line 
of argument is taken to mean that the students' first language(s) should 
not be used when it comes to school learning. Indeed it is argued that 
the use of the first language or any non-English language, should be 
actively discouraged. It is believed that the only role these languages 
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play is to set up "interference patterns' with the learning in English, and 
hence inhibit school learning. This intuitive theory could be termed the 
"common sense' view. 

The first groups to bring western education to PNG, the Christian 
mission societies, used the common lingua franca of their particular area 
for teaching, at least in the first three years of schooling, sometimes 
then switching to the use of English. Old timers from these societies 
held firmly to their belief that starting from what children know when 
they first attend school, their own language, was the sensible approach. 
This argument had the backing of the practitioners who had been out in 
the schoolrooms in the bush. This stance could be styled one that 
arose from "practical wisdom'. Interestingly, a number of linguists held 
this view as well. 

Surprisingly, there would appear to have been little research undertaken 
into this fundamental educational question in PNG. Only two studies 
seem to be of particular relevance. Downing and Downing (1983) set 
up a research project in villages of the North Solomons Province. They 
looked at language acquisition of students. The results supported the 
notion that learning in the students' first language has a positive 
influence on their literacy ability. The second research study looked at 
the interaction of language and mathematics learning. 

It had already been established that the language of instruction, English, 
did indeed play a role in students' difficulty with achievement in 
mathematics. Although school children could perform reasonably well 
with straight numerical operations (Southwell 1984; Sullivan 1981), 
they did have difficulty wi th mathematical word problems. In particular, 
they seemed to make more language comprehension errors when 
solving mathematical word problems than their western counterparts, 
but fewer 'careless' or 'unknown' errors (Clarkson 1991a). Language 
factors also seemed to become more important as students progressed 
through the school system (Souviney 1983). Within this body of 
research, however, there had not been a direct exploration of the effect 
that the students' bilingualism had on their achievement in 
mathematics. A further study set out to explore this aspect. 
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Using the theoretical work of Cummins (Cummins and Swain 1986) as a 
guide, the author worked with 309 year 6 students from five schools in 
Lae. This group of urban students had been brought up with Tok Pisin 
as their first language, rather than one of the vernacular languages of 
PNG, or English. The students took various mathematics and language 
tests in both Tok Pisin and English, the language of instruction. 
Students also completed various attitudinal and cognitive style 
instruments, and filled out survey questionnaires about when they used 
which of their languages, as well as detailing some information on their 
home background. The analyses clearly supported the notion that, for 
these students, competence in their first language, as well as 
competence in English did result in higher achievement scores in 
mathematics (Clarkson 1992; Clarkson & Galbraith 1992), and 
interestingly in other subject areas as well (Clarkson & Clarkson 1993). 
There was also some indication that competence in their first language 
resulted in fewer comprehension errors when the students were working 
in English (Clarkson 1991c). Tests of competence in written work 
seemed to be more important than verbal tests in both languages, and 
competence in logical connectives (e.g. if, but, and, together, etc.) in 
English also was of high importance (Clarkson 1991b). 

Language Policy in Papua New Guinea 

From the early 1960s when the then colonial power in PNG, Australia, 
at long last started to develop an education system throughout the 
country, English was chosen as the official language of learning. This 
policy was also followed by the new independent government in 1975. 
There was some softening of the policy in the early 1980s when 
teachers were allowed some freedom of choice of the language used as 
a teaching medium. In/1985, however, the traditional ' English only' 
policy was reinforced |Roakeina 1985). Then in 1989 there was a 
change. It became official policy that teachers should use the first 
language of the students in the first six months of schooling, and then 
revert to an 'English only' teaching environment. If it was not possible 
to use the first language because the teacher did not have a command 
of it, then a common lingua franca could be used, again, if possible. 

60 



It would be delightful if researchers could claim that the change in 
policy came about because of their work. This however is not so. In 
any case, it is doubtful whether any change of policy should take place 
on the basis of two studies, although one could hope that 
administrators would become far more sensitive to the issue and 
perhaps give support for further investigation. But the power brokers in 
systems seem to respond to other forces far more readily than they do 
to results of research. In this instance, the change is brought about as 
a response, not to educational research results, but to popular pressure 
to make the community schools (Years 1-6) more relevant and 
accessible to the influential and politically meaningful local community. 
This type of pressure has been an important issue in education 
discussion in PNG since before independence. The very name 
'community school' derives from this argument. It is therefore a happy 
coincidence that the policy is in line to some degree with the results of 
research. 

Implementation of Research 

The second issue taken up in this paper is the use made of educational 
research results. In particular, consideration is given to the importance 
attached to the situational and cultural contexts in which research is 
conducted. The specific example of research which will be focussed on 
is that of mathematics learning by second language learners. Brief 
comments will be made on particular situations in Canada, the United 
States of America, Australia and Papua New Guinea. 

Before considering this, however, it is useful to remember that there are 
other aspects of educational research which can be reflected on before, 
or at the same time as, attempting a classroom implementation phase. 
The PNG results described above, for example, extend the application of 
a particular theoretical thrust, developed by Cummins (Cummins and 
Swain 1986), to quite a new situation. Apparently his theory had 
grown with three predominant situations in mind. One was the children 
of immigrants learning in a second language. Another was parents 
belonging to the dominant language group in a western society 
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choosing to have their children learn in a minority language of the 
country (e.g. the immersion programs in Canada). A third situation was 
that of an indigenous people living in a western country, but learning in 
their own minority language. The PNG study, however, was looking at 
students who were learning in their second language, but their first 
language was the dominant language outside the classroom. Clearly 
PNG is not a western country. It is of interest to note, however, that to 
a large degree the results were in line with the predictions of Cummin's 
theory. In some ways this allows for more confident application of 
these theoretical ideas. Even so, the way these results could be used 
will also be dependent on the situation in which teachers and students 
work and, often more importantly, on the views of the political and 
bureaucratic masters of the system. 

There are a number of clear avenues of extending this research study, 
with the new condition where students speak the dominant language as 
their first language, and learn in the non-dominant language. In the 
study just described, the data collected was from an urban area where 
Tok Pisin was the first language of the students. The next extension 
could be to explore other urban areas in the Tok Pisin environment, and 
then urban areas where Hiri Motu is the main lingua franca. Perhaps the 
most difficult step would then be to take the study to the villages of 
PNG using a sample of the 780-odd vernaculars spoken throughout the 
country. (A further extension could be to those nations where similar 
pidgins to Tok Pisin are used, e.g. Solomon Islands). However, this is 
clearly a very long-term project. Curriculum developers and teachers 
would not wait so long for results, and hence a tension can develop 
between waiting for robust results from research, and the need for 
ongoing development of appropriate curricula and teaching processes. 

We now turn to a brief comparison of some different settings in which 
bilingual students learn mathematics. 

Canada 

Canada is a bilingual country. English is the dominant language, but 
French is also recognised as an official language. Within the education 
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system there is allowance made for immersion classes. These normally 
attract children of English-speaking families, members of the dominant 
language group. Teaching in these classes occurs for varying periods of 
time in French. In the early years of schooling, this may be 8 0 % or 
more of the teaching time for all subject areas, but normally not 100% 
of the available time. In the later primary grades of schooling, the 
percentage time of French usage falls. When French is used in a 
teaching session, it is the common practice that this precludes the use 
of English. Investigative studies show that although students in these 
classes achieve lower scores on a variety of subject tests in the early 
years of schooling when compared to students taught in English, this 
trend corrects itself by the middle to late primary years. By late primary 
to early secondary years, immersion students tend to outperform their 
non-immersion peers in all areas, including in mathematics. 

Within this scenario it should be noted that both languages used by the 
students are regarded clearly as vehicles for scholarly discourse, and 
there is no argument that both have a great heritage in the realm of 
western learning. 

California and Florida 

In some sections of these two states of the USA, there is a high 
proportion of Spanish-speaking immigrants. Some have been residents 
for many years, while others are recent arrivals, forced from their homes 
in Central America by the continuing regional wars. The language of 
instruction is normally English, the language of the dominant group in 
that society. However, in certain school districts and particular schools 
there is belief that the use of the first language creates a more useful 
environment in which to teach these children. Hence some schools 
have consciously employed bilingual teachers so that Spanish-speaking 
immigrant children can be taught in Spanish. 

There can, however, be outside pressures on a school that limit the 
implementation of a particular approach. In this instance, there is a 
requirement that schools test their year 3 students using designated 
assessment instruments. These are written in English. Hence the 

63 



practical decision has been made in a number of these schools to scale 
down the use of Spanish through year 3 so the students will be 'ready' 
to take the mandated tests in English during the following year. The 
teachers, however, are adamant that, if this ' impediment' to their 
program did not exist, they would in fact continue to use Spanish 
throughout the primary years. In line with this feeling, Spanish is used 
as the language of instruction for quite a high proportion of the teaching 
time for some higher primary classes that are composed of newly 
arrived immigrant children. 

This situation is somewhat different from the immersion programs. The 
initial language of instruction this time is the first language of the 
children, which is also the minority language in their society. Unlike the 
immersion programs, constraints from outside the school impose a 
limitation on the use of Spanish in higher primary years. The amount of 
time devoted to the use of French in the immersion programs is not 
restricted in this manner, although there is a growing increase in the use 
of English (the dominant language) throughout the primary school years. 
A commonality, though, is that Spanish, like French, is recognised as a 
language in which academic discourse can readily take place. However, 
it should be noted that many of the immigrants often speak various 
dialects of Spanish. 

Victoria 

Melbourne, the capital of Victoria, Australia, is a city with a significant 
immigrant population. Until the late 1980s, it was the second biggest 
Greek-speaking city in the world, second only to Athens. Melbourne 
also has the greatest concentration of Maltese-speaking people of any 
city in the world. In addition, there are significant numbers of Italian, 
Turkish, Middle East, South American, and, increasingly, South-East 
Asian immigrants living there. 

A number of other characteristics of the people are of interest. Some 
immigrants come from sophisticated urban backgrounds which reflect 
western technological culture. Others are from rural or semi-rural areas 
where western culture is known only in rudimentary forms. A number 
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come from countries where repressive totalitarian regimes have held 
power for many years. In these cultures, language has been seen as a 
vehicle to show subservience to higher authority. It is not used as a 
medium in which free discussion is held in small groups so that a 
consensus can be arrived at within the group, and this view defended 
against the opinions of other groups of peers. 

In total, about one in five Victorian students was born overseas, with a 
high percentage coming from non English-speaking backgrounds. There 
is also another group of students now evident in many schools and 
tertiary institutions. These are the second generation migrants who are 
caught in the dilemma of being Australian but living, say, in an Italian 
household. 

During the 1980s some useful material was produced for mathematics 
teachers to help them become aware of the needs of the non English-
speaking migrants (e.g. Thomas 1986). There was also some material 
for teacher educators that dealt with the broad issue of language and 
mathematics and, in particular, the teaching of mathematics to bilingual 
students (MacGregor and Moore 1991). However, in some of the major 
curriculum packages produced, such as the Mathematics Curriculum and 
Teaching Program (Lovitt and Clarke 1988) and Exploring Mathematics 
in Classrooms [EMIC] (Ministry of Education 1989), there. was no 
mention of the bilingual students' needs when learning mathematics. 
For example, Robinson (1987:14) suggested: 

EMIC sees language as having a very important role in 
mathematics education. ...... Last but not least, 
language, the child's language, is important to 
mathematics teachers because it provides them with a 
window into the child's mind. 

Excellent, except when the child does not speak English, or speaks it 
with difficulty. This was a sad omission. A passing mention was given 
in The Mathematics Framework P-10 (1988:30), the government 
document that gave direction to mathematics teaching in Victoria till the 
mid 1990s. Until the mid 1990s, it appeared that the main effort in 

65 



implementing research results from the mathematics/language-learning 
interface had been for the monolingual English-speaking student. 
Interestingly, this cohort of students tends in the main to come from the 
middle class strata of society in Victoria. 

From the mid 1980s, the work of Cummins and its implications for 
mathematics was becoming well known in the research read by 
mathematics education academics in Victoria, and in material produced 
for teachers and curriculum people (e.g. Clarkson & Thomas 1986 
1989; Whyte & Haarhoff 1987). The curriculum documents took some 
time to respond. In the new central curriculum document for 
mathematics teachers, there is a small statement drawing attention to 
the needs of students who have English as their second language (ESL), 
although this exact same statement appears in all the different learning 
areas curriculum statements (Board of Studies 1995: 6). However, in 
the detailed accompanying course advice documents there are a number 
of references to the ESL students learning mathematics and the need to 
use particular teaching techniques (Department of Education, nd), but 
there is no advice on whether or when to encourage the use of a 
student's first language. Clearly the research on bilinguals learning 
mathematics is being embraced to some degree by curriculum 
developers, but they still seem to be proposing the teaching model for 
ESL students as one that is aimed at overcoming a deficit, rather than 
exploring the possible gains of embracing first language learning. 

The theoretical work has continued with primary age migrant students 
in Melbourne and Sydney. The early results are now suggesting that 
indeed many of these students do use their first language when solving 
mathematical problems (Clarkson 1996; Dawe & Clarkson 1997), and 
competence in both their first language and in English does give an 
advantage for mathematics achievement, even after the effects of 
cognitive development are accounted for (Clarkson & Dawe 1997). 

In responding to this area of research it should be noted that there are 
few areas in Melbourne that have very high concentrations of any one 
ethnic group. Thus in many schools there is often a range of languages 
spoken by the immigrant children. This in turn means that the type of 
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solution that has been applied in Florida and California, where the 
Spanish immigrants tend to be located in particular areas of a city, is 
not as easily implemented in Melbourne. 

In Victoria there has, until recently, been no mandated testing as in the 
USA. However, in the last three years the Victoria government has 
implemented mandatory testing for all students in grades 3 and 5. 
Although there is some influence on the design of the tests by ESL 
academics, nevertheless the tests are in English and there is a general 
concern within the education community as to whether the test results 
are a true indication of mathematical ability for students with a non 
English speaking background. Teachers in Victoria are therefore having 
to adjust to this type of pressure which is external to the school, and is 
similar to the pressure that their US colleagues have been under for a 
long time. Also like the USA situation, and not the Canadian, students 
will be expected to be competent in their second language, English, for 
higher learning. 

Papua New Guinea 

As noted earlier, the situation in PNG is somewhat different from other 
places. In PNG there does not seem to be a conscious decision to 
implement research results. Rather, the policy of using vernaculars 
during the first six months of schooling seems to have arisen far more 
from the political need for the primary schools to be better integrated 
into the local community. This is clearly an important and appropriate 
reason. However, the rationale for the change is quite different from 
drawing on educational research. Indeed this policy can be seen as an 
extension of the 'Tok Ples Skul' movement which has pre-Community 
Schools teaching a curriculum of two years' duration in the local 
vernacular and using local people as the teachers. 

However, the way in which this movement has been linked to the 
research on bilingualism is of interest. There has been some discussion, 
and even justification sought for this policy, since it is said to be in line 
with that of the Canadian immersion program. If it is accepted that 
bilingual students, after a number of years, are likely to do better, or at 
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least no worse, on academic tasks than monolingual students, there is a 
coalescing of the practices. However, the situations for each practice 
are very different, and should be recognised as such. 

In the Canadian and USA situations, both languages are recognised as 
competent vehicles for academic discussion of western technological 
school work. In PNG the vernaculars and lingua francas are not so 
recognised. There are ways in which the perception of these languages 
and the languages themselves could be changed, but one wonders 
whether such a change will be possible, assuming it was judged 
appropriate, if the policy remains to use 'English only' after six months 
of schooling in the Community Schools. 

The reasons for implementing this policy are questionable. Clearly the 
situation in the United States cannot be taken as a useful precedent. 
There, the outside imposition of mandated assessment has impacted on 
the teachers. No such outside testing procedures are required in PNG 
until the end of year six. 

Another possible explanation for this policy is the practice of using 
'French only' in teaching sessions in the immersion programs in 
Canada. However, the overall school program incorporating French 
immersion classes does not normally require the exclusive use of French 
all day. Indeed, as the children progress through the school, English is 
used more and more. 

Clearly there is a real danger in taking too much of a lead from western 
countries on how to implement this policy, or perhaps using the 
practices in some western countries to justify a policy decision which 
was made for other good reasons. 

The PNG study of mathematics and language outlined earlier in this 
paper raises some other interesting aspects of implementing this policy 
change. The students in the study were in grade 6. Clearly their first 
language had an influence on their mathematical performance, even 
though all their schooling had been in English. Secondly, other data 
collected in the study indicated that students would often try to solve a 
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hard problem by thinking about it in Tok Pisin, if they had failed to solve 
it by thinking in English. This suggests that students are going to use 
their first language in trying to solve mathematical problems, whether 
teachers tell them they are allowed to or not. Indeed it seems more 
reasonable for a teacher to follow this trend and talk the problem 
through in Tok Pisin to begin wi th, but lead the student back into the 
English language as part of the process of solution. Such results and 
interpretations will suggest that more thought needs to be given to 
compulsory use of 'English only' after six months in school. 

Summary 

The above section has briefly noted some of the language developments 
that have been applied in some areas of two countries, Canada and the 
USA, followed by an account of the situation in Victoria where some 
very tentative beginnings have been made, and finally PNG where there 
is an interesting interplay of policy change and research results. 

There is a danger for educational researchers to take hold of what is 
assumed to be the 'scientific model of research in western society' and 
apply that without much thought to their own situation. This 'model ' 
implies that you start at a particular point, complete an investigation, 
and then apply the results. A very clean and neat approach; but in 
education we deal with people and that makes the situation messy. 

Atoms of the one element are all alike (those of the same isotope at any 
rate). People are not all alike. The scientist can often assume that 
during the time taken to complete an experiment other factors which 
may influence results can be held constant. It is hard to have a 
constant classroom (even if you wanted it to be so). It is hard to have 
students who only change as a response to the specific environments 
we might try and create for them in our 'experiment'. In science it can 
be relatively simple to repeat an experiment in a different country under 
the same conditions; students are different in different cultures. 

All this is common educational knowledge, I am sure. It is, however, so 
easy to seek justification for an educational policy change because it 
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seems to be following overseas practice, even though there are 
fundamental situational differences, and in fact the change has been 
made for other reasons. It is also easy to listen to overseas theory, to 
see what is implemented there, and immediately to assume that that is 
what should be done here. Indeed there is still a belief, particularly 
among bureaucrats and politicians in Australia, that if it works in the 
USA or England, then it must be the thing to do in Melbourne and 
Manangatang. 

It would seem to me that more thought needs to be given to how 
language policy change is implemented in developing countries such as 
PNG, as well as in developed countries like Australia. Ongoing research 
is needed in both contexts. Practice in the USA, Canada and other 
countries should be considered by all means. The situation and culture 
that surrounds that practice should, however, always be considered 
carefully. 
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