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Language in Mathematics? 

A comparative study of four national curricula

Sigmund Ongstad

Background

This short, somewhat summative study builds on four co-ordinated small-scale investigations of the explicit role of language and communication in mathematics curricula in England, Norway, Sweden and Romania. The study aims at addressing major, relevant key issues for an overall, international framework for language(s) of schooling. The background papers and texts hence consist of a study of each country's curriculum (Pepin, 2007a, Hudson and Nyström, 2007, Singer, 2007a and Ongstad, 2007a). The Swedish and the Romanian studies both have an attachment. In the former, particular tasks for evaluating language in mathematics are discussed. The latter gives a rather detailed overview over how language and communication is discursively positioned within the national curriculum in mathematics in Romania. 

Finally there are two other texts published separately, one by B. Pepin that compares mathematics education in United Kingdom, Germany and France (Pepin, 2007b), and one by F. M. Singer that discusses the role of cognition in relation to language (Singer, 2007b). A longer paper by S. Ongstad, published separately, will sum up how language and communication is positioned within mathematics education on the curricular level in more general terms (Ongstad, 2007b). This overarching text will even suggest strategies for how LAC in mathematics can contribute to a general framework for language(s) of schooling. The paper will to some extent build on a work published in Educational Studies in Mathematics, Mathematics and Mathematics Education as Triadic Communication? (Ongstad, 2006).

England

Primary school in England ranges from age 5 to 11 (with focus on two so-called Key Stages, KS1 and KS2), whereas secondary (comprehensive) school ranges from age 11 to 16 (KS3 and KS4). Study programmes in the National Curriculum describe ‘what pupils should be taught’. What are called ‘attainment targets’ (AT) give expected standards of performance (as an outcome of teaching and learning). In mathematics there are four: using and applying mathematics; number and algebra; shape, space and measures; and handling data (HD). All the ATs consist of eight level descriptions of increasing difficulty, plus a description for exceptional performance above level 8.

There are four Key Stages for learning achievement along the years. KS3 and KS4 are described in The Secondary National Strategy. KS3, which seems closest to the end of compulsory schooling in other European countries, aims to raise standards by strengthening teaching and learning across the curriculum for all 11–14 year olds.

Except for formulations such as mathematics provides opportunities for pupils to develop the key skills of: Communication, through learning to express ideas and methods precisely, unambiguously and concisely and Working with others, through group activity and discussions on mathematical ideas language and communication is not really a significant issue in the national curriculum for mathematics in England at KS3. Still, one can find other formulations that reveal consciousness of the role of language and communication, such as Interpret, discuss and synthesise geometrical information, communicate mathematically making use of geometrical diagrams and related explanatory text, Use precise language and exact methods to analyse geometrical configurations, and justify their choices.
Pepin concludes that:


(...) the National Curriculum (statutory) as well as the National Strategy (non-
statutory), are concerned about language and communication for the teaching 
and learning of mathematics. Interestingly, the National Strategy seems to be 
mainly anxious about children learning the right kind of vocabulary in 
mathematics, such as for example inverse, equivalence, equality, 
proportionality, congruence, similarity, linearity, and so on. 

There is a certain emphasis on communicational aspects such as discussion and interpretation, reasoning and proof (nevertheless still focusing language elements such as if …then, because, therefore, implies …, or what if …? And why?). Although the NC claims that to communicate mathematically, including the use of precise mathematical language is at the heart of the endeavour, Pepin's impression is that overall it is the language aspect that is highlighted and emphasised, rather than communication. She also doubts whether curricular intentions are followed up in classrooms.

While curricular descriptions of both literacy, language and communication and of mathematics in primary education contains many ideas about relationships between language and mathematics, this connection seems to have been clearly downsized in secondary education/KS3. Here mathematics as such is the focus.

Sweden

In considering the aim of mathematics and its role in education, compulsory schools in Sweden have the task of:


(…)providing pupils with the knowledge in mathematics needed for them to be 
able to make well-founded decisions when making different choices in everyday 
life, in order to be able to interpret and use the increasing flow of information 
and be able to follow and participate in decision-making processes in society. It 
is intended that the subject should provide a sound basis for studying other 
subjects, for further education and lifelong learning (Skolverket, 2007).

Hudson and Nyström (2007) find that mathematics as part of the wider culture and education is stressed in terms of giving an insight into the subject’s historical development, its significance and role in society. Also:

The subject aims at developing the pupil's interest in mathematics, as well as creating opportunities for communicating in mathematical language and expressions. It should also give pupils the opportunity to discover aesthetic values in mathematical patterns, forms and relationships, as well as experience, satisfaction and joy in understanding and solving problems (Skolverket, 2007).

Although the importance to practise and communicate mathematically in meaningful and relevant situations are emphasised, the chapter concerning goals to aim for gives no explicit reference to communication. Hudson and Nyström find this rather surprising in view of the explicitly stated aims. Further, there are no explicit references to language and communication aspects in the section on the structure and nature of the subject or in the goals to be attained either by the end of the early phase or at the very end of compulsory school.

It should be noted though that there is explicit reference to the importance of oral communication in the criteria under the section on the student’s ability to use, develop and express mathematical knowledge: An important aspect of knowing mathematics is the student’s ability to express her/his thoughts orally and in writing, with the help of the mathematical language of symbols and supported by concrete material and pictures.
Swedish examples of mathematical tasks particularly suited for communication can be found in the national assessment system. Swedish national tests in mathematics are designed to cover a broad spectrum of the syllabus, they are fairly low-stakes and to a high degree aligned with the curriculum. Examples can be found in Appendix 1 (Hudson and Nyström, 2007).

Romania

In her study, Singer (2007a) found that new philosophies of education promoted by the National Curriculum put more emphasis on language across the curriculum. Thus, among the four framework objectives for mathematics in compulsory education, there is one devoted explicitly to communication: Knowledge and use of mathematical concepts, Development of exploration, investigation and problem-solving capacities, Communicate using mathematical language and Develop interest and motivation for studying mathematics and applying them to various contexts.

After investigating in detail the relationship between mathematics on the one hand and language and communication on the other hand in the different parts of the written curriculum, Singer concludes in six points. (These language and communication aspects are to some extent based on concepts developed in earlier texts by S. Ongstad and by H. Vollmer.):

Language as direct communication, as a way to exchange ideas and interact with others, to jointly construct meaning in pairs, in small groups or in the classroom as a whole, to negotiate meaning. Among the four framework objectives, one is devoted to communicating using the mathematical language. The reference objectives for “Communicating using the mathematical language”, as for the other framework objectives, are constructed in progression from grade one to the last grade of compulsory education. 
Language as an expression of understanding and text comprehension. Some reference objectives emphasise reading and writing mathematical texts, as well as decoding mathematics texts through the help of logical operators and quantifiers. 
Language as (disciplinary) content (especially basic meanings/ terms and expressions). Language as reflecting the structure of a topic or theme is emphasised within the framework objective “Knowledge and use of mathematical concepts”, in the learning activities that are focused on terminology.

Language as discursive pragmatics, language as realisations of basic discourse 
functions (like naming, defining, describing, explaining, supporting, reporting, hypothesising, evaluating etc.) is emphasised in various examples of learning activities that are provided within the subject curriculum for each grade.

Aspects related to language as creativity (the rheme/new part in theme-rheme or given-new dynamics) language as the tool and means for developing, 
creating and expressing new concepts and insights are targeted through the framework objective “Developing competencies in exploration, investigation 
and problem-solving”. 

Language for reflecting (critically) on the subject and one’s own learning is emphasised through the framework objective “Developing interest and motivation for studying mathematics and applying it to various contexts”. The 
reference objectives focused on communication and on developing attitudes are fundamental for meta-cognition and aim at the very core of education in the 21st century (Singer 2007, this volume).

Norway

Ongstad (2007a) concludes that the new national curriculum for mathematics in Norway (LK06) in use from 2006 onwards, gives absolute priority to disciplinarity in the three parts 'objectives', 'subject areas' and 'competence aims'. In the fourth part, 'basic skills', language and communication, or 'discursivity', is by far the most significant pattern. This leads to a schism that is the plan's most significant pattern and creates uncertainty about the plan's main intention. Is it the objectives or is it the skills? The basic-skill chapter, where competences for language and communication dominate, can be read as a way of 'intruding' mathematics (and even the other school subjects in the curriculum), and force them to be tools for and mediate a wider enculturation (or perhaps even 'Bildung') rather than being an isolated, purely disciplinary knowledge. An overall conclusion can be that the aspects in question mainly are kept separate. 

Ongstad's study even compares the two last national curricula. If there is any significant 'developmental line' from the former curriculum from 1997 (L97) to the current, LK06, what seems lost is the relative clear conceptual orientation found in L97. One implication is that the KL06 seems to put less weight on a conscious semantic based epistemology that could have opened a door between language and mathematics.

In general, a rather formal and quite general 'communicative' approach seems to have won a pyrrhic victory, and mainly in a particular part of the curriculum. This kind of schism is probably strongest in the Norwegian curriculum, but is nevertheless even an overall tendency in the four investigated curricula. However, if future Norwegian evaluations actually will end up focusing on overall basic skills (rather than purely mathematical ones), the communicational ambitions might become relevant further down the road. 

A general interpretation 

All four curricula have some, but not many explicit references to language and communication. These are mostly found in the general parts (introductions) where the discipline is related to learners, 'world' and society ('lifeworlds'). The closer one gets to specific goals and aims (often signalled as 'bullet points') the more weight is put on mathematics as such. While the English curriculum has quite strong references to language and learning across the curriculum for the primary level and appears to be quite balanced, the split and the imbalance between mathematics and communication are significant at what is called KS3 (in the lower part of secondary education). The same tendency to keep mathematics and language separate is found in the Swedish and the Norwegian curricula. The Romanian curriculum in mathematics seems, at least rhetorically, willing to pay more attention to communication as part of mathematics as a didactic enterprise.

In Norway, the idea of communication in mathematics rather stems from general curricular and didactic tendencies outside the discipline, an idea that is generally imposed on the different school subjects. This leads to a significant schism in the text in that each part of the curriculum has different intentions and implications. The English curriculum in mathematics could be said to stress language more than communication, a tendency for instance visible in prioritising clarity and preciseness when working with key concepts. The Swedish curriculum is similar to the Norwegian in that the introduction gives room to language and communication, but more or less skips this interest in the other parts. A big difference, though, is that the Norwegian curriculum has explicitly altered the relationship between the discipline and more overall curricular aims (that is, basic skills). In this particular part of the curriculum, mathematics is forced to see itself as a means, an ambition that is hardly supported in the other, more 'crucial' parts.

All the curricula have very brief descriptions of 'disciplinarity', mostly given as short, concrete cues or bullet points. This 'discourse' is dominated by disciplinary 'nouns', concepts that most teachers are familiar with. The nouns in these points function implicitly as part of speech acts that seem to give clear directives for what the syllabus is supposed to be. By the same token, the curricula are rather unclear about what is important, as there is hardly any hierarchical order between the many aspects within this part of the texts. Although all national curricula in the general parts clearly give priority to the needs and the interests of the learner and society, the discipline of mathematics seems able to establish its own agenda within this 'horizontally' structured, curricular framework. Clear ambitions of introducing language and communication in curricula for mathematics are, therefore, generally not really backed up.

An overall strategic discussion of what is at stake will, as mentioned, be given in Ongstad (2007b), which again will be part of a general analysis of language across the curriculum. As a start the following challenges should be considered.

Some key issues

A
All the inspected curricula give mathematics a key role in culture and society, and stress (to different degrees) important connections between mathematics as a discipline and a school subject on the one hand, and language and communication on the other hand. Whether this is really 'meant' is hard to say, since there are symptoms that just pay lip service to the importance of communication. On the other hand, the rhetorical phrasing of this aspect could be related to more hidden power games and tugs of war in reform processes.

B.
In all the four countries basic skills or key competencies have been given priority in the overall general, national curriculum. Only Norway has followed up this intention in the school subject sections by giving the basic skills (rather formally) a key role in all the curricula and hence also in mathematics. This raises the problem of priority (signalled by hierarchical structure) between different curricular parts. With the worldwide new 'design' of curricula ('shortness' as 'clearness') and with ongoing silent battles between summative and formative evaluation, it is not obvious for teachers how they should prioritise, or to what extent they should try to integrate the two ambitions.

C.
There are reasons for believing that mathematics has more problems than most other school subjects with the integration or the interface between mathematics and language and communication. There is, for instance, a strong will in the disciplinary parts of the mathematics curricula to describe mathematics rather than relating mathematics to different communicative contexts. Further, perceptions of what language and communication might be seem, if not outdated, at least rather fragmented and coincidental. Finally, it is tempting to believe that among mathematics teachers in secondary education and among others that contribute to designing a curriculum, there exists a strong priority of disciplinarity. The profile of the elements of the school subject is often conceived as a 'skyscraper' rather than as a row of ‘terraced houses'. Within such a 'vertical' paradigm there is probably less room for seeing mathematic education as a compound of elements of aspects from other fields of knowledge (such as linguistics and sociology). If this is the case, it is quite thought-provoking that among many theorists in mathematics education language, communication and semiotics, in short, discursivity, is seen as crucial or even inevitable. 
Which aspects are important?

There are several important aspects of language and communication that deserve further investigation and clarification, such as concept, context, discursivity and semiotics. However, these cannot be described in theoretical isolation. They need to be related to other major, didactic, contextual processes, such as teaching, disciplining and learning. 

A problem with educational understandings of mathematical concepts is that a more cognitive and semantic view has dominated among educators, who are mostly recruited from the disciplinary side. Even if socio-constructivism seems relatively strong in mathematics in many European teacher educations, this direction seems to have had less impact on how the different curricula have phrased the core concepts that are important for integrating language and communication elements in mathematics as a school subject.

Partly related to this problem is the role of context. While the sociological awareness of the importance of social background regarding children's conceptualising was increasing in the 1970s, the interest in developing a more advanced understanding seems to have evaporated during the 1980s and 1990s. For the writing of curricula and textbooks this loss in insight has lead to a lack of interest in the cultural significance of key concepts in the process of learning. 

However, context is important in a much wider sense as well. A recent evaluation among teachers of mathematics in the UK made it clear that teachers' awareness of the role of context is increasing. A problem is that with a traditional, simplistic understanding of context as some kind of box, as a 'place' or physical environment, a discursive, semiotic and communicational perspective seems harder to grasp. In such a view a mathematical concept can often 'belong' to a particular mathematical genre or discourse (which hence becomes a context). Further this communicational form may belong in a particular, educative discursive setting. And the school as institution will be part of a certain kind of society, and so on. This never-ending embeddedness can hardly be handled in a didactic adequate way without a broader understanding of context as discursive, semiotic and communicational.

Learning mathematics can thus be seen to be permeated by constant discursivity: one cannot not use mathematical genres, one cannot not communicate mathematically, any mathematical act is in some sense an utterance, any concept is both mathematical and linguistic, mathematics is not just a language in its own, it is even a 'languaging', discursive activity, and it contributes to 'language'.

A position that can help bridge the gaps between language and mathematics is semiotics. In this perspective learning mathematics can be seen as a cultural sign-process. The pre-school child has been enculturated through an ethno-mathematical experience where letters, words, figures, pictures, in short signs, are the basic entities. The semiotic unit sign may constitute a simple starting point for any mathematics in schools, irrespective of whether a national written curriculum takes this fact into consideration or not. The wider scope of 'semiotics' may also help to reduce a somewhat negative attitude to 'language' in some disciplines. Still, semiotics is a fairly unknown word and one cannot expect it to be commonly used and understood. Its main function could therefore be to support the idea that it is necessary to extend the horizon from 'just' verbal language to semiotic communication.

If the above four focused concepts are presented in isolation, they will not be of much help in moving mathematics and communication closer together. Teaching mathematics needs to be seen as communication. Developing the discipline/school subject of mathematics ('disciplining') needs to be seen as communication, and learning mathematics needs to be seen as communication. However, expressing these three perspectives separately does not make them different kinds or separate processes of communication. Although it is possible (and even sensible) sometimes to focus on them separately, they happen simultaneously. For this to be better understood, doing mathematics, whether as research or in learning, should be seen as communication, not just as something that to some extent can be mediated by language. To make this clear for teachers of mathematics (and others), the implicit language parts of curricula, textbooks, teaching and learning have to be "lifted to the surface" by a conceptual framework

Ongoing research in mathematics, and everyday use of mathematics in education and in society as a whole, contribute semiotically and communicatively to culture in an integrative way, weaving together disciplinary and discursive aspects. Which aspects will be most important, relevant and adequate in different contexts, is a crucial didactic question. However, that can hardly be convincingly addressed without a more subtle conceptual framework.

Just as it has been a problem for pedagogy as an educational discipline in teacher education to be both specific and general when handling different subject content in education, it will be a challenge for the language of schooling to find a reasonable conceptual balance between specific mathematicallity and general disciplinarity. A key question will be which concepts are adequate for describing overall communicational patterns within school subjects, and which are just valid and relevant in certain sub-fields. That should be answered by relating explicitly to disciplinarity while investigating communicational conditions for school subjects across borders in Europe. 
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