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This work aims to: 
 
 
 
• make sense of the literature known as ethnomathematics; 
 
• investigate its philosophical, historical, anthropological, 

socio-political, and mathematical basis; 
 
• thereby derive a definition and description of the field; 
 
• and then explore the mathematical and educational 

implications of conceptualising mathematics in this way. 
 
 
 
 
Its thesis is that mathematics can be meaningfully 
characterised as culturally constructed, and that such a view 
is productive both for mathematics and for mathematics 
education. 
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Abstract

This thesis provides a new conceptualisation of ethnomathematics which avoids 

some of the difficulties which emerge in the literature. In particular, work has 

been started on a philosophic basis for the field. 

There is no consistent view of ethnomathematics in the literature. The 

relationship with mathematics itself has been ignored, and the philosophical and 

theoretical background is missing. The literature also reveals the ethnocentricity 

implied by ethnomathematics as a field of study based in a culture which has 

mathematics as a knowledge category. Two strategies to over come this problem 

are identified: universalising the referent of 'mathematics' so that it is the same as 

"knowledge-making"; or using methodological techniques to minimise it. 

The position of ethnomathematics in relationship to anthropology, sociology, 

history, and politics is characterised on a matrix. A place for ethnomathematics is 

found close the anthropology of mathematics, but the aim of anthropology is to 

better understand culture in general, while ethnomathematics aims to better 

understand mathematics. Anthropology, however, contributes its well-established 

methodologies for overcoming ethnocentricity. The search for a philosophical 

base finds a Wittgensteinian orientation which enables culturally based 'systems 

of meaning' to gain credibility in mathematics. 

A definition is proposed for ethnomathematics as the study of mathematical 

practices within context. Four types of ethnomathematical activity are identified: 

descriptive, archaeological, mathematising, and analytical activity. The definition 

also gives rise to a categorisation of ethnomathematical work along three 

dimensions: the closeness to conventional mathematics; the historical time; and 

the type of host culture. The mechanisms of interaction between mathematical 

practices are identified, and the imperialistic growth of mathematics is explained. 

Particular features of ethnomathematical theory are brought out in a four 

examples. 

By admitting the legitimacy of other viewpoints, ethnomathematics opens 

mathematics to new creative forces. Within education, ethnomathematics 

provides new choices, and turns cultural conflict into a useful tool for teaching. 

Mathematical activity exists in a variety of contexts. Learning mathematics 

involves being aware of, and integrating, diverse concepts. Ethnomathematics 

expands mathematical horizons, so that cultural diversity becomes a richer 

contributor to the cultural structures which humans use to understand their world. 
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A Note on Terminology
 
The word 'mathematics' has been used in a multitude of contexts and with a multitude of 
meanings. For most of this work its use will fall within normal parameters, but there are two 
particular features which require distinction. 
 
It becomes necessary to distinguish between mathematics as broadly conceived to cover any 
quantitative, spacial or relational activity, and that particular academic subject which has 
become a feature of school and university curricula world wide. When it is necessary to make 
this distinction I shall use a capitalised 'Mathematics' to refer to the latter conception. In this I 
am close to (but not identical with) Bishop's use (1988, p19). 
 
From Chapter 3 onwards I need to be able to use 'mathematics' in the plural. In most places 
the context makes it obvious when this occurs, but to avoid possible confusion I have used a 
following apostrophe (mathematics') to indicate a plural use. 
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  Introduction 

0 Introduction 

0.1 Setting the Scene 

In the last decade, there has been a growing literature dealing with the relationships between 

culture and mathematics, and describing examples of mathematics in cultural contexts. Since 

the mid-eighties, much of this literature has become part of a field known as 

ethnomathematics. 

The identification of the field by using the name with this meaning was made by D'Ambrosio 

(1984, 1987) at his keynote address at the 5th International Congress on Mathematics 

Education (ICME-5) in Adelaide in 1984. Later writers (Ascher & Ascher, 1986; Abraham & 

Bibby, 1988; Gerdes, 1989), by continuing this use, established its legitimation amongst 

mathematics educators, and lead to a meta-literature of ethnomathematics. This work is a 

contribution to the meta-literature: it is aimed at legitimatiing ethnomathematics amongst 

mathematicians. 

The idea that mathematics and culture are linked at a fundamental level is not generally 

acceptable amongst mathematicians, nor the general public. Mathematics is often regarded as 

acultural: it is seen as that part of human thought which is independent of culture (or the 

individual). It is pure thought. Alternatively, mathematics is seen as that part of thought 

which is common to all humans, i.e. it is pan-cultural. Its truths are irrefutable, its objects are 

'given'. How, then, can culture be fundamental to mathematics? The influence of culture is 

specifically excluded in a definition which is based on cross-cultural universals. 

The literature on ethnomathematics appears to take the most rational and the most objective 

of human endeavours and describes how it, too, is a product of the social condition. 

Ethnomathematics has important consequences both for mathematics and for mathematics 

education. This work is motivated by the writer's conviction that much of the literature makes 

sense in general terms, and by the difficulties experienced in talking about mathematics and 

culture with friends and mathematical colleagues. 

The main problem in discussing these ideas within a university mathematics department is 

that of being heard: preconceived ideas about the nature of mathematics and the mathematical 

task mean that mention of the word 'culture' brings into play a set of barriers. Thus the aim of 

the thesis could be broadly conceived as developing a discourse about culture and 

mathematics so that the issues involved can be stated, heard, and discussed by 

mathematicians, philosophers, historians, sociologists, mathematics educators, and anyone 

else with an interest in the field. The intended effect of this is to widen the legitimation of the 
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field within these groups, and to show its usefulness as a tool in mathematics and 

mathematics education. 
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  Introduction 

0.2 The Problem 

Why is it that talking about culture and mathematics in the same breath is such a problem? 

What is it about the literature on ethnomathematics which creates resistance in 

mathematicians? And what are the reasons behind resistance to the idea of mathematics as a 

cultural construct? 

Some of the reasons are historical/sociological. Mathematics is generally conceived in the 

form of Western rationalist thought with origins in Classical Greece, and contributions from 

India, the Far East, and the Islamic world in the first millennium AD. This founding in 

Platonist philosophy and rationalist values has become widely accepted as the basis on which 

mathematics is constructed. Challenging such a basis can be construed as striking at the heart 

of Western thought and attempting to devalue the technological developments which have 

been built upon it. Part of the task is to show that it is not necessary to deny the rationalistic 

history and the Classical foundations of mathematics as a discipline in order to acknowledge 

the role of culture in mathematics. What is needed is a new way of viewing this history as 

dependent on cultural circumstances, i.e. as a cultural evolution of ideas, rather than as an 

inevitable linear sequence of discoveries of increasing proximity to the 'truth'. An argument 

must therefore be presented for some sense of relativity for mathematics: an evolutionary 

sense, rather than the philosophical sense which is the antithesis of Platonism. Furthermore, it 

needs to be argued that the technological advances made possible by modern mathematics are 

a significant part of the cultural component of mathematics. They do not provide evidence 

that mathematics is a set of universal truths. 

A second set of reasons for resistance to mathematics as a cultural construct is contained 

within ethnomathematics. Writers in the field have not acknowledged the level at which 

contradictions exist within their literature. In fact, they are at pains to point out their 

unanimity. Two main writers recently repeatedly stated their perception of congruence in a 

published dialogue (D'Ambrosio & Ascher, 1994, p36 and 43): 

Ubiratan: ... Although our views on ethnomathematics are not entirely the same, I believe these 
views are convergent ... 

Marcia: ... And we are particularly convergent in our effort to see ethnomathematics as a 
revitalization of mathematics in school 

The contradictions exist in the relationship between the concepts of ethnomathematics and of 

mathematics as an international discipline. Ethnomathematics is one of the key terms which 

has come to define, and therefore to legitimate, the study of mathematics and culture. An aim 

of this thesis is to elucidate and address the contradictions in the use of this term. 
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Two Areas of Difficulty 

There are two dimensions to the difficulties in the field of ethnomathematics: the philosophy 

implied by it, and its various referents. 

Philosophical Confusion 

Very little of the ethnomathematical literature is explicit about which philosophical stance it 

takes. This needs to be addressed if the subject is to gain wider legitimacy in mathematical 

and general academic circles. 

Chapter 3 discusses ideas in the philosophy of mathematics which relate to 

ethnomathematics. The extent to which mathematics is universal is a key question, and 

philosophers of mathematics are far from being in agreement on the way in which 

mathematical ideas can be said to transcend cultures. Rationality and problems of objectivity 

form another important strand. 

Philosophy & Culture 

Part of the reason that ethnomathematics is construed as challenging the basis of Western 

thought is that traditional literature in the philosophy of mathematics does not address issues 

of culture directly. The debate concerns the nature of mathematical objects and our means of 

knowing them, and the search for foundations to free mathematics from paradox and 

uncertainty. It was only with Wittgenstein in the 1930's that the grounds for philosophical 

debate started to shift. Without explicitly debating the Realist/Relativist arguments, 

Wittgenstein examined the logical grammar of how we talk about mathematics. In this, and in 

some of the subsequent literature, a space is created to consider cultural elements within 

mathematics. 

Epistemology 

Another component of the philosophical basis of ethnomathematics is the implied 

epistemology in the use of that term: what does the idea of ethnomathematics assume about 

how we come by mathematical knowledge, and what we understand by mathematics? 

One aspect of this is that the context and ideas associated with ethnomathematics set the 

reader's mind in a particular way. For example, if it is being defined in relation to "the 

international discipline of mathematics", then a certain status and structure is being assumed 

for mathematics which may exclude some important ideas (like recreational mathematics). 

Much of the writing on ethnomathematics uses language as a determining feature of culture 

and an important component of mathematical activity. But language itself is construed in 

many ways, and the extent to which it represents thought has been an important debate since 
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Whorf stated (in the 1930's) that the structure of our language determines our perception of 

the world (Whorf, 1956; Carroll, 1964; Ghils, 1980). 

Culture 

A concept that needs clarification in any statement about ethnomathematics, is the concept of 

culture. While writers in ethnomathematics have generally been content with a loose 

definition based on social constructs like language, symbols or values, they have not 

addressed fundamental issues, like whether culture refers to a group of people, their practices, 

the set of common social components, distinct ways of thinking assumed to be present in a 

group, or some combination of these. More importantly, how does anyone (either within, or 

external to, the culture) come to identify and understand these things? 

Also of fundamental importance is the relationship between mathematics and culture. If 

mathematics is part of culture, then it does not make sense to ask how culture affects 

mathematics since they are interdependent. If, on the other hand, mathematics is regarded as 

separated from culture, then any discussion about cultural mathematics becomes problematic. 

Ethnomathematics 

Another problem is the nature of ethnomathematics. For example, if "every culture does 

mathematics, although mathematics is expressed in ways unique to that culture" (Borba, 

1990, p40), then who defines what is and what is not mathematics? In a culture which did not, 

in its time, have mathematics as such (e.g. Inca society), any practices now seen as 

mathematical would have been an integral part of other facets of society. How can we know 

whether those 'mathematical' parts have been properly conceived in terms of the original 

culture? 

This reflects the problematic nature of any socio-cultural research programme. The nature and 

status of the knowledge gained by research is the subject of debate. Research is inevitably 

based on limited data, and is viewed from the perspective of the researcher in the present. 

How do we know whether 'correct' inferences have been made, and whether research 

conclusions are valid? When the research is cross-cultural, or historical, there is even more 

disagreement. 

Referential Confusion 

Since ethnomathematics was widely accepted with its modern meaning (D'Ambrosio, 1984a), 

the concept has been used by a variety of writers with a variety of definitions. D'Ambrosio 

himself has used the following four descriptions (D'Ambrosio, 1984a, p45; 1985c, p45; 1989, 

p286; 1992, Title): 
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[Societies] have, as a result of the interaction of their individuals, developed practices, knowledge, 
and, in particular, jargons ... and codes, which clearly encompass the way they mathematise, that 
is the way they count, measure, relate and classify, and the way they infer. This is different from 
the way all these things are done by other cultural groups. ... [We are] interested in the 
relationship ... between ethno-mathematics and society, where 'ethnos' comes into the picture as 
the modern and very global concept of ethno both as race and/or culture, which implies language, 
codes, symbols, values, attitudes and so on, and which naturally implies science and mathematical 
practices. 

... we will call ethnomathematics the mathematics which is practised among identifiable cultural 
groups, such as national-tribal societies, labour groups, children of a certain age-bracket, 
professional classes, and so on. 

... we use the term ethnomathematics (ethno + mathema + tics) for the art or technique of 
understanding, explaining, learning about, coping with, and managing the natural, social, and 
political environment through processes like counting, measuring, sorting, ordering, and inferring 
- processes that result from well-identified cultural groups. 

Ethnomathematics: A Research Program on the History and Philosophy of Mathematics with 
Pedagogical Implications 

Other descriptions of ethnomathematics are (Ascher & Ascher, 1986, p125; Zepp, 1989, 
p211; Borba, 1990, p39; Ascher, 1991, Title; Nunes, 1992a; Milroy, 1992; Gerdes, 1994, 
p20): 

Ethnomathematics is the study of mathematical ideas of non-literate peoples. 

[Ethnomathematics] refers to a stance, perhaps even an ideology, that mathematics education 
should be relevant to the goals and aspirations of students, wherever they may be. 

[Ethnomathematics] can be seen as an epistemological approach to mathematics ... . 

Ethnomathematics: A Multicultural View of Mathematical Ideas 

[Ethnomathematics refers to] forms of mathematics that vary as a consequence of being 
embedded in cultural activities whose purpose is other than "doing mathematics". 

Ethnomathematics is concerned with the study of the different kinds of mathematics that emerge 
from different cultural groups 

Ethnomathematics as the field of research that tries to study mathematics (or mathematical ideas) 
in its (their) relationship to the whole of cultural and social life 

Is ethnomathematics the collection of particular practices of cultural groups; is it the 

knowledge behind those practices; is it the way cultural groups view mathematics; is it the 

study of the practices of particular cultural groups; or is it a research programme? The above 

quotes from D'Ambrosio show, for example, a shift from the 1984 idea that ethnomathematics 

was the means (e.g. the codes) by which a particular society mathematises; to, in 1989, the 

knowledge and art behind those actual means; to, in 1992, an international programme to 

investigate the ways different cultures mathematise. Gerdes (1995) has done an extensive 

analysis of the conceptual forerunners and alternative nomenclatures for ethnomathematics. 

He has identified eleven parallel concepts which have been contrasted with academic or 

school mathematics (Gerdes, 1994, p19). 
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Part of the referential confusion relates to the meaning of mathematics. The problem is not 

that mathematics is undefinable: mathematicians have pursued their art for thousands of years 

without too much difficulty about the inability to define their task exactly. Several 

descriptions of mathematics are available (e.g. Davis & Hersch, 1981), and there is enough 

common ground concerning the general characteristics of the subject to be able to 

acknowledge its diversity. 

However, one of the intentions in writing about ethnomathematics is to change what is 

understood by 'mathematics' (D'Ambrosio & Ascher, 1994, p42): 

Ubiratan: We shouldn't try to define ethnomathematics - or mathematics. [Our use of the word 
mathematics] recalls man's efforts to transcend his [sic] existence through explaining and 
understanding what is going on, looking for new ways of coping with what reality is imposing on 
him, but at the same time going a step beyond the mere solution of the problem. This can restore 
to the mathematics in every cultural system - that is, to ethnomathematics - its breadth: it goes 
beyond the solution of the problem, it restores the higher dimension of an intellectual exercise. 

It is not surprising that writers will be emphasising different aspects of the mathematical 

endeavour, and may be at odds with each other. 

Linguistic Confusion 

A confusion which arises out of the variation in referent is the way in which the word 

ethnomathematics is used linguistically. As a noun, ethnomathematics is sometimes the title 

of an academic field, sometimes it is an externally defined category of cultural practice, and 

sometimes it is a particular way of behaving which is adopted by an individual. 

For example: 

• as the name of the activity of studying itself: "Ethnomathematics [is] the field of research 

that tries to study mathematics ... in its ... relationship to the whole of cultural and social 

life" (Gerdes, 1994, p20); 

• as the subject of study: "we will call ethnomathematics the mathematics which is 

practised among identifiable cultural groups" (D'Ambrosio, 1985c, p45); 

• as a way of behaving: "[Students] should have the opportunity to see the relevance of 

mathematics to their own lives and to their community, to research their own 

ethnomathematics" (Zaslavsky, 1994, p6). 

Others use the term in its adjectival form 'ethnomathematical' in such a way that it does not 

imply a noun form from which the adjective is derived, but which indicates general 

associations with mathematics and culture. For example Zaslavsky (1994, p6-7) discusses an 
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"ethnomathematical perspective on the mathematics curriculum". This use makes it a 

synonym for multicultural. 

Summary 

The problems with establishing a discourse about culture and mathematics have two sources. 

On the one hand the idea of a cultural component to mathematics is antithetical to long-held 

attitudes about the subject. On the other, the present literature on ethnomathematics contains 

confusions in its philosophy, in what ethnomathematics refers to, and in the way key terms 

are used. 

This thesis must both address these confusions, and also argue against or around established 

beliefs about mathematics. 
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0.3 The Thesis 

The thesis of this work is that there is a sense in which it is meaningful to discuss 

mathematics as a cultural construct, and that research based on such a view of mathematical 

ideas is productive both for mathematics itself and for mathematics education. The thesis is 

elaborated by producing a definition for the term 'ethnomathematics', and showing how the 

field it defines makes sense of culturally-based mathematical ideas. 

This work examines the literature of culture and mathematics using a particular framework 

for analysis. To this is added a discussion of the associated topics of the anthropology and 

sociology of mathematics (and of mathematics education), and an examination of the 

philosophy of mathematics. Hence a definition of ethnomathematics is proposed, discussed, 

and then used to characterise the components of existing ethnomathematical work. This 

definition is then tested against four case studies. Finally, the implications for research in 

mathematics and its pedagogy are examined. 

Reviewing the Literature 

Given the multi-dimensional confusion described above, how can sense be made of the 

literature, and how can progress be made? The answer lies, not in trying to identify each point 

of confusion and resolving it, but by creating a framework whereby the differing views can be 

seen in relation to one other. Then readers can see which particular confusions are important 

to them, and, possibly, solutions can be sought from the framework. 

In the first section, two frameworks are presented for re-viewing. One framework is based on 

the intentions of the writers when approaching mathematics and culture, the other framework 

is based on the personal background of each writer. Ethnomathematics concerns the way in 

which mathematical ideas are constructed within the cultures from which they emanate. It is 

appropriate, therefore, that a personal perspective is also applied to the literature surrounding 

it. ('Personal' is used here - and in what follows - in a general sense, meaning 'subject to the 

perspective of those involved', i.e. writers, researchers, academic group, etc. It does not mean 

personal in the first person sense of 'me, the author of this thesis'). 

These two frameworks enable us to see that the areas of contiguity between authors generally 

exist where the intentions and backgrounds of the writers are similar, and that the diversity 

exists where the intent and suppositions of the writings are different. This exposes some of 

the apparent contradictions as just differing points of view, and highlights those aspects of 

ethnomathematics which need clarification. 
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Related Issues 

Anthropology, History & Sociology 

In order to place ethnomathematics within a context of the other social sciences, to identify 

overlap and origins of the subject, and to distinguish it as a separate field of inquiry, it is 

necessary to consider those pieces of work which are regarded as the anthropology, history 

and sociology of mathematics. 

The anthropology and sociology of mathematics are relatively new fields. Historical studies 

of mathematics have, from time to time, taken account of social conditions which have 

contributed to the development of the subject. But only recently (Fang & Takayama, 1975; 

Restivo, 1992; Restivo et al, 1993) has a start been made towards a coherent account. 

A framework is constructed which places these fields in relation to each other, and to 

mathematics. From this, ethnomathematics is seen to be closest to the anthropology of 

mathematics. The contemporary direction of that field is towards regarding mathematics as a 

culturally integrated way of knowing, rather than as a collection of quantitative and relational 

practices. The origins of ethnomathematics can be found in the historical and sociological 

applications of such work. 

Politics 

Mathematics affects the society we live in, and there are political aspects to this relationship. 

In particular, any change to the status, values or legitimation of mathematics will have 

political consequences within a mathematical society in the sense that it will change the 

power relationships within that society. Critical theorists say that knowledge is related to 

group or personal interests, and they thus emphasise the interests which are served by 

mathematics. For example Mellin-Olsen's work (1987) analyses these power relationships in 

terms of a post-Freirian analysis, and illustrates the consequences of particular programmes in 

mathematics education. 

The political relationships between mathematics and culture are investigated at three levels: 

a) the power relationships in the school or classroom, for example the relationship between 

the learner and teacher; 

b) the power relationships on a national level, for example the process of curriculum design 

and designation; and 

c) the power relationships on an international level, for example the effect of mathematics 

curricula exported without change to under-developed countries. 
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These political relationships are important when considering the mechanisms of interaction 

between different mathematical ideas. These mechanisms need to be considered when 

describing mathematics in cultural terms. 

Philosophy & Mathematics 

The philosophy of Western mathematics has grown in many directions since Greek times 

when the practice of mathematics and philosophical investigation were part of the same 

activity. The issue which is most relevant to work on mathematics and culture is that of the 

universality of mathematical ideas and mathematical objects. Greek Platonism continues to be 

challenged, restated and modified, but elements remain firmly part of a mathematician's 

modus operandi (Davis & Hersch, 1981, p321): 

Most writers on the subject seem to agree that the typical working mathematician is a Platonist on 
weekdays and a formalist on Sundays. That is, when he is doing mathematics he is dealing with 
an objective reality whose properties he is attempting to determine. But then, when challenged to 
give a philosophical account of this reality, he finds it easiest to pretend that he does not believe in 
it after all. 

Bachelard was one of the earliest philosophers to consider science and mathematics as a 

development, not just of knowledge building on itself, but of the idea of what is to count as 

scientific knowledge or mathematical truth. He believed in progress to an ever more refined 

concept of objectivity in mathematics, as opposed to a search for truths which met some 

absolute standard of objectivity. 

Lakatos', in adapting a Popperian scientific epistemology to mathematics, focussed on the 

way in which mathematical proofs generated new mathematics by providing conjectures and 

the means to refute propositions. Like Bachelard, this involved rejecting a standard of 

perfection, and thereby devaluing axiomatised mathematics as destructive of creative thought. 

These considerations led to the rise of quasi-empiricism in mathematics (Tymoczko, 1993), 

and contributed to a debate about whether mathematics fitted the Kuhnian model of periods 

of development within a particular paradigm, followed by construction of a new paradigm 

(Gillies, 1992a). 

This line of philosophical development throws up challenges to conceptions of mathematics 

and culture. For example, do all cultures go through similar stages of development in their 

meta-mathematical understanding? If proofs are stimuli for the creation of new propositions, 

does that mean that there are diverging paths for the development of mathematics which 

might be taken by different cultures? If different cultures are operating in different paradigms, 

how are they to be compared or reconciled? These questions are discussed in Section 3.2. 
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Wittgenstein shifted the debate in the philosophy of mathematics to examine the logical and 

grammatical foundations of the way in which we talk about mathematics. He arrives at an 

account which has proofs as statements of the way mathematical propositions may be used, 

and which has conjectures as statements which are searching for meaning (Shanker, 1987). 

From the idea that mathematical concepts exist in the act of communication within a distinct 

community, the beginnings of a philosophical basis for the cultural nature of mathematics is 

developed. Traditional debates in the philosophy of mathematics are circumvented rather than 

resolved. 

A description of mathematics itself is critical to any definition of ethnomathematics because 

it is an assumed common reference. However it is even more important because mathematics 

is in a dynamic relation to ethnomathematics: each will be changed as aspects of the other 

develop and become legitimated. Section 3.4 considers some aspects of mathematics in the 

light of the philosophical direction being taken. 

A Definition for Ethnomathematics 

In the literature analysis, those aspects of ethnomathematics needing clarification are 

identified, and in the discussion of the associated fields of inquiry the restrictions on any 

description of ethnomathematics is made explicit. Out of these, a definition for 

ethnomathematics is proposed in Section 4.1. 

The elaboration addresses the definition of necessary terms, the philosophical issues, and the 

dynamic relationship between ethnomathematics and mathematics. The definition is used to 

categorise ethnomathematical work according to three dimensions, and to characterise the 

processes involved. 

If the ideas of mathematics have a cultural basis, then it is important to explain how that 

subject has come to be seen as acultural and universal. This involves a theory of the 

mechanisms of interaction between different mathematical ideas. Such a theory is developed 

based on mathematical and sociological justifications for the opposing tendencies to 

universalise and to isolate new concepts. 

Illustrative Examples 

The characterisation of the previous section must show ethnomathematics to be a useful tool 

with which to examine examples of mathematics. It is tested in detail against four examples 

which, between them, illustrate each of the dimensions of ethnomathematics: contemporary 

basket weaving, ancient navigation practices, the statistics of a modern day leisure culture, 

and the history of differential calculus. 
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In each of these examples various aspects of ethnomathematical activity are detailed, and 

their contribution towards furthering our understanding of culture and of mathematics is 

shown. 

Research Implications 

The developed view of ethnomathematics, and the implied relationship between mathematics 

and culture, has research implications both for mathematics and for mathematics education. 

Mathematics 

Ethnomathematics implies that it is possible that different conceptions of mathematics may 

coexist within that academic discipline. As mathematics develops, different mathematical 

concepts will be formed: these concepts are not inevitable developments but may represent 

one of many possible lines of development. The reason a particular concept gains dominance 

may be socio-cultural rather than mathematical. If mathematics is conceived in this way then 

mathematical research is more free to pursue divergent paths. 

Ethnomathematics also raises the question as to whether new mathematics can be found 

within the analytical structures of other cultures, i.e. cultures which are not usually associated 

with mathematics? This question refers to new content, new problems and to new methods. It 

is suggested that, by regarding mathematics as a way of knowing, investigating unfamiliar 

ways of knowing may produce new mathematics. 

The research programmes of D'Ambrosio (1992) and Gerdes (1994a) illustrate how 

mathematical research can proceed in this way. 

Mathematics Education 

Within mathematics education ethnomathematics raises a host of research questions. Bishop 

(1994) is one of those who have begun to detail a research agenda. His framework generates 

three categories of research corresponding to three levels of curriculum: the intended 

curriculum (what we wish to teach); the implemented curriculum (what we actually teach); 

and the attained curriculum (what is learned by students). Cultural considerations impinge at 

each level. 

A further category of questions in education concerns the way in which mathematics is part of 

education in general and its relationship to other parts of the curriculum - this might be called 

the implicit curriculum. Mellin-Olsen (1985b) has outlined programmes in this area. 

Improving mathematics education was the original motivation for ethnomathematical 

research. Thus, this final section investigates in what ways educational objectives are realised 
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by the description of ethnomathematics which has been presented. Some problems for 

education are described - for example the question of whether indigenous groups will be 

disadvantaged technologically if they experience an ethnomathematical curriculum, or the 

extent to which cultural components in a general mathematics curriculum represent the 

appropriation of cultural capital. Ethnomathematics presents challenges within mathematics 

education by showing that there are choices to be made between competing mathematics'. It 

also shows how cultural conflict can be a tool, not a problem, in mathematics teaching and 

learning. 
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0.4 Context 

Theoretical Research 

It is appropriate, in a theoretical thesis, to address the issue of research. What is the nature of 

mathematics education research, and how does this thesis contribute to it? 

Bishop (1992), in discussing international research on mathematics education, describes three 

traditions within mathematics education research: the pedagogue tradition (with the aim of a 

direct improvement of teaching); the empirical tradition (with the aim of explaining 

educational reality); and the scholastic tradition (with the aim of establishing a rigorously 

argued theoretical position). This work fits the last of these. 

He further identifies three essential components of research. They are: 

• inquiry: research must be intentional inquiry; 

• evidence: evidence samples the reality on which the theory is focused; 

• theory: theorising is the essential goal. 

Thus the ultimate aim of research can be described as the posing of more informed questions. 

This means the development of a theoretical framework, rather than answering specific 

questions. Specific questions may be answered (subject to certain conditions), but it is the 

improved understanding of the context of posing the question which is the main aim. 

Theoretical research such as this thesis begins with theory, from which an idea is generated. 

The next step is analysis and use of the idea, which is then evaluated. The evaluation will lead 

to development in the theory. 

In this work the theory comes from the philosophy and anthropology of mathematics and 

from mathematics education. The idea is that mathematical ideas are culturally constructed. 

The analysis involves examining the origins of, and interactions between, mathematical ideas, 

attempting an explanation of their construction and legitimation, and describing their 

existence within society (particularly within education). The evaluation is done by assessing 

the adequacy of this description against the realities of the practice of mathematics. 

Reconsidered theory provides new ways of discussing mathematics and mathematical ideas, 

and will guide educational practice. 

Mathematics Education 

This thesis is located within mathematics education, a field which has a relatively short 

history, and which draws on a wide range of other disciplines. Its main function is to analyse 

the contributions and perspectives of these other disciplines for the understanding of 
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mathematical practices and knowledge systems. Mathematics education is also developing its 

own methodologies and practices. 

Thus this thesis is not research in mathematics, in education, in philosophy, in sociology, in 

anthropology, in politics, nor in history. It is a cross-disciplinary formulation of a theoretical 

perspective on the relations between mathematics and culture. 

The resulting framework will not reflect the totality of current theory in any of the 

contributory disciplines. It will, however, draw eclectically from each field, and mirror their 

contemporary directions. 

Ultimately the test of this work is whether it contributes to mathematics education as a useful 

tool for understanding and using the relationship between culture and mathematics. 

Circularity 

The subject of this work is ethnomathematics, and, in particular, the way in which writing 

about ethnomathematics defines and legitimates the field. But this work is itself about 

ethnomathematics, and thus refers to itself. Hofstadter's Gödel, Escher, Bach notwithstanding 

(Hofstadter, 1979), self-reference does not need to be problematic, and the self-reference 

involved here means only that the work is legitimately subject to the same kind of analysis as 

other work. Bloor (1976, p7) describes this as the reflexivity principle: the patterns of 

explanation must be applicable to the theory or knowledge created by this work. In particular 

it is acknowledged that the author's personal history and intentions in writing are relevant to 

an evaluation of the work. 

It is acknowledged, therefore, that this work acts as a Wittgensteinian language-game with 

respect to ethnomathematics. Criticisms and developments of this point of view are not only 

assumed, but are welcomed as a justification of the importance of its subject-matter. 
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1 Culture and Mathematics 

This Chapter is a survey of the field of culture and mathematics. It documents the literature 

taking account of the social and historical forces which have contributed to the rise of cultural 

considerations within mathematics. This emphasis on the social circumstances of different 

writers exposes the basic problem to be addressed in this thesis, namely that a literature on 

culture and mathematics (i.e. on ethnomathematics) has developed without agreement on the 

meanings of words, and without agreement on a philosophical base. 

The development of literature on ethnomathematics has been primarily educationally driven, 

due to imperatives arising from cultural renaissance and Freirian critical education theory. 

The field has therefore become isolated from mathematicians and mainstream mathematical 

thought. The task now is to create a mutually acceptable language of communication between 

ethnomathematicians and mainstream mathematicians. In particular, it is necessary to develop 

an acknowledged meaning for 'ethnomathematics'. 

The confusion described in the Introduction requires a framework for analysis which will 

allow fundamental difficulties to be identified, and minor ones to be placed in perspective. 

The aim is to place differing views within a framework so that their differences can be seen in 

relation to each other. The framework may then provide guidelines on where a resolution may 

be sought for the basic contradictions. 

Two frameworks are presented in this chapter. One framework is based on the intentions of 

the writers when approaching mathematics. An initial distinction is made between writing 

which is primarily about mathematics and that which mainly concerns mathematics 

education. The resulting map locates writing with respect to society, education and 

mathematics. 

The second framework is more personal. It is premised on the idea that the social, educational 

and philosophical background of the author affects their writing in fundamental ways. As 

well as the explicit acknowledgment to this or that theoretical position, there are, in the way 

we use words and conceptualise knowledge, legacies from personal backgrounds. This is 

particularly true of knowledge about social relations, as exemplified in concepts of education 

and cultural practices. 

The two frameworks, when applied to writing about mathematics and culture, enable us to see 

that the areas of contiguity between authors exist where the intentions and backgrounds of the 

writers are similar, and that the diversity exists where the writings are differently motivated. 

For example, those writing from a Freirian perspective are in general agreement and use 

similar concepts when they write about the effect of mathematics education on society, but 
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may be in fundamental disagreement when referring to the nature of mathematics. While this 

is not a surprising idea, it is one which is easily overlooked. When terms like 'education', 

'academic', and 'culture' are used in similar ways, the reader can wrongly assume that the 

meaning of the term 'mathematics' will also be shared. In this way the writers may see 

themselves in contradiction with each other. For example (Gerdes, 1988b, p3; Mellin-Olsen, 

1986, p108; Abraham & Bibby, 1988, p4): 

world-mathematics ... defined as the union of all 'ethno-mathematics' 

Gerdes has no doubt: ... ethnomathematics is mathematics ... there need not be any formal 
descriptions, nor any written messages. ... I have been influenced by those who ask for 
mathematics knowledge as social knowledge, i.e. shared knowledge or objectified knowledge. 

Unlike Gerdes, we do not want to define mathematics as ethnomathematics but neither do we wish 
to define it as academic mathematics. Mathematics is more than either of these. 

An extended discussion of the idea that words are assumed to have common meanings can be 

found in Orton (1988). 

The result of the analysis using these two frameworks is to show that some contradictions are 

just differing viewpoints, and to focus on those aspects of ethnomathematics which need 

clarification if the field is to develop. Three fundamental issues are identified: one concerns 

the referent of the term ethnomathematics; a second is about the relationship between 

ethnomathematics and mathematics; and the third is about the implications for mathematics 

education. 
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1.1 A Framework for Analysis 

An aim of reviewing a body of literature is to restate the positions of other writers in such a 

way that they can be more clearly understood in relation to each other. Specifically, a 

framework for the analysis of ethnomathematics should: 

• make more explicit the positions of each writer; 

• provide better understanding of statements from the point of view of the person who wrote 

them; 

• compare different writings; 

• state the relationship between different writings; 

• identify when positions are essentially the same; 

• elucidate conflicts between writings; 

• analyse the sources of conflict; 

• provide steps towards resolution of conflicts;  

• produce new ideas about ethnomathematics; and  

• show where further contributions to the field would be useful. 

Two frameworks are provided here: the Map of Intentional Context (the Intentional Map), and 

the Map of Individual Context (the Individual Map). The latter map is not individual in the 

sense that it is different for each writer. On the contrary, the map is the same, but it enables us 

to view the social and historical context within which each writer works. The Map of 

Intentional Context is about the writing, whereas the Map of Individual Context is about the 

writers. 

It is recognised that most writers are active in more than one field, and that locating them on 

these maps will involve some simplification. Moreover, neither of these maps are definitive, 

but each map can be evaluated on how well it enables the relations between writings to be 

clarified. 

A Map of Intentional Context 

This framework relates to the intended object of the writing itself. The relationship between 

culture and mathematics is written about in several contexts, and it is touched upon by writers 

whose main aim is to write about other ideas (e.g. the psychology of mathematics, or the 

politics of mathematics curriculum). The diverse purposes for analysing mathematics in terms 

of culture accounts for part of the confusion within this field.  

Most of the writing about culture and mathematics along the paths initiated by D'Ambrosio 

(1984) is aimed at developing programmes of mathematics education. Thus the first 
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distinction which must be made is between writing which deals with mathematics itself, and 

writing which addresses the issue of mathematics education. 

Culture and Mathematics 

Within the literature about culture and mathematics, four general areas can be identified. In 

what follows, some key examples are cited in each area to justify the inclusion of that area on 

the map. 

The Philosophy of Mathematics 

An argument for the cultural nature of mathematics was first elaborated by Spengler in 1917 

(Spengler, 1956). His idea that each culture had its own mathematic (hence 'mathematics' is 

plural) was ignored in his time. Bloor (1976) follows through this argument by examining 

what an alternative mathematics would look like as part of his sociological theory of 

knowledge. Wilder (1981) also presents a philosophical argument for the idea that 

(Smorynski, 1983, p9): 

Mathematics is a cultural system. Mathematical knowledge is cultural tradition and mathematical 
activity is social in character. One can study mathematicians and so mathematics by social 
scientific methods. There are, for example, universal laws governing cultural systems and these 
can be applied to the mathematical cultural system as well. 

Others writing about the nature of mathematics (see Barrow, 1992; Hofstadter, 1981; and 

Penrose, 1989) are part of this debate because they defend acultural, or pan-cultural, 

mathematics. 

As well as those writing directly about mathematics, general philosophers have often 

discussed mathematical knowledge. It is possible to read Realist/Anti-realist arguments with 

cultural understanding rather than cognitive understanding as the focus of attention. For 

example Wright (1980, p67), interpreting Wittgenstein says: 

... [Wittgenstein] gravitates ... towards suggesting the possibility of procedures alternative to ours; 
he is hospitable towards the idea that people might measure, count, infer and calculate differently. 

Lakatos (1978) introduced the idea of the fallibility of mathematical knowledge and prompted 

an new era of empiricism (Tymoczko, 1986). The dialogue between Ernest (1994) and Zheng 

(1994) in the Philosophy of Mathematics Newsletter is a good example of the current debate. 

Ernest argues that the philosophy of mathematics has broadened from the topic now regarded 

as the Foundations of Mathematics, and should include (Ernest, 1994, p6): 

• epistemology (the nature, genesis and justification of mathematical knowledge, proof); 
• ontology (the nature and origins of mathematical objects and relations with language); 
• mathematical theories (constructive and structural, their nature, development, and appraisal); 
• the applications of mathematics (and relations with other areas of knowledge and values); 
• mathematical practice and methodology; 
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• the learning of mathematics (and its role in knowledge-transmission and creativity). 

Thus (Ernest, 1994, p6): 

the establishment of mathematical knowledge as fallible and quasi-empirical means that 
mathematics is not hermetically sealed-off and separable from other areas of human knowledge 
and activity (and values). This means that in mathematics (as in science and other areas of human 
knowledge), the contexts of discovery and justification interpenetrate. Consequently social and 
cultural (and ethical) issues cannot legitimately be denied an impact on mathematics ... [but] must 
instead be admitted as playing an essential and constitutive role in the nature of mathematical 
knowledge. 

More generally, the questions being addressed in this area of writing are the following. What 

is the nature of mathematics? Can mathematics differ between cultures? How do we 

understand mathematical knowledge? How is it possible that different cultures understand it 

differently? These questions in the philosophy of mathematics are considered in Chapter 3. 

Cultural Mathematics 

Another area of writing concerns the nature of mathematical thought and mathematical 

practice in various cultures. Two early and well-known works in this area are Gay and Cole's 

investigation into the logic of the Kpelle in Liberia and how that impinges on their 

understanding of school mathematics (Gay & Cole, 1967), and Zaslavsky's collection of 

mathematical practices in Africa (Zaslavsky, 1973). 

Harris' (1991) and Cooke's (1990) Australian studies reflect the two perspectives which may 

be adopted in studies on the mathematics of different cultures. Harris' investigation of 

Aboriginal perspectives on space, time and money, comes from her experiences as a teacher 

in central Australia and is written for teachers of Aboriginal children. It thus takes 

mathematics as the starting-point and asks how the Aboriginal culture addresses each of these 

concepts. Cooke, on the other hand, takes as a starting-point the Yolngu culture (the 

Aborigines in North East Arnhemland of Australia), and asks what aspects of this culture 

might be described as mathematical. The main example of a patterned system described is 

that of kinship relations, a topic not usually included in mathematics. 

Examples from another continent are the writings of Closs (1986), Morales (1993), and 

Pinxten et al (1987) concerning the mathematics of the indigenous people of North America. 

'Culture' in this writing is broadly defined and includes social groups. Vithal (1992, p27) lists 

studies on the mathematics of dairy workers, bookies, construction foremen, fishermen, 

farmers, child street vendors, candy sellers, shoppers. Recent studies include carpenters 

(Millroy, 1992) and cooks (McMurchy-Pilkington, 1994). 
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Also included in this corpus is anthropological work which can be regarded as mathematical, 

for example Kyselka (1987), Gladwin (1970), Irwin (1989) and Thomas (1987) on Pacific 

navigation. The issue of whether Pacific navigation is a mathematical system is discussed 

only briefly, if at all, in these texts. However it has been argued in the affirmative by Turnbull 

(1991), making all those texts mathematical in some sense. 

Another example of mathematical/anthropological work is the study by Ascher and Ascher 

(1981) on Inca quipu. The origins of this work, and the relationships between anthropology 

and mathematics are discussed by Marcia Ascher (D'Ambrosio & Ascher, 1994, p36): 

... first there was the question: Was there something mathematical in [the quipus]? ... with artefacts 
one can only deal with structure ... such as internal logic, consistencies and relationships, rather 
than with meaning. As the work went on, I began to "read" from these artefacts. An important 
aspect of the work was that I didn't start with knowledge of the Incas - I tried to work only with 
the artefacts. But then, from Bob [Ascher]'s knowledge of the culture, we were constantly amazed 
that the structural characteristics I was coming up with had resonance in other parts of the culture. 

These studies are referred to as cultural mathematics, and the questions being addressed 

include: What are the mathematical conceptions of other cultures? How are mathematical 

ideas expressed in various cultures? Much of the writing has linguistic connections and the 

Whorf hypothesis (that language determines thought) is relevant in a direct way. Counting, 

for example, is differentiated linguistically: various language groups have different linguistic 

structures for counting and ordering (Lean, 1995). Does this herald a different conception of 

number, or is it just a different means of expressing the same number idea? Do all number 

manifestations allow for the same development into the continuum, or into infinity? 

Social Anthropology of Mathematics 

A third area of writing in culture and mathematics concerns the social evolution of 

mathematics. Notable examples are Bronowski (1973), Fang & Takayama (1975), Swetz 

(1987), Joseph (1991), Restivo (1992), and Restivo et al (1993). Bloor (1976) can also be read 

in this category. 

Bronowski (1973, pp13-14) addresses the mutual relationships between scientific (including 

mathematical) and social development: 

[Knowledge] in general and science in particular does not consist of abstract but of man-made 
[sic] ideas, all the way from its beginnings to its modern and idiosyncratic models. Therefore the 
underlying concepts that unlock nature must be shown to arise early and in the simplest cultures of 
man from his basic and specific faculties. And the development of science which joins them in 
more and more complex conjunctions must be seen to be equally human: discoveries are made by 
men, not merely by minds, so that they are alive and charged with individuality. 

Fang & Takayama in their Prolegomenon (1975) identify, for example, the relationship 

between Greek mathematics and the dialectic of the Greek forum. Swetz and Joseph consider 

particular cases: Swetz (1987) that of the links between mathematics and the rise of 
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capitalism in 16th Century Italy, and Joseph (1991) between Eastern mathematical traditions 

and their link with their originating societies. Restivo is a sociologist with an interest in 

mathematics, and his book (1992) delineates the field of the sociology of mathematics and 

discusses its methods (Restivo, 1992, ix-x): 

We can talk about mathematics using terms such as "social power", "social structure", "social 
class", "culture", and "values". Whereas "technical talk" isolates mathematics from other social 
practices, ... "social talk" links mathematics to other social practices ...  
In order to engage in social talk about mathematics, we must study the social worlds in which 
mathematicians "look, name, listen, and make" ... [The] concept of "math worlds" draws us into a 
network of cooperating and conflicting human beings. Mathematical objects embody math worlds. 
They are produced in and by math worlds. That is, we could say that math worlds, not individual 
mathematicians, manufacture mathematics. ... 
It is necessary to get used to "social talk" as opposed to "technical talk" [i.e. philosophical talk - 
my interpretation] about mathematics before a more systematic theoretical treatment of 
mathematics as a social product and social construct can be undertaken. At this stage, a story that 
mixes historical details and sociological theory without being clearly history or theory is an 
appropriate reflection of what we have achieved in the historical sociology of mathematics. 

Berrgren (1990) deals with more specific details of the development of mathematics within 

society. He discusses the nature of proof by analysing the medieval Islamic practice of 

mathematics. 

The growing literature on mathematical change could be classified in the section on the 

philosophy of mathematics, but its crucial concepts (e.g. rationality and objectivity) are 

central to knowledge in general, and are linked to social change. The writing can be traced 

back to Bachelard (Smith, 1982; Tiles, 1984) and has developed through Lakatos (1978) to 

the current debate concerning whether mathematical change is revolutionary in a Kuhnian 

sense (Gillies, 1992a). 

The intention of all these writers is to show how mathematics has a cultural history which has 

affected the nature of the subject itself, i.e. they are addressing the question: how does society 

affect mathematics? Part of this task is to illustrate the mechanisms and to provide examples 

of how our present perceptions have arisen from past events. In this it draws on the history of 

mathematics as well as on sociological theory. 

The Politics of Mathematics 

The fourth area in the literature debates the politics of mathematics as a cultural issue. Bishop 

(1990) and Fasheh (1991) provide perhaps the most political of such statements to date. 

Bishop's book on Mathematical Enculturation (1988) elaborates the premise that mathematics 

itself is a culture, and that learning mathematics involves an enculturation process. In his later 

(1990) article, he describes in detail the values associated with the culture of mathematics, 

and explains how these values have been part of the colonial exploitation of the world by 

Western European society. Mathematics has shaped Western values, and therefore makes an 
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ideal vehicle for the spread and acceptance of Western values. Fasheh, building on personal 

experience of learning Western mathematics in a Palestinian context, writes about the cultural 

hegemony of mathematics within education. 

This body of writing includes two well-known works: Kline's Mathematics in Western 

Culture (1953), and Davis and Hersch's Descartes' Dream (1986). Both examine the 

relationship between culture and mathematics with the thesis that mathematics has had 

considerable influence on our thinking (Kline, 1953, p15): 

The object of this book is to advance the thesis that mathematics has been a major cultural force in 
Western civilization. ... [Mathematics] has determined the direction and content of much 
philosophic thought, has destroyed and rebuilt religious doctrines, has supplied substance to 
economic and political theories, has fashioned major painting, musical, architectural, and literary 
styles, [and] has fathered our logic ... . 

And (Davis & Hersch, 1986, xi-xii): 

We are concerned with the impact mathematics makes when it is applied to the world that lies 
outside mathematics itself; when it is used in relation to the world of nature or of human activities. 
... This activity has now become so extensive that we speak of the "mathematization of the world." 
We want to know the conditions of civilization that bring it about. We want to know when these 
applications are effective, when they are ineffective, when beneficial, dangerous, or irrelevant. We 
want to know how they constrain our lives, how they transform our perception of reality. ...  

An example of new work being done in the area is linguistic archaeology after the fashion of 

Foucault. For example Ocean (1994) examines the way that notions of rationality and 

normality have been developed from their original mathematical roots and transformed into 

important concepts in contemporary Western society - concepts which are partly responsible 

for the low participation of women and lower classes in mathematico-scientific activity. 

The intention of these writings is to examine the following questions. In what ways has 

mathematics affected other aspects of our society? How has mathematics changed peoples' 

conceptions and values? Does this differ for different cultures? Has mathematics contributed 

to the differentiation of cultures? 

Without wishing to suggest that these four areas are completely distinct from each other, or 

that all literature about mathematics and culture can necessarily be put easily into these 

categories, it is possible to draw a diagram representing these areas in relation to mathematics 

and society (see fig 2). 
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fig 2: The Areas of Writing on Mathematics and Culture 

 9  



  Culture & Mathematics 

Culture and Mathematics Education 

Another section of the literature concerns culture and mathematics education. It can also be 

categorised into four areas, and again examples are cited to justify each category. 

The Cultural Mathematics Curriculum 

Paralleling the area of Cultural Mathematics is the area of Cultural Mathematics Curriculum. 

This writing has, as a premise, that mathematics education will be more effective if the 

curriculum reflects culturally specific contexts in its content. 

In recent years a number of publications have been produced for schools which present 

mathematical content within a cultural context (e.g. Barton, 1985; Gilmer et al, 1992; Irons & 

Burnett, 1994; Mackenzie, 1989; Mathematics Office, 1984; Nelson et al, 1993; Zaslavsky, 

1993). This culturalisation of mathematics for education has occurred on two fronts: within 

developed societies in response to liberal perspectives on multicultural issues, and within 

minority indigenous groups or developing cultures in response to indigenous emancipation. 

Each of these developments has its own problems. In the case of the multiculturalisation of 

developed societies it has been suggested that the cultural capital of minority groups is being 

appropriated for the benefit of the education of the advantaged (Smith, 1986). In the case of 

indigenous educational initiatives there is a danger of restricting students' access to 

technological mathematics which carries power and is a pre-requisite for access into areas of 

modern society (Abraham & Bibby, 1988). These issues are discussed in Section 6.2. 

The Social-Anthropology of Mathematics Education 

Mathematics education practice is also culturally differentiated, and this gives rise to the 

second area in the literature, the social anthropology dimension. The writing explores the idea 

that different language, thought processes, values and educational traditions of cultural 

groups, result in different mathematics education. Comparative studies in America are 

documenting the differences between Asian and American mathematics education (see Stigler 

& Baranes, 1988; Stigler et al, 1990). The mathematics studies within the International 

Education Achievement project have recently begun to investigate curriculum practice, not 

just achievement on multi-choice questions (Caygill & Chamberlain, 1993). 

In this area we may include the extensive literature on situated cognition (see Dowling, 1991; 

Lave, 1988; Nunes, 1992; and Saxe, 1990), mathematics and language, and bilingualism (e.g. 

Cocking & Mestre, 1988; Secada, 1992; Stephens et al, 1994). 

One basic question is addressed by these bodies of literature. How is mathematics education 

determined by culture? 
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Politics of Mathematics Education 

The third area, which parallels the Politics of Mathematics, is the Politics of Mathematics 

Education. This literature examines how mathematics education affects society, for example 

the way it supports particular political systems. An example is Gerdes' analysis of 

revolutionary mathematics education in Mozambique (Gerdes, 1981, 1985). 

Another collection of writing in this area is the critical mathematics literature and its 

developments. Frankenstein (1983) examines the application of Freirian epistemology for 

mathematics education, arguing that mathematical literacy in the sense of Freirian 'literacy' is 

"vital in the struggle for liberatory social change in our advanced technological society". With 

Powell, she develops pedagogical approaches which support such structured change in US 

society (Frankenstein & Powell, 1989; Frankenstein, 1989). Abraham & Bibby (1988) discuss 

the aims of a 'Mathematics & Society' curriculum, arguing for a public-educator role for any 

mathematics education development. Mellin-Olsen (1987) attempts to argue beyond Freirian 

theory, finding confusion between concepts of 'action' and 'cultural circles'. He develops the 

idea of cultural mathematics as a basis for practice ('action') which transforms society. 

The Mathematical Politics of Curriculum 

The fourth area involving mathematics education and culture examines the relationship 

between mathematics education and mathematics itself. For example, Borba (1990) develops 

a philosophical approach to mathematics into a position for mathematics within education, 

suggesting how it should be practised. Another example is Pompeu's (1992) addition of 

mathematics as a cultural phenomenon to Howson's (1983) list of theoretical approaches to 

curriculum development. 

Also relevant to this theme is the work on street maths versus school maths initiated by 

Carraher, Carraher and Schliemann (1985) in South America (see also Abreu & Carraher, 

1989; Saxe, 1988; Knijnik, 1993). Mtetwa (1991) is in the same mode in his writing about 

Zimbabwe. This work looks at the mathematical practices of cultural groups and how they 

compare, or are affected by, mathematics education. 
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The Map 

The areas within mathematics education and culture may be added to the previous diagram to 

create the map of Intentional Context: 

 

Politics of 
Mathematics

Sociology & 
Anthropology 

of Mathematics

Social Politics 
of Mathematics 

Curriculum

Sociology and 
Anthropology 

of Mathematics 
Education

SOCIETY

Cultural 
Curriculum

Cultural 
Mathematics

Philosophy 
of 

Mathematics

 

fig 3: The Map of Intentional Context 
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A Map of Individual Context 

The previous map relates to the intention behind each piece of writing, but it is also necessary 

to understand where the ideas originate in order to appreciate their depth, their assumptions 

and their acknowledgment of other ideas. One way to do this is to examine the context of the 

writers, i.e. their individual backgrounds. These backgrounds affect what they are writing, and 

the way in which they write. 

Despite the high level of international communication through e-mail, journals and 

conferences like the International Congress on Mathematics Education (ICME), Psychology 

of Mathematics Education (PME) and International Congress of Mathematicians (ICM), 

every mathematics educator is situated within an individual and complex context of beliefs, 

social organisation, and personal situation. This individual context impinges upon their 

academic writing because it determines their unconscious assumptions and it defines the 

meaning they give to key terms. Sometimes (when an individual context is known by others) 

it labels the writer into a predetermined category (e.g. 'critical theorist' or 'constructivist') 

which carries a host of assumptions and positions, many of which may not apply to that 

writer. 

The second framework depicts writers' backgrounds. The components of interest are those 

which may affect the writing, and which will elucidate conflicts between writers. This 

framework distinguishes three main dimensions: the socio-political environment, the 

philosophical orientation, and the educational paradigm. It is recognised that these three 

categories overlap, and that they may not be exhaustive of all aspects of an individual's 

environment. They are, however, sufficient for the present study. The Map of Individual 

Context is drawn in fig 3. 

Each dimension has two aspects: the explicit, or conscious, aspect, i.e. that which is 

acknowledged by the writer in their work; and the implicit aspect. The implicit aspect is not 

necessarily unrecognised by the writer, but it is not acknowledged in their writing. 
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fig 4: The Map of Individual Context 
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The Socio-Political Environment 

This environment may be further categorised into the personal and the societal situations of 

the writer. In this map these two are supplemented by the vocational environment since most 

writers in this field are part of an academic institution which plays a significant part in their 

writing practice. 

Societal Environment 

The social situation may be overtly political. For example, Gerdes (1981, 1986, 1991b) and 

Frankenstein & Powell (1989) make explicit statements about their own political contexts as 

part of their academic motivation and inspiration (Gerdes, 1986, p16): 

During the ten years of liberation-war, the principles which now guide our society had been 
forged: the construction of a socialist society became the aim. The experience of the armed 
struggle taught us that education is not neutral; education has always a particular objective: one 
which expresses the interests of the dominant class. 

He goes on to argue that, for mathematics education, a) the mathematics curriculum must 

display the correct perspective; b) curriculum reform must be democratic; c) teachers must 

guarantee that all students are busy with meaningful mathematical activities; and d) it is 

important to improve the climate of mathematical learning. His subsequent writing is directed 

towards these ends. 

This category also includes characteristics such as the level of development of the resident 

country. Zaslavsky, discussing a mathematics curriculum, is writing in America with Eastern 

seaboard high schools in mind. She means something different from, say, Mtetwa who 

describes students in central Africa. Cultural values, for example those concerning the worth 

of education, are also part of this picture. 

Personal Environment 

The personal environment refers to characteristics like language and life experiences. Harris 

(personal communication, 1994) claims that her own early poor understanding of 

mathematics enabled her to better recognise Australian Aboriginal mathematical concepts 

because she was not 'programmed to think in Western [academic] mathematical terms'. 

Bishop's early research experiences in Papua-New Guinea have contributed to his continued 

interest in cultural issues in mathematics education (personal communication, 1995). 

Most literature on mathematics, education and culture is written in English, but also there is a 

considerable body from Brazil written in Portuguese, and some in French. Most work from 

Japan and China which is intended for dissemination is so far written in English, but interest 
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is growing and soon a Japanese and Chinese corpus will exist. There is much historical 

material of a cultural nature which is available only in the language of origin. Thus 

monolingual, English-speaking academics (who represent a large group) are restricted in their 

sources and the orientations accessible to them. 

The other aspect of the Personal Environment is contact with significant others. Marcia 

Ascher, for example, is married to an anthropologist and they collaborated on joint work on 

the quipu (Ascher & Ascher, 1981). Wilder (a mathematician) and White (an anthropologist) 

were friends as well as colleagues, and strongly influenced each other. (See details in the 

following sections). 

Vocational Environment 

The vocational environment refers to the work-place of the writer. For example they may be 

from a university writing for an academic audience in journals (e.g. Bishop); or they may be 

steeped in their own teaching practice and writing about the problems they are facing (e.g. 

Zaslavsky). 

The vocational environment also has national or cultural dimensions. Van Heile (1995) 

reflecting on fifty years in mathematics and mathematics education in Europe, clearly 

distinguished between attitudes and orientations of French, English and German 

mathematicians and the effects of the three education systems on the mathematics curriculum. 

The vocational background has a considerable impact on the educational paradigm within 

which the writer is working. 

The Educational Paradigm 

Three aspects of education are identified in which different stances are important for the way 

in which culture and mathematics are viewed. They are: the theoretical position of the role of 

education, the research paradigm, and the learning theory (or psychological) paradigm. 

Theoretical Position 

Pompeu (1992) describes a sixth theoretical approach to the mathematics curriculum to add to 

the five identified by Howson, Keitel and Kilpatrick (1981): Behaviourist; New-Maths; 

Structuralist; Formative; and Integrated-Teaching (see also Ernest, 1991, pp127ff). Pompeu's 

contribution is to describe the Cultural Approach, a theory based on a view of mathematics as 

a cultural phenomenon. This is an attempt to unify the main writers on culture and 

mathematics (he analyses Bishop, D'Ambrosio, Gerdes, Mellin-Olsen and Zaslavsky). 

However these writers also have differences in their theoretical orientation to education. 
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Many of those writing in the area of mathematics and culture have entered the field from a 

stance based on the critical pedagogy of Freire. Abraham & Bibby, D'Ambrosio, Fasheh, 

Frankenstein, Mellin-Olsen are all explicit about their links with this paradigm. For example 

(Abraham & Bibby, 1988, p6): 

For a Mathematics and Society curriculum [Freirian] conscientization is the crucial process by 
which the relationships between mathematics and society ... are related to the personal 
development/situation of the pupils or students. 

However even the writers using critical pedagogy differ in some aspects. For example Gerdes 

is based on the revolutionary writings of Samora Machel (Gerdes, 1986); and Mellin-Olsen 

regarded himself as extending Freire's theory into Activity theory (Mellin-Olsen, 1987, p206-

8): 

Freire ... restricts himself to the principle that knowledge becomes liberating when it "can be 
released from reifying social and political relationships". Activity theory would say that this is a 
necessary but not sufficient step towards Freire's goal of integration. The next step would be to 
initiate Activity. ... I would support political action in the nearest social environment of the 
individual. 

Ascher, Harris and Zaslavsky, on the other hand, are working within a Western conception of 

the role of mathematics within a developed nation. The theoretical orientation of their work is 

not stated explicitly, but can be seen in a liberal tradition. Their aim is to provide an equitable 

mathematics education which acknowledges cultural differences and uses them to enhance the 

education of all students. For example (Zaslavsky, 1991, p13): 

I have found that "bringing the world into the math class" does engage students. Mathematics is 
not just a white European invention. A multicultural approach can help students of many different 
backgrounds take pride in the accomplishments of their people, whereas the failure to include such 
contributions in the curriculum implies that they do not exist. 

It will be interesting to see whether, in the future, Lyotard's concept of a dialogic narrative 

will be developed as a suitable basis for the analysis of culture and mathematics as Freirian 

theory has been to date. 

Research Paradigm 

Bishop (1992), in discussing international research on mathematics education, describes three 

traditions within mathematics education research: the pedagogue tradition (with the aim of a 

direct improvement of teaching); the empirical tradition (with the aim of explaining 

educational reality); and the scholastic tradition (with the aim of establishing a rigorously 

argued theoretical position). All three are evident in work on culture in mathematics. 

The pedagogue tradition is adopted by those developing cultural mathematics materials for 

the classroom. Zaslavsky is the leading proponent of this approach, but it also includes many 
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of those working in indigenous mathematics projects (e.g. Barton, 1985; Harris, P., 1991; 

Gerdes, 1991a; Gerdes & Bulafo, 1994; Langdon, 1990). 

The empirical tradition is used, for example, by those working in cross-cultural cognition. In 

particular the ongoing study by Stigler et al (1990) which compares mathematics education in 

several Asian countries with that in USA. Other examples include Gay & Cole's (1967) 

original work, and recent Australian-based initiatives (e.g. Bell, 1995b). 

The scholastic tradition is the hall-mark of D'Ambrosio: he uses a wide range of references, 

theories and academic argument to establish his  cultural analysis of mathematics education. 

This tradition is also the modus operandi of those promoting critical mathematics education 

programmes (e.g. Mellin-Olsen, 1987) and sociological theory (e.g. Restivo, 1992). 

Psychological Theory 

The psychological theory of a writer refers to their beliefs about the way people learn, in 

particular how they learn mathematics. Recent debate in mathematics education has largely 

centred around radical and social constructivist learning theories (early papers were von 

Glasersfeld (1984) and Bishop (1985); for recent arguments see Davis et al (1990) and Ernest 

(1994c)). Cobb (1994b) has begun to relate these to sociocultural perspectives in general. 

De Lange (and others) in The Netherlands have developed an approach called Realistic 

Mathematics Education based on the ideas of Freudenthal (De Lange, 1987 & 1994); 

Freudenthal, 1991; Gravemeijer, 1994; Streefland, 1993). This is more an instructional theory, 

but can be included in this category. 

The following analysis seems to show that psychological theories are not as important as 

other theories in elucidating conflicts between writers on culture and mathematics. The 

various strands of social psychology and cultural cognition are clearly relevant here, but 

writers in culture and mathematics have not yet drawn heavily from these fields. 

Philosophical Orientation 

The philosophical orientation of the writer is to be distinguished from the philosophical 

writings referred to in the Intentional map. It is the writers' beliefs about education and about 

mathematics which is referred to here. Much of the writing on mathematics and culture does 

not state a philosophical position, but that is not to say it is lacking such a position. Rather, 

the philosophical stance is implicit within the writing. The absence of a philosophy of 

mathematics which accommodates a cultural perspective is one of the most serious omissions 

in this literature. 
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The two main areas in which a philosophical position may be taken are in education, and in 

mathematics. 

Philosophy of Education 

The educational position can be regarded as part of the Educational Paradigm, or, at least, 

should be considered in conjunction with it. This position refers to beliefs about the nature of 

knowledge (and therefore how people come to know something), as well as how knowledge is 

created or developed. Examples from mathematics education are given above. The ethics of 

education may also be relevant. 

Philosophy of Mathematics 

With regard to the philosophy of mathematics, it is often difficult to determine exactly what 

position some writers are taking, even on the broad dimension of Realism vs Anti-Realism. 

However their position is crucial to the interpretation of their writing. For example what 

implied status to mathematical knowledge is contained in these quotes from D'Ambrosio 

(D'Ambrosio & Ascher, 1994, p41 & 42): 

The mathematicians of [the 16th and 17th centuries] were dealing with things, with systems, that 
could be understood with a very rough degree of approximation 

[My use of the concept mathematics recalls] man's effort to transcend his existence through 
explaining and understanding what is going on, looking for new ways of coping with what reality 
is imposing on him, but at the same time going a step beyond the mere solution of the problem. ... 
[It] restores the higher dimension of an intellectual exercise. 

The first quote implies that there are underlying mathematical things (possibly concepts) 

which are more or less well-understood by mathematicians, i.e. these things exist 

independently of any group of mathematicians. The second quote implies that mathematics is 

a human creation of an interpretive kind, i.e. that the concepts are created as an exercise to 

help cope with particular situations as they see it, and are therefore dependent on whoever 

creates them. 

And in these from Zaslavsky (1994, p5 & 6): 

What a wealth of mathematical ideas and concepts I had discovered. ... I had never before realized 
the extent to which every society develops its own particular mathematics 

[Students] should know that a great deal of the mathematics that they learn in elementary and 
secondary school originated in Asia and Africa centuries before Europeans were aware of more 
than the most elementary aspects of mathematics. 

The first quote states clearly that the concepts of mathematics are relative to individual 

cultures, whereas the second implies that some parts of mathematics at least are independent 

of culture and can be more or less well-known to different cultures. 
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Thus it is important to establish, not just the philosophical differences between writers, but 

the positions taken by each writer and the consistency with which they are applied. 

    

Two frameworks have now been described. The following sections use these frameworks to 

review the main literature in mathematics and culture, and to show where confusions and 

contradictions lie. Through this the most important issues are identified and a path to their 

resolution is opened up. 
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1.2 Early Writers 

As Bloor notes (1976, p107), few writers have dared to set themselves against the "obvious 

fact" (to a sociologist of knowledge) that "there can only be one science of numbers, for ever 

self-identical in its content". Those that have considered cultural mathematics, have had their 

opinions ridiculed (see Spengler, below) or that section of their work misunderstood or 

ignored (e.g. Wittgenstein, 1956; Wilder, 1981). The predominant position has been that 

expressed in his early work by Kline (1953a & b) and European mathematicians or historians 

of mathematics (Bell, 1934; Hardy, 1941; Smith, 1958). 

It is only since the mid-1980s that cultural aspects of mathematics have been widely accepted 

for debate, and even then they have been debated in a restricted community, predominantly 

composed of those interested in the social components of mathematics education. 

For the purposes of this work, 'early writers' means those who wrote about mathematics and 

its relation to society and culture prior to 1984. This was the date of Ubiratan D'Ambrosio's 

address to the 5th International Congress on Mathematics Education (ICME-5) in Adelaide at 

which the term 'ethnomathematics' was used in its current context. It is intended to group 

together that writing which has been drawn on by those discussing mathematics and culture in 

a theoretical way. 

Hence, excluded from this section is that anthropological writing about the mathematics of 

other cultures which did not discuss the links between mathematics and culture, e.g. 

Zaslavsky, 1973; Ascher & Ascher, 1981. Such writing is part of the genre which has come to 

be encompassed by the term 'ethnomathematics'. 

The nature of mathematics has been discussed from at least Greek times. Many authors have 

either stated, or implied that, mathematics is a cultural phenomenon - or, at least, that its 

development is culturally dependent. The recognition of mathematics as an 'Art' is one way in 

which this has been expressed, as reflected in its continued acceptance as a legitimate subject 

in university Arts degrees. In the first half of this century the idea that mathematics has a 

cultural or sociological heritage was often expressed. Gerdes (1993b) mentions, in addition to 

authors mentioned below, the German mathematician Fettweis, the French psychologist 

Luquet, and the English educationalist Raum. Other examples are: 

Jackson (1928, p411) in an article in the American Mathematical Monthly: 

On the plane of social rather than individual psychology, there is a fascinating subject of inquiry 
in the relation between mathematical advances and the general consciousness of the age that 
produces them. 

Struik, (1948) states in the Introduction to A Concise History of Mathematics: 
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[There is] insufficient reference to the general cultural and sociological atmosphere in which the 
mathematics of the period matured - or was stifled. Mathematics has been influenced by ... [there 
follows a long list] - yet an understanding of the course and content of mathematics can only be 
reached if all these determining factors are taken into consideration. 

And Schaaf (1948, p15), in a book of essays on "the Nature and Cultural Significance of 

Mathematics: 

In past ages, mathematics was very largely a tool that not only facilitated the development of a 
culture, but which was itself more or less shaped by the culture. 

This review examines representative samples: first a sample of those who accept cultural 

aspects of mathematics; and then, in order to bring those views into relief, a sample of writers 

who represent mainstream approaches to the issue of culture. The three writers who have 

approached the idea of cultural variability in mathematics are Spengler, White and Wilder. 

Spengler, writing in 1911-1917, produced a comprehensive chapter on mathematics as part of 

a major work on the history of humankind in which he elaborates the idea that all aspects of 

society and culture (including mathematics) cycle through birth, growth, decline and death. 

White's work on mathematics was written in 1949, and brings a cultural anthropologist's view 

to the question of mathematical truths. Wilder wrote consistently in the period 1950-1980. His 

books directly address the view that mathematics can be treated as a cultural system and thus 

analysed in the same terms as other cultural systems. As the most recent comprehensive work 

dealing directly with the relationship between mathematics and culture, his last work (Wilder, 

1981) forms a vital background to more recent writers. 

In contrast to these writers many mathematicians have expressed views about mathematics as 

independent of culture. This view is implied more than it is stated directly, because a feature 

of such writing is the unwillingness to contemplate mathematics as less than a universal 

human endeavour. Three well-known examples of this writing are examined: Smith (1923, 

1958), Kline (1953a & b, 1962, 1972) and Neugebauer (1934, 1951). 

A third body of writing relevant to the development of the contemporary literature on 

mathematics and culture is made up of the precursors in the area of mathematics education. 

Particularly important here are D'Ambrosio's own previous writing in the area of science 

education, other culturally oriented papers given at previous ICME conferences, and the 

emerging interest in mathematics education in developing countries, particularly Africa. 
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Mathematics as a Cultural Variable 

Oswald Spengler 

Meaning of Numbers 

Spengler's grand conception was that a mathematic (singular) was a feature of each cultural 

era, and that all features grow, flourish and decline contemporaneously in every cultural era - 

and will inevitably do so in the future. The chapter Meaning of Numbers in his two volume 

tome (Spengler, 1926; but see Spengler, 1956 for an abridged version of this chapter) 

elaborates this idea with particular reference to the mathematics of the Classical era (c600BC-

250BC) and that of the Western era (c1600-1900). In particular he focuses on the conception 

of number as "the primary element on which all mathematics rests" (Spengler, 1956, p2315-

6): 

In number, then, as the sign of completed demarcation, lies the essence of everything actual, 
which is cognized, is delimited, and has become all at once ... . Nevertheless, mathematics - 
meaning thereby the capacity to think practically in figures - must not be confused with the far 
narrower scientific mathematics, that is the theory of numbers ... . 

and (Spengler, 1956, p2317-18): 

There is not, and cannot be, number as such. There are several number-worlds as there are several 
Cultures. We find an Indian, an Arabian, a Classical, a Western type of mathematical thought and, 
corresponding with each, a type of number - each fundamentally peculiar and unique, an 
expression of a specific world-feeling, a symbol having a specific validity ... . For indubitably the 
inner structure of the Euclidean geometry is something quite different from that of the Cartesian, 
the analysis of Archimedes is something other than the analysis of Gauss, and not merely in 
matters of form, intuition and method but above all in essence, in the intrinsic and obligatory 
meaning of number which they respectively develop and set forth. 

The conception of number, and hence the 'mathematic', of a culture is a representation of 

thought, of conception of the world. Spengler constantly draws parallels between the 

particular conception of number, and its evolution, with the development of art, architecture 

and music. 

The basis of the difference between the Classical and the Western mathematic is the 

conception of number as measurement, and number as relation, respectively (Spengler, 1956, 

p2323, p2325, p2333 and p2334): 

The whole world-feeling of the matured Classical world led it to see mathematics only as the 
theory of relations of magnitude, dimension, and form between bodies. 

[The] final significance of Classical number [is] measure in contrast to the immeasurable. 

[In the Western mathematic] the idea of magnitude and perceivable dimension ... was destroyed 
and replaced by that of variable relation-values between positions in space. 

Number as pure magnitude ... is paralleled by numbers as pure relation. 

 3  



  Culture & Mathematics 

The important point made by Spengler is that this is not a development, it involves the 

destruction of the concept of number of the previous cultural era. It is interesting that, 80 

years after Spengler, a modern version of this idea is part of the debate over whether 

mathematics exhibits Kuhnian revolution (see Gillies, 1993, and Section 2.2 below). 

Placing Spengler on the Maps 

The Decline of the West (Spengler, 1926) is primarily historical. The chapter on mathematics 

is, for Spengler, an example of his general thesis about cyclical cultural development. It is 

clearly important for him that mathematics fits his vision because (Spengler, 1956, p2315): 

[Mathematics] holds a quite peculiar position amongst the creations of the mind. It is a science of 
the most rigorous kind ...; it is a true art ... . Every philosophy has hitherto grown up in 
conjunction with a mathematic belonging to it. Number is the symbol of causal necessity. 

Thus the intention of his writing, in terms of mathematics and culture, is to argue that 

mathematics is a part of culture, and to demonstrate the dependence of culture on all its parts, 

including this one. Mathematics is a reflection, and an actualisation, of the underlying nature 

of each culture. 

While placing this writing within the sociology of mathematics, it is important to note that 

Spengler himself draws the distinction between the manifestation of a culture in its 

'mathematic', and the "far narrower scientific mathematics". Thus 'mathematic' could be 

understood as a new construct: as the underlying conceptions of space and number which are 

exhibited by each culture. This would leave open the possibility of a linear, cumulative 

development for the science of mathematics. 

However such a reading is difficult to maintain throughout his work, and would seem to 

devalue the breadth of Spengler's vision. He illustrates his theories with reference to detailed 

mathematical works, and points to the individual contributions of mathematicians in giving 

voice to the conceptions of number appropriate to their culture, e.g. (Spengler, 1956, 2333): 

The decisive act of Descartes ... consisted ... in the definitive conception of a new number-idea, 
which conception was expressed in the emancipation of geometry from servitude to optically-
realizable constructions ... . 

But location in terms of the Map of Individual Context is perhaps more fruitful in untangling 

the reasons and nature of the heavy criticism which was directed at Spengler's work (Hughes, 

1952, p90ff). 

Hughes (1952, p59) describes the "Intellectual Temper" of Germany 1911 as being heavily 

influenced by Nietzsche: 

All things human, Nietzsche affirmed, would eventually return to their origins and would run 
again through their previous course of change. This cyclic theory of man's [sic] destiny implied a 
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rejection of both the after-life of the Christians and the dogma of progress on earth with which 
Nietzsche's rationalist predecessors had replaced it. 

The historical theories of the turn of the century had been influenced by the rise of natural 

science, and, in particular, was linking itself to philosophy to produce broad generalisations - 

hence the rise of cyclical theories. Spengler specifically acknowledges Nietzsche as one of 

the writers to whom he owed "practically everything". 

Added to this was the social condition of the time. Spengler wrote throughout World War I, 

and the appearance of his work at the end of the war coincided in Germany with a period in 

which "the peculiar circumstances of defeat and revolution had actually raised pessimism to 

the status of a popular doctrine" (Hughes, 1952, p89). It is suggested that in Spengler's vision 

of inevitable decline (defeat) of all Western culture, the German population found a solace 

from their recent humiliation. Such attitudes were also instrumental in Spengler's creation of 

the work. In the preface to the first edition he states that the First World War "was an element 

in the premises from which the new world-picture could be made precise" (Spengler, 1926). 

In papers published posthumously he describes his insights during 1911 (Spengler, 1926, 

p46): 

At that time the World War appeared to me both as imminent and also as the inevitable outward 
manifestation of the historical crisis, and my endeavour was to comprehend it from an 
examination of the spirit of the preceding centuries. ... Thereafter I saw [the approaching World 
War as a] type of historical change of phase occurring within a great historical organism of 
definable compass at the point preordained for it hundreds of years ago. 

On a personal level, Spengler was a son of a modest family who, nevertheless, put him 

through university where he completed a doctorate in mathematics and the natural sciences. 

Through his education he developed an interest in the Classical era. First a teacher, he retired 

after six years to write his great work - which he did in poor health (which exempted him 

from military service) and on inadequate means. He died in Munich in 1936. 

Hughes' analysis of Spengler attempts to strip away his deterministic philosophies, his 

'symbol-worship", his lack of competence in philosophy and economics, his political 

prejudices, and his violation of historical practice. And yet the final value Hughes perceives 

in the work is "as a synthesis ... of a whole age, ... of a state of mind ... of an old society 

anticipating its end." (Hughes, 1952, p164). Hughes describes the work as between 

imaginative literature and prophecy. How does that judgement apply to his writing on 

mathematics? 

It leaves the concept of a different mathematic for each culture intact. As Hughes points out, 

Spengler is explicit about his own subjectivity while appearing to make dogmatic statements 

about how things are (Hughes, 1952, p160): 
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"Every living perception," he writes, "including the one I have proposed, belongs to one single 
time." And in asserting the "truth" of what he has discovered, he claims no more than that it is 
"true for me, and as I believe, true for the leading minds of the coming time; not true in itself as 
dissociated from the conditions imposed by blood and history, for that is impossible". 

Such a stance was a radical departure from the thought of his day. His application of it to 

mathematics was a result of needing to apply it to all cultural manifestations. In this 

application Spengler is not arguing that mathematics stagnates, nor was he debating the 

nature of mathematical truths. What he is arguing is that the understanding of critical 

mathematical concepts (such as number) is reflected in the culture of the time. That is, that 

any member of that culture comprehends mathematics according to these understandings, and 

that the members of one culture cannot understand the basic ideas of another. They cannot 

understand the ideas of another culture because they are immersed in the context of their own 

culture. It is possible to understand the ideas of another culture, but only provided one steps 

outside one's own culture to do so, or, at least, suspend one's conventional ways of seeing 

things. 

Spengler is discussing our understanding of mathematics: he is not discussing the nature of 

mathematics itself. He is not adopting a relativistic stance on the existence of mathematical 

objects - he is avoiding such a debate altogether. 

This concentration on cultural perception and avoidance of philosophical debate has become 

a feature of much later writing as noted in the Introduction (and see below). 

Leslie White & Raymond Wilder 

An Anthropological View of Mathematics 

White was a Professor of Anthropology at the University of Michigan during the 1930s, 40s 

and 50s. His two main works (1949 and 1959) concern the nature of cultural reality: the 

anatomy of culture and how it may be studied. In the first book he illustrates his ideas using 

mathematics in a chapter entitled: The Locus of Mathematical Reality. It is this chapter which 

has become well-known in mathematical circles by its inclusion in Newman's anthology 

(1960). 

White's thesis is that the two statements: "Mathematical truths have an existence and a 

validity independent of the human mind" and "Mathematical truths have no existence or 

validity apart from the human mind", are BOTH true because the phrase 'the human mind' is 

used in two senses. The resolution of the apparent contradiction is that (Newman, 1960, 

p2350): 

Mathematical truths exist in the cultural tradition into which the individual is born, and so enter 
his [sic] mind from the outside. But apart from cultural tradition, mathematical concepts have 
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neither existence nor meaning, and of course, cultural tradition has no existence apart from the 
human species. 

Mathematical truths are compared with truths of language development. For example, the 

English language has an independent existence in that it grows and changes in accordance 

with principles which are inherent in language, and which are 'discovered' as people become 

self-conscious of language. But English can only exist within a culture, which is dependent 

on human minds. 

Evidence of the cultural existence of mathematics is given in the frequency of simultaneous 

mathematical 'discoveries'. The mind of any individual mathematician is the place where 

mathematical, (and other), ideas interact. While a particularly brilliant mathematician is more 

likely to make a particular discovery, that discovery is dependent more on the conjunction of 

several ideas which are present in the intellectual milieu of mathematics in that culture at that 

time, than it is on one particular mind (Newman, 1960, p2359): 

Had Newton been reared as a sheep herder, the mathematical culture of England would have 
found other brains in which to achieve its new synthesis. 

Thus new mathematics is a cultural synthesis. Mathematics is outside of any one human 

mind, but is entirely contained within a cultural collective of human minds. 

A Culturological View of Mathematics 

Wilder was a well-known professor of mathematics and leader in the American Mathematical 

Society who listed his research interests as the 'culturological history of mathematics'. He 

wrote three main works in this field (1965, 1968 and 1981; he also write important texts in 

pure mathematics), the first of which had a first edition in 1952, and the last of which was 

finished only the year before he died in 1982 aged 85. Each of these books contains work 

about the cultural basis of mathematics - indeed his first writing on this subject was a paper to 

the International Congress of Mathematicians in 1950 (Wilder, 1950). 

The 1965 work is a text for a course on the foundations of mathematics. Most of the book is a 

standard non-technical introduction to the field in which different positions are presented 

from the point of view of the proponents of that position. However the final chapter, "The 

Cultural Setting of Mathematics", includes his own opinions regarding the nature of 

mathematics. In this chapter he acknowledges that, compared with other cultural elements, 

mathematics "seems to have a universality which knows no boundary lines" (p283). In order 

to establish mathematics as a cultural element, he then argues that "(1) this universality did 

not always exist, (2) it is not so complete as it seems, and (3) its existence is easily explained 

in cultural terms" (p284). 
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The first of these is demonstrated with historical examples of contemporaneous cultures 

which had different 'mathematics', as well as with examples of mathematical concepts which 

have changed over time. The second is similarly demonstrated with examples of the 

variability of subject matter covered by the term 'mathematics'. This includes the existence of 

different "schools" (both philosophically and methodological) and distinct national 

characteristics of mathematics (p286). As part of this Wilder makes the point that (Wilder, 

1965, p288): 

[What] enables us to go into any culture and pick out its "mathematical" elements? Obviously, we 
use what we call mathematics in our own culture as a criterion; .... Inevitably we are influenced 
and guided by what we call mathematics in our determination of the mathematical elements  of 
other cultures. (Italics in the original). 

In explaining the apparent universality of mathematics in cultural terms, Wilder revisits the 

ideas of White (whom he acknowledges), and an earlier anthropologist (Ralph Linton), 

concerning the dependence of mathematical development on cultural conditions and its 

independence of individuals. He is thus led to ask how favourable cultural conditions for 

mathematical development come about. Three answers are offered: the opportunity for 

specialisation of occupations; an adequate symbolism; and suitable means for diffusion of 

ideas. It is the use of symbolism for cross-cultural communication which, for Wilder, is 

responsible for the near-universality of contemporary mathematics. 

Finally the chapter describes how cultural influences affect the development of mathematics, 

a theme which is elaborated in his second work (Wilder, 1968). 

This second work is motivated by (Wilder, 1968, vii and xi): 

the desire to determine, if possible, how and why mathematical concepts, such as number and 
geometry, were created and developed. 

This is a book about mathematics - mathematics as a cultural phenomenon - and not a contribution 
to mathematics per se. 

In this attempt, Wilder has taken an anthropological viewpoint, writing an introductory 

chapter on cultural anthropology, and restating the idea that mathematics exists as a cultural 

element. He notes that the general picture of the evolution of mathematics (Wilder, 1968, 

p15): 

shows that the tendency is to build concepts suggested by the environment and then to generalise 
these concepts so that a higher level of abstraction is reached. In the pure mathematical realm, 
these concepts seem to take on a life of their own ... . What has happened is that mathematics has 
added concepts of its own to the world of so-called reality, so that its domain of application 
includes not only the physical and social environment, but the cultural environment - the growing 
bulk of mathematical theory having itself become part of the cultural environment. 

There is a circular component to this thesis. Wilder, like White, sees mathematical reality as 

existing solely as a cultural phenomenon (Wilder, 1968, p205): 

 8  



  Culture & Mathematics 

The assumption made in the present work is that the only reality mathematical concepts have is as 
cultural elements or artefacts. 

He then seeks to explain the evolution of mathematics in cultural terms. Indeed, the rest of 

this book details the evolution of the concepts of number and geometry as examples of 

cultural evolution. However mathematics itself, as a cultural element, is part of the cultural 

environment, and thus is one of the evolutionary forces at work in its own development.  

This seems to leave room for an argument along Realist lines, that the development of 

mathematics is a linear progression of discovery: its discoveries lead on from one to another 

uncovering ever more complex 'truths' about number and space (this is the contribution of 

mathematics to its own development), although the choice of areas in which discoveries are 

concentrated at any one time depends on the wider environment (this is the contribution of 

culture). 

Wilder claims that the cultural standpoint makes questions about mathematical reality 

meaningless. For example (Wilder ,1968, p206): 

The concept of number is an existing cultural entity, whose origin and evolution were induced by 
cultural stress of environmental and hereditary character. And the concept of an infinite totality of 
natural numbers is not, as seems to be often asserted, open to argument as regards its existential 
nature. ... Whether infinite totalities exist in the physical world has nothing to do with the case. 
What matters is, do the concepts lead to fruitful mathematical developments. (Italics in the 
original). 

Note the introduction of the term origin here. Whether there is a question of existence or not 

would seem to depend on how number originated, not on its evolution. Returning to the early 

chapter on number, it is found that Wilder renames what Realists might call mathematical 

ideals with anthropological terms (Wilder, 1968, p33-34): 

Evidently the rudiments of counting form a cultural necessity, hence what anthropologists call a 
cultural universal. ... This factor of "environmental necessity" has operated throughout the 
evolution of mathematics, and all the evidence shows that it played a major role in the inception of 
those cultural elements that later, in some cultures, became a recognizable mathematics. 

Perhaps, however, it is fairer to credit Wilder with a recognition that the cultural view of 

mathematics is one perspective - it is a term he uses in the Preface to this work. 

Another important section of this work is the list of the "Forces of Mathematical Evolution" 

(1968, p169), and, later, the statement of ten "Laws Governing the Evolution of Mathematical 

Concepts" (1968, p207). These are an explicit attempt to anthropologise mathematics, i.e. to 

study mathematics as a cultural entity which is subject to characteristic principles.  

There are three points which should be mentioned about these laws. First, Wilder 

acknowledges the difficulty in describing a "host" culture. It is defined as that culture of 
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which mathematics forms a subculture, but he notes that this is not uniquely definable, and, in 

particular, that in modern times a host culture usually transcends national boundaries. 

Wilder's statement of the laws was followed up by Michael Crowe in 1975 in an article 

(Crowe, 1975) which gives his own ten laws, based on the growing historiography of 

mathematics (as opposed to Wilder's laws which are based on anthropological and 

sociological researches). This paper has led into what is called the Crowe/Daubin debate 

(Gillies, 1993) which is discussed in Section 2.3. Crowe has also reviewed Wilder's 1968 

book (Crowe, 1978), and Wilder made a subsequent commentary (Wilder, 1979), and further 

elaborated the laws in his book (1981). 

The final point to note is that trying to establish characteristic principles runs into a 

philosophical regress. Wilder is suggesting that mathematics (and, presumably, other 

intellectual fields) is a cultural phenomenon. But this activity, the anthropology of 

mathematics, is also a cultural activity, and is therefore subject to environmental and 

hereditary stresses. Thus any "laws" which he states for the development of mathematics are 

the result of the cultural forces in action at the time that he states them, and must be 

considered to be true, at best, only in the light of current understanding. In other words they 

cannot be universal laws (have a reality outside of human thought) for the same reason that he 

asserts number has no reality.  

Wilder's third book, Mathematics as a Cultural System, (Wilder, 1981) was written in the last 

years of his life and is an elaboration of his earlier theme, in which he goes into more detail 

concerning the cultural concepts and broadens the mathematical theory which is represented. 

The reformed laws stated in the book will be dealt with later (Section 2.3), but for the present 

let it be noted that Wilder, in this book, is at pains to point out that the cultural view of 

mathematics is just one perspective (1981, vii): 

There is presented here a way of looking at mathematics and its history. ... [It]  is not asserted to be 
the "true" state of affairs. I do assert, however, that to conceive of mathematics as a cultural 
system does offer a way of explaining many anomalies that, in my opinion, have not been 
heretofore satisfactorily explained by philosophical or psychological means. 

Later he addresses the issue of mathematical reality, and again draws back from the more 

dogmatic statements of earlier work (1981, 30): 

[There] would seem no denying that [mathematics] is cultural in nature. Some express this by 
saying that "mathematics is man-made." [sic] There seems little justification for not including 
mathematics among the other forms of cultural elements. ... The advantages in taking a 
culturological view of mathematics are to be found not only in the perspective it affords for the 
understanding of the various philosophies of mathematics and their raison d'etre ... 

Here is the crux of his position. The culturological view bypasses the philosophical one. That 

is apparently what he means earlier when claiming that questions of mathematical reality are 
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meaningless. Here again is an escaping of the philosophical questions of mathematics, a trend 

which continues in later writing (see below). 

Self-Referential Cultural Synthesis 

White and Wilder represent an interesting example of the theories which they are espousing. 

In mathematical circles their writing is some of the most well-known in the area of culture 

and mathematics. They insist that mathematics is a cultural element, and that mathematical 

development proceeds as a result of cultural circumstances (and therefore independently of 

individuals). On their own theories it makes sense to ask, how it is that just this idea arose at 

this time in history? Was it independent of these individuals? 

By locating these two writers on the Personal Map, an interesting situation emerges. White 

and Wilder were friends (not just colleagues) over at least two decades. Both were professors 

at the University of Michigan during the 1930s to 1960s, Wilder being there from 1926 to 

1967, and White from 1930 to 1965. Wilder's daughter was also an anthropologist (supervised 

by White), and she encouraged him to write Mathematics as a Cultural System. Wilder 

became a fellow of the American Anthropological Association. 

Both writers would likely say that it was culturally inevitable that, at some time in the mid-

twentieth century, probably in America, the developing field of cultural anthropology and the 

existing fields of the history and philosophy of mathematics would be brought together. If it 

had not been them as individuals, then it would have been some other academics working 

closely together. Therefore the description of mathematical development using some "laws" 

was also inevitable, as was the putting aside of philosophical questions in the form they had 

been asked since classical times. 

This section has shown a new perspective on the literature on mathematics and culture. 

Before looking at the developments in the 1980's, it is necessary to look both at the 'counter-

literature' which held that mathematics was culturally independent, and also at the way in 

which mathematics education contributed to the rise of ethnomathematics. 

Mathematics as Culturally Independent 

All major commentators on mathematics acknowledge the subject as a human endeavour - 

they disagree, however, on the purpose of this endeavour. 

In the last 100 years there has been a slow recognition of the extent to which mathematics is a 

creative cultural process, its very nature shaped by the people and societies in which it is 

pursued. The above analysis of Spengler, White and Wilder has illustrated this. 
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Such a shift in consciousness has been done against a prevailing attitude that mathematics is a 

study of universal truths about the world. Despite the challenges to certainty posed by non-

Euclidean geometry and complex numbers (see Kline, 1980), the Newtonian attitude that the 

universe is written in mathematics and the laws are there to be uncovered has been firmly 

entrenched. 

Three influential writers about mathematics of the period 1920-1980 were David Eugene 

Smith, Morris Kline and Otto Neugebauer. Some of their work is now examined to show the 

depth and subtlety of such views, and to put the writing considered above into perspective. 

David Eugene Smith 

Smith first published a two-volume history of mathematics in 1923 with the intention of 

providing a resource for teachers of mathematics in American colleges and high schools 

(Smith, 1958). The two volumes presented mathematics from different points of view. The 

first was a survey by chronological, geographical and cultural periods (Smith, 1958, iv): 

for the purpose of relating the development of mathematics to the development of the race, of 
revealing the science as a great stream rather than a static mass, and of emphasizing the human 
element. 

The second volume is more mathematical, tracing the evolution of specific topics. 

In the preface to Volume 1, Smith seems to be acknowledging the cultural variation in 

mathematical development (Smith, 1958, iv and v): 

... linguistic and racial influences tend to develop tastes in mathematics as they do in art and in 
letters ... 

... the world has no certain prescription for the creation of genius and ... the causes of any series of 
historical events are usually very intangible. 

However it is clear that he conceived mathematics to be one "great stream" which has more or 

less proceeded along an inevitable path. His history is (Smith, 1958, p v): 

an attempt ... to seek out the causes of the advance or the retardation of mathematics in different 
centuries and with different races ... . 

In considering prehistoric mathematics Smith identified the spiral curve, the mathematical 

laws of physics and conics as being present from the creation of the universe. He goes on to 

comment that truths like: 

(a + b)2 = a2 + 2ab + b2 

have no beginning and no end, thus (Smith, 1958, p3): 
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the history of mathematics may be considered as a record of the discovery of existing laws in this 
science and of the invention of better symbols as needed from time to time for their expression. 

Furthermore Smith related mathematical development to the intellectual sophistication of the 

race involved. In particular he infers that mathematics advances in stages from evidence of 

rudimentary number skills in contemporary "races of low intelligence" (Smith, 1958, pp7, 

21). In this he was following the anthropological fashion of the time (see Ascher (1986) and 

Stigler & Baranes (1988) for a discussion of this fashion). 

The contributions of different eras or "races" are described as contributions to the same 

mathematics. What was interesting for Smith was the historical conditions which promote or 

hinder this. For example (Smith, 1958, pp54 & 358): 

Philosophy, letters, mathematics, art ... require peaceful surroundings for their development. It is 
for this reason that mathematics [after 1000BC] flourished best on the protected islands of the 
Aegean Sea, on the Greek peninsula, and in the Greek towns of Southern Italy. 

... the general reason why mathematics ... should trend to the north [was] the ability to conquer the 
cold and darkness of the long winter nights. ... [The] 16th and 17th centuries saw a great advance 
in the comforts of living north of the Alps, and hence in the ability to utilize the long winter nights 
in intellectual pursuits. 

And Smith does not acknowledge continuing changes in the concept of elementary 

mathematical ideas, such as number. In the final chapter he notes that, as far as elementary 

mathematics goes (including topics such as arithmetic, algebra of complex numbers, 

differential and integral calculus), "a large part of the history of the subject closes with the 

year 1700" (p445). He does state that the teaching of these topics has changed, and new 

applications have been 'added': the choice of words indicating that the mathematics is fixed 

and finalised. Nowhere is there any indication that the future may herald different 

perspectives on mathematical concepts (cf Spengler and Wilder above). 

Morris Kline 

Kline was a college mathematics professor (mostly at New York University), a researcher in 

radio engineering, and a writer on mathematics. He produced well-known works in the 1950s, 

60s and 70s. He is included in this sample because his work is often quoted with respect to 

culture. It will be seen, however, that his views are in the traditional school. 

Kline's early work, Mathematics in Western Culture (1953a), is still often-quoted and well 

read. The theme of the book is that "mathematics has been a major cultural force in Western 

civilisation" (p15). Much of the work speaks as if mathematics is a "given" which then 

influences cultural history (Kline, 1953a, p15): 

... mathematics carries the main burden of scientific reasoning, ... has determined the direction and 
content of much philosophic thought, has destroyed and rebuilt religious doctrines, has supplied 
substance to economic and political theories, [and] has fathered our logic ... . 
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However he does acknowledge that "the nature and contents of mathematics have been 

shaped by the civilisations that contributed to our modern Western one" (p17). This echoes 

Smith's attitude described above. 

Kline (1953a, pp20-29) describes mathematics as a method of inquiry which leads to the 

creation of conclusions from definitions and the application of logic. (Note the contradiction 

here with the quote above in which mathematics "fathers" logic. Kline's writing is rhetorical 

rather than philosophical, a failing noted earlier as common in this corpus). The content of 

these conclusions have been shaped from "practical, scientific, aesthetic and philosophical 

interests" (p23) which are a conjunction of 'pure thought' and 'social forces'. He credits the 

symbolism with which mathematics is expressed with an exactness not present in language. 

The content of mathematics contains no truths, Kline says, but its value lies in its spirit of 

rationality. 

This description appears to embody an attitude of relativity with respect to the subject. That 

Kline does not go that far is apparent in the metaphor he uses to describe its growth (Kline, 

1953a, p27): 

Mathematics is a living plant which has flourished and languished with the rise and fall of 
civilizations. Created in some prehistoric period it struggled for existence through centuries of pre-
history. ... In [the Greek period] it produced one perfect flower, Euclidean geometry. The buds of 
other flowers opened slightly and ... the outlines of trigonometry and algebra could be discerned... 

There is no missing the determinism of this language: algebra and trigonometry were 

inevitable, the genes of mathematics do not change. 

A second theme in Kline's writing is the assumption of one stream of development, albeit 

branching. He down-plays the role of the Far East, not just in mathematical history, but in 

cultural history generally (e.g. Kline, 1953a, p30): 

The cradle of mankind, as well as of Western culture, was the Near East. 

In the final chapter of this work, Kline addresses again the nature of mathematics: it is, he 

claims, primarily a method (a particular method) involving definitions, axioms and rigorous 

deduction. This method is present in all branches of mathematics. The method is also 

characterised by consistency, simplicity, and abstraction. He acknowledges physical and 

cultural origins for the definitions and applications, regards creativity and aesthetics as 

essential features, and agrees with the tautological nature of the mathematical edifice, but still 

claims the universality of "the distillation of highest purity that exact thought has extracted 

from man's efforts to understand nature" (p526). 

Kline's position on culture and mathematics can be summarised as follows: mathematics 

strongly influences cultural development; and cultural forces shape the emphases and 
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applications in the inevitable growth of mathematics seen as a particular approach to the 

study of quantitative and spatial relationships. 

The subtlety of his view of mathematics is exposed in his work (1953b) which relates 

mathematics specifically to the physical world. Although Mathematics in Western Culture 

(1953a) is at pains to separate mathematics in its essence from physical reality, he now states 

(Kline, 1953b, p vii): 

Insofar as it is a study of space and quantity, mathematics directly supplies information about 
these aspects of the physical world. ... Indeed physical science has reached the curious state in 
which the firm bold essence of its best theories is entirely mathematical whereas the physical 
meanings are vague, incomplete, and in some instances even self-contradictory. ... Further, if one 
can speak of the goal of modern scientific theory it is to subsume all its results under one 
mathematical principle whose implications would describe the multifarious operations of nature. 
(Italics in the original). 

Why, Kline asks himself (1953b, pp464ff), is mathematics, which is a human creation and not 

a collection of ultimate truths, "the method par excellence by which to ... represent physical 

phenomena"? His answer is that both the axioms, and the deductive laws of reasoning, 

originate in experience, from observations of nature. Why, then, is mathematics not just 

another branch of science? Because it is possible to continue to investigate mathematics in the 

abstract, without any regard for physical reality. However he adds (Kline, 1953b, p475): 

Mathematicians may like to rise into the clouds of abstract thought, ... but they must return to 
earth for nourishing food or else die of mental starvation. They are on safer and saner ground 
when they stay close to nature. 

What Kline has left unstated is his assumption that there is only one way to represent 

experience of quantity and space, and one way to reason. He provides no basis for there being 

just one immutable set of laws of logic. He does not see possibilities beyond the set derived 

from Aristotle. Furthermore, he does not acknowledge that there are fundamental changes in 

the way the concepts and axioms of mathematics are regarded. It is this possibility for cultural 

input and development which sets his views aside from the writers described earlier. 

The work of his earlier books is represented in Kline (1962) with 'A Cultural Approach'. 

While this is an undergraduate text which aims to show "what mathematics is, how 

mathematics has developed from man's efforts to understand nature" it is guided by the idea 

that "mathematics has moulded our civilization and our culture" (p v), not the other way 

round. He does, however, acknowledge that "the full significance of mathematics can be 

taught and appreciated only in terms of its intimate relationships to other branches of our 

culture", however the philosophical independence of the subject is still present and "the ideal 

of a deductive structure is to be found in mathematics and is presented here" (p vi). 

In his 1972 work, Kline appears to take a more relativist view. He states (Kline, 1972, p vii): 
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The very concept of mathematics, the changes in that concept in different periods, and the 
mathematicians' own understanding of what they were achieving have also been vital concerns. 

And yet he still sees mathematics as developing monoculturally in one stream (Kline, 1972, p 

viii): 

To keep the material within bounds I have ignored several civilizations such as the Chinese, 
Japanese, and Mayan because their work had no material impact on the main line of mathematical 
thought. 

However, at the end of the work, after considering the foundations of mathematics, he notes 

that rigour was "more honoured in the breach until the nineteenth century" (p1209), and that 

consistency is severely restricted. Thus mathematics is now intuitive and pragmatic, and 

(Kline, 1972, p1210): 

'Mathematizing' may well be a creative activity of man, like language or music ... whose historical 
decisions defy complete objective rationalization. 

By 1980 Kline has taken this idea further. Mathematics: The Loss of Certainty (1980) "treats 

the fundamental changes that man has been forced to make in his understanding of the nature 

and role of mathematics" (Preface). And that (Kline, 1980, p6): 

The current predicament of mathematics is that there is not one but many mathematics and that for 
numerous reasons each fails to satisfy the members of the opposing schools. It is now apparent 
that the concept of a universally accepted, infallible body of reasoning ... is a grand illusion. ... 
The present state of mathematics is a mockery of the hitherto deep-rooted and widely reputed truth 
and logical perfection of mathematics. 

Kline still then asks why mathematics is so incredibly effective? He describes the Platonist 

answer (that mathematics is a transcendent world, and is discovered - what evolves is not 

mathematics but man's knowledge of it, so far imperfect but getting better), and the Kantian 

answer (mathematics is an activity of the mind, and mathematical development is the 

development of the mind itself). But for Kline the answer is in empiricism (Kline, 1980, 

p328): 

...the questions about [mathematics] can be parried, though not resolved, by stressing application 
to nature. ... The theorems that lead to correct results time after time may be used with increasing 
confidence. If continued use of the axiom of choice, for example, leads to sound physical results, 
then certainly doubts concerning its acceptability are at least diminished. 

However, Kline's 'one stream of mathematics' views still remain. The choice of words in the 

Preface ("changes that man has been forced to make") indicate a sense of inevitability about 

mathematical development. Furthermore, he claims that mathematics is different from science 

because (Kline, 1980, p333): 

Whereas in science there have been radical changes in theories, [most] mathematics has 
functioned for centuries. [It has] been and still is applicable. 

 16  



  Culture & Mathematics 

So, while he still regards mathematics as an ideal ("an ideal toward which we shall strive, 

even though it may be one that we shall never attain" p353), Kline comes to acknowledge that 

it is bought at the price of viewing the world in terms of human-created concepts such as 

mass. He never, however, explores the full relativity of the idea that (Kline, 1980, p350): 

At best mathematics describes some processes of nature, but its symbols do not contain all of it. 

Otto Neugebauer 

Neugebauer was an Austrian born at the turn of the 20th century who became a leading 

historian of both mathematics and astronomy. His obituary (Swerdlow, 1993) describes the 

two, "not entirely compatible" (p141), interpretations of the history of mathematics which 

Neugebauer managed to merge. 

One interpretation is the continuity and universality of mathematics which is independent of 

time, place or mathematician. The other has mathematics as "a characteristic and fundamental 

product of each individual culture" (p141). Swerdlow notes (1993, p141): 

At once a mathematician and a cultural historian, Neugebauer was from the beginning aware of 
both interpretations and of the contradiction between them. Indeed, a notable tension between the 
analysis of culturally specific documents, whether the contents of a single clay tablet or scrap of 
papyrus or an entire Greek treatise, and the continuity and evolution of mathematical methods 
regardless of ages and cultures is characteristic of all of his work. 

Neugebauer's Vorgriechische Mathematik (1934) is reported as being the "most thorough and 

successful union of the two interpretations" (Swerdlow, 1993, p145). In it, for example, 

Neugebauer discusses how the method of writing cuneiform and hieroglyphics affects the 

forms of numbers and their operations. It is curious that perhaps the most thorough cultural 

and technical history of mathematics in ancient times is not available in English.  

His interest in cultural history of mathematics continued and culminated in his work The 

Exact Sciences in Antiquity (1951). After that time Neugebauer concentrated on the technical 

aspects of his research: a massive work on mathematical astronomy (1975) which contains 

little cultural material, and work on calendars and chronology which ignores theological and 

cultural issues (Swerdlow, 1993). Swerdlow opines that (1993, p160): 

Neugebauer was always primarily a mathematician, ... for even through years of allowing that 
mathematics was grounded in culture, he really believed that in a more profound sense it was not. 
Mathematics may begin with local applications and conditions and influences that determine its 
direction, but is it not evident that already early Babylonian scribes and pre-Euclidean Greek 
geometers became interested in their subjects as mathematics per se differing ... not in kind from a 
modern mathematician? 

This may be Swerdlow speaking, but he quotes Neugebauer widely to justify the claim that 

Neugebauer "always believed that mathematics does transcend its surroundings and belongs 

to a world of pure science" (1993, p164). 
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Further justification can be found in Neugebauer's last explicit writing which included 

significant cultural content (1951). It exhibits the same views as Smith and Kline: that 

mathematics is fundamentally universal and developed in one stream, its methods and content 

shaped by cultural forces, but unchanged in its concepts and character. The following quotes 

will suffice (Neugebauer, 1951, pp1 & 2) 

The investigation of the transmission of mathematics and astronomy is one of the most powerful 
tools for the establishment of relations between different civilizations. [i.e. mathematics is a 
constant against which changing cultures may be measured - my note] 

It will also give us the possibility of exactly evaluating the contributions or modifications which 
must be credited to the new user of a foreign method. [i.e. mathematics develops in one stream - 
my note] 

...it is the interest in the role of accurate knowledge in human thought that motivates the following 
studies. [i.e. mathematics epitomises pure thought - my note] 

The basic mathematical concepts are simple and much more familiar to the modern reader than the 
corresponding astronomical facts and their ancient presentation, which often will be rather strange 
even to a professional modern astronomer. [i.e. mathematical concepts are unchanging since 
antiquity - my note] 

Smith, Kline and Neugebauer have been taken as examples of writers who, prior to 1980, 

were acknowledging the role of culture as primarily a shaper of mathematics. Spengler, White 

and Wilder were articulating a more fundamental relationship: that mathematics changed in 

nature from culture to culture, earlier forms being antecedents rather than undeveloped 

versions of the same subject. 

The emergence of ethnomathematics in the literature of the 1980's can be seen as one branch 

of the latter idea. If mathematical ideas are fundamentally different in different cultures, then 

it is important, in this world of increasing technological and academic cross-cultural 

communication, to explore the nature of these differences so that cultural integrity is 

maintained and valuable ideas are not lost. 

In the light of the more universal views on mathematics by most mathematicians, it is not 

surprising that the rise in interest in cultural aspects of mathematics came from mathematics 

educators - those who had to deal with the cultural interface. A brief review of the lead-up in 

mathematics education to the emergence of ethnomathematics follows. 

Mathematics Education Precursors 

The Earlier ICME Conferences 

Mathematics education as an academic field has had a relatively short history. The formation 

of the international body (International Commission on Mathematics Instruction, ICMI) out 

of the International Congress of Mathematicians (ICM) held its first Congress (ICME-1) in 
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Lyons in 1969, and its second (ICME-2) in Exeter in 1972, thereafter being four-yearly. 

There had been sections of ICM devoted to education, and meetings of mathematics teacher 

educators, but ICME became the international forum. The two leading journals in the area 

were both established in 1968/69 (Educational Studies in Mathematics and Journal for 

Research in Mathematics Education), although mathematics teacher journals existed well 

before that. 

The first ICME plenary dealing with cultural issues was a paper by the anthropologist 

Edmund Leach at ICME-2 (Leach, 1973). The invitation to an anthropologist to speak to the 

congress was a deliberate attempt by the programme committee to raise cultural and social 

factors (Howson, 1973, p10). Leach, under the guise of the anthropologist's only lesson for 

mathematics teachers ("what seems obvious to you and me is not necessarily obvious to 

anyone else" p137), gave several examples of the way in which reality is constructed by 

foundational concepts, including mathematical ones. For example he described how the units 

we use determine the nature of the quantity being measured, and how time frameworks 

determine the concept of history. It is ironic that he quotes Neugebauer's material in his 

exemplification of this radical thesis on the relationship between culture and mathematics. 

ICME-3 (Karlsruhe) and ICME-4 (Berkeley) contained no significant addresses on cultural 

themes. Sir James Lighthill's address at ICME-3 entitled 'The Interaction between 

Mathematics and Society' pursued his interest of new applications of mathematics to water 

pollution, weather forecasting and decision-making (Athen & Kunle, 1977). D'Ambrosio, 

however, was pursuing socio-cultural issues and reported on them in those forums (see 

below), and the themes of the societal objectives of mathematics education, and of 

mathematics in developing countries continued. Nevertheless, it was not until D'Ambrosio's 

address at ICME-5 in Adelaide in 1984 that the connection between culture and mathematics 

again became a major focus. 

Mathematics Education in Developing Countries 

But the lack of official recognition for that aspect of mathematics education did not mean that 

no work was being done. Since the 1960's there had been increasing interest in mathematics 

education in African and Pacific nations. The huge influx of "development aid" included 

regular visits by European mathematics educators, and resulted in a colonial version of 

mathematics (often transplanted intact from English or French curricula) being taught to 

distinctly different cultural groups. Gerdes (1993b) mentions the failure of the imported 'New 

Maths' curricula, and reviews the extent of this problem (Gerdes, 1986a, pp18-19). He cites 

the political importance of mathematics education for all in the Third World as particular pre-

cursors of the interest in culture. 
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Gay & Cole's (1967) work is the most well-known and often-quoted study in this area. They 

were interested in the logic of mathematical learning of Kpelle children in Nigeria. Others 

included Philp (1973), Lancy (1978) in Papua-New Guinea, and Deregowski (1980) in 

Africa. The thrust of this work was psychological: did African children think mathematically 

in the same way? Are Piaget's stages in mathematical concept formation truly universal? Do 

these stages relate to cultural knowledge? Do African children perceive diagrams as European 

children do? 

However, by the late 1970's this interest had developed into three further strands. Cultural 

differences in learning mathematics became to be seen in a wider context as part of culture 

itself. For example the influence of language became a focus. Three important seminars on 

language and mathematics were held in Africa in the 1970s: one in English in Nairobi 

(UNESCO, 1974) and the other two in French in Niamey (IPEM, 1977) and Abidjan (Toure, 

1978). A survey paper on the subject appeared in 1979 (Austin & Howson, 1979). This topic 

became a theme of ICME-4. 

A second strand was renewed interest in the 'mathematics' of cultural groups. Some 

anthropological studies existed (e.g. Menninger, 1969, originally published in German in 

1958), but now mathematics educators became interested in order to provide context and 

motivation for mathematics learning (e. g. Zaslavsky, 1973). 

A comprehensive reference source for all this material is a bibliography produced at the 

Centre for Studies in Science Education, University of Leeds (Wilson, 1981). For African-

based studies Gerdes (1992b) covers all the work of this period, plus more recent studies. 

The third strand was the 'Mathematics For All' movement - people concerned about the 

restricted access to mathematics by females, social, and cultural groups. Gerdes (1993b) 

mentions five international conference sessions in the period 1978-82 which focussed on 

socio-political themes: in Sudan (1978) (El Tom, 1979), Finland (1978), Denmark (1978), 

Peru (1981), and Suriname (1982). Some of this interest developed later into more active 

political approach to mathematics education (see Section 2.3 below). 

Ubiratan D'Ambrosio 

D'Ambrosio, Bishop, Ascher, Gerdes, Zaslavsky all published prior to 1984 when 

ethnomathematics was given its present meaning. Most of this writing is mentioned in the 

next section along with each author's subsequent contributions in the field. However, since 

D'Ambrosio's 1984 address is being taken as the starting point of ethnomathematics for the 

purposes of this thesis, the nature of his earlier work is considered in this preliminary review. 
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Much of D'Ambrosio's earlier work was published in Portuguese (and is not accessible to this 

author), and/or is concerned with his role as a science and mathematics educator in general 

terms, i.e. it deals with teacher training, science and mathematics curriculum and 

psychological topics (e.g. creativity) separate from a consideration of cultural influences, (for 

bibliographies of this material see D'Ambrosio, 1985b, 1987a, b & c, and 1991). 

D'Ambrosio was already, in the 1970s, a senior member of the International Congress on 

Mathematics Education (ICMI), and had undertaken a study for ICME-3 in 1976 on the 

overall aims of mathematics education (D'Ambrosio, 1979a). He was particularly interested 

in Third World countries (D'Ambrosio, 1979b), and combined this with his work in teacher-

education on developing a holistic, integrated approach to science and mathematics education 

(D'Ambrosio, 1981). This emerged as a paper for ICME-4 in 1980 (D'Ambrosio, 1983) in 

which mathematics curricula are reviewed using an holistic framework for evaluation. Not 

surprisingly many curricula are found wanting. 

D'Ambrosio's response to this analysis draws on his historical (D'Ambrosio, 1977) and 

theological background: it becomes necessary for him to explain the mechanisms of cultural 

oppression in mathematics and science education in order to initiate change. His goal is to 

improve relations between individuals and cultures (D'Ambrosio, 1984b): 

Science [including mathematics] may be, at the same time, an essential instrument in building up 
modern societies and a strong disrupting factor in cultural dynamics, as well as a strong instrument 
in the unbalancing factor which threatens the needed equilibrium between those who have and 
those who have not, which has to be achieved if we want to look at our species as behaving in a 
more dignified way than it has been in its long history. 

The keynote address (D'Ambrosio, 1984a) at ICME-5 was his opportunity to set up, in front 

of the international mathematics education community, a theoretical framework which would 

expose the inequity of present curricula and point to a means for improvement. 
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1.3 Later Writers 

The later writers on culture and mathematics are defined for the purposes of this thesis as 

those writing after D'Ambrosio's 1984 lecture at ICME-5 in Adelaide. In this lecture he 

introduced the word 'ethnomathematics' with its mathematics education denotation. 

(D'Ambrosio claims he first used the word in 1975 when discussing the role of Newton's 

ideas in calculus (D'Ambrosio, 1987d). Prior to the ICME lecture, 'ethnomathematics' referred 

to the anthropological field of the study of the mystic role of number in different cultures, or 

to mathematical techniques in the field of ethnology, for example using mathematical 

analysis to distinguish language structures. Since then the term has been used by many writers 

with varying meanings - it is the analysis of these meanings which takes up a large part of the 

following work. 

The main writers in this field are D'Ambrosio himself, Gerdes in Mozambique, Bishop from 

Cambridge, now working in Australia, and Ascher and Zaslavsky in USA. There have been 

some masters and doctoral theses in the area, notably Mtetwa (1991) in Zimbabwe, Vithal 

(1992) in South Africa, Pompeu (1992) in Brazil, and Abreu (1993) from Brazil (but still in 

England). Writers in the philosophy, politics and sociology of mathematics are also using the 

term, or writing about culture and mathematics in some sense. They include Ernest (1991, 

1994, 1995) and Lerman (1992) in England, Fasheh in Palestine (1982, 1991), Frankenstein 

in USA (1989), Mellin-Olsen in Sweden (1987), and Restivo in USA (1992, 1993). There is 

now an acknowledged connection between mathematics and culture in publications from the 

academic mathematics community, not just from mathematics educators, see, for example, 

White (1993) in USA and Sinha (1993, p7) in India. In addition several writers in the field of 

cognition and the psychology of mathematics are touching on cultural issues. For example 

Carraher (1991), Saxe (1988, 1990) and Schliemann (1989). Much of the current literature in 

ethnomathematics is referenced in the Newsletter of the International Study Group on 

Ethnomathematics. 

Of course most of these writers are active in more than one of the fields mentioned above, 

and it is not intended that clear distinctions are drawn between writers or sub-disciplines. 

Ubiratan D'Ambrosio 

Ubiratan D'Ambrosio is the most prolific of the modern writers on ethnomathematics. For a 

period of ten years, he has written regularly and explicitly on the subject of ethnomathematics 

(and ethnoscience). His writing precedes 1984 (see Section 1.2) and continues to date. His 

influence is detectable in almost all of the other writing on ethnomathematics, and writers 

outside the field usually refer to his work. 
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It is not surprising, therefore, that something of D'Ambrosio's work can be located in almost 

every area of the Intentional Map. The majority of it is located in the sociological and 

anthropological dimension between society and mathematics. His early model of human 

behaviour (1984a) is a model of that dimension, although he uses examples from cultural 

mathematics as illustrations, and later papers (1985b & c) explicitly deal with the dimension 

between society and mathematics education. However he returns again (1985c) and again 

(1987a & c) to address the sociology and anthropology of mathematics itself. In recent years 

he has increasingly used his model to analyse the way in which mathematical knowledge is 

colonised (1987b) and how it rationalises social divisions within society and between 

societies, i.e. on the political aspects of the topic (especially 1990 and 1991). His later work 

also refers to the educational implications of this analysis and to the nature of a cultural 

mathematics curriculum (1990), linking it to literacy (1993) and to a research programme 

(1989, 1992a & 1994). 

D'Ambrosio is difficult to locate on the Map of Individual Context. This is partly a result of 

the personal changes which have happened over the extended time during which he has been 

writing in the area, and is partly a result of the diverse and international interests which he has 

come to represent. He is a leading figure in the American scientific/technological intellectual 

community, and holds a prominent place in the international mathematics education scene. 

Nationally he is one of Brazil's foremost academics, and, during the height of his academic 

career, became one of the repositories of national expectations generated by the international 

reputation of Paulo Freire. His personal academic background includes being Director of 

Graduate Studies in SUNY (Buffalo, USA), and leadership of a UNESCO team in the 

Republic of Mali (D'Ambrosio, 1992a), before returning to establish and lead science 

education, as Dean and then Director, at UNICAMP, the University of Campinas. He has, 

however, studied theology and history as well as science. 

D'Ambrosio's socio-political environment is strongly influenced by the social pressures of a 

populous South American nation with critical economic problems and resulting social 

inequities. Much of his writing is concerned with the way these inequities are continued by 

academic hegemony (especially 1985a and 1990). Yet his personal environment is at the peak 

of the academic hierarchy, and as an active member of the international intellectual 

community. The rationale for his writing is seated in classical historical writings, and modern 

sociological analysis. For example, (1985c), he traces divisions within mathematics through 

Greek and Western thought, and, (1987b), uses Feyerabend to analyse the dynamics of 

mathematical colonisation. 

This dichotomy between the immediate social environment and his academic vocation is also 

apparent in his educational positions. Being a contemporary of Paulo Freire, and sharing his 

origins, inevitably implies an orientation to educational issues which incorporates social 
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equity and the legitimation of the perspectives of ordinary people (see 1985a and 1987b). 

However the university environment of his vocation, gives a focus on a research programme 

(1985c) and theoretical resolution (1987c) of this situation, rather than a Freirian critical 

pedagogy. It is often difficult to determine whether D'Ambrosio's pedagogy: 

a) seeks to displace the mathematical power group and liberate students from it ("there is no 

absolute superiority among ... individuals", "ethnographic methods appear to be appropriate 

practices if we want to bring [mathematics] into schools", "the teacher ... never adopts an 

arrogant, imposing, authoritative attitude" (1990)); or 

b) is based on a new version of academic autocracy ("we then propose a history of 

mathematics [which] entails an investigation into pre-colonial practices [and] a critical 

analysis of the transfer of mathematical thought from one cultural group to another" (1989); 

or 

c) proposes a narrative (in the sense of Lyotard) which acknowledges the changing 

epistemology of mathematics and the dynamic nature of future mathematical investigation 

("more attention should be paid to ... mathematics as an epistemological system with its 

specific dynamics, and in its socio-cultural and historical perspective" (1990), and "[we 

should encourage studies on] the evolution of mathematical practices within a cultural and 

anthropological framework" (1991) 

It is probably a combination of all three, but note that a) and b) are contradictory in that 

whereas the first is open with respect to curriculum and methods, the second implies that 

there is a particular critical analysis which is valid and should be taught. This source of 

conflict in the writing should be noted. 

D'Ambrosio's philosophical orientation is clearly relativist (personal communication, 1993): 

My view is that if we could return to the XVI century and give another 500 years to Inca Science 
to develop, as Western Science had, something unthinkable, not even foreseen by science fiction 
writers, might have been achieved in that culture - and yet they would have nothing like imaginary 
numbers or differential equations in their systems of explaining and dealing with the world. 
Maybe the West - the Mediterranean basin cultures - in choosing from the beginning such tracks 
that lead us to current Science (imaginary numbers, differential equations and so on) took the 
wrong route, which is irreversible and this explains the approaching abyss. When following the 
"yellow brick road" we did not follow the advice of some wise scarecrow and chose the wrong 
road. 

Although he rarely refers explicitly to these views, they can be inferred from some passages, 

e.g. (1985c, p47) where he states that schooling replaces cultural practices by "other 

equivalent practices" which have acquired the status of mathematics. He goes on to express 

his contention that the original practices can be identified as a structured body of knowledge 

(indeed, that is the task of ethnomathematics), and therefore legitimised as mathematics. 
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Throughout his writing, D'Ambrosio considers mathematics proper to be more encompassing 

than the academic subject taught in educational institutions. It is the liberation of mathematics 

from its academic straightjacket that he sees as the key means to emancipatory education. 

Ethnomathematics is his mechanism: it refers to "the history and philosophy not just of 

mathematics, but of everything" (D'Ambrosio & Ascher, 1994, p43). 

Paulus Gerdes 

Gerdes is the next most prolific writer in the area of culture and mathematics. Based in 

Mozambique, Gerdes began writing soon after the revolutionary government of Samora 

Machel took over from the Portuguese. The realities of living and working in a country 

recovering from severe colonial oppression have affected both the subject of his writing and 

the orientation Gerdes brings to it: compared with D'Ambrosio's theoretical approach, Gerdes' 

work is both practical and politically explicit. 

On the Intentional Map, Gerdes is located much closer to mathematics education than to 

mathematics. In particular, his early papers (1981, 1985, 1986a & b) are directly concerned 

with elaborating the importance of the social politics of mathematics education. They discuss 

strategies by which mathematics education can serve people in a liberatory way. His 1988 

papers (a, b & c) move into the area of cultural curriculum, and then, in 1989, he begins to 

write about the mathematical politics of the curriculum and the cultural nature of mathematics 

itself. His work on Tchokwe sona drawings (1990, 1991a, 1991c) is more mathematical still, 

and draws on his own purely mathematical work, although all his writing contains references 

to his early work on the underlying educational purpose of mathematics education in 

Mozambique. There is also a paper on the history of mathematics (1992b) which is firmly 

located in the cultural mathematics section of the map. Recent publications include edited 

booklets (1994a; Gerdes & Bulafo, 1994) of the work of students and lecturers contributing to 

an ethnomathematical theme as part of the Masters Program in the Teaching of Mathematics 

and Physics. He has also produced overviews of ethnomathematics (1993b; 1994a). 

Thus Gerdes has written on all the dimensions of the map associated with mathematics 

education, moving from the links with society earlier, to more mathematical material later. 

His book (1993a) attempts to link the two, developing a use of the term "ethnomathematics" 

as describing a movement or research direction which is motivated by particular socio-

political aims, e.g. to contribute to the mathematical awareness of colonised people, or to 

draw attention to mathematics as a cultural product (cf D'Ambrosio, 1992a) 

On the Individual Map, Gerdes is immersed in a particular socio-political environment, that 

of post-colonial Africa. It could be even more strongly portrayed as revolutionary Africa: 

Mozambique (along with other Portuguese colonies) suffered under oppressive colonial 
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regimes, saw intense guerilla war (Frelimo), and was thrust suddenly into revolutionary 

government. Since then it has been involved in on-going revolutions on its borders 

(Zimbabwe and the Republic of South Africa) which have exacerbated already difficult 

economic problems. Gerdes is clearly personally committed to the successful emergence of a 

modern revolutionary society in his country. His positions in the Higher Pedagogical Institute 

(the teacher training organisation) and now Dean of Faculty of Mathematical Sciences at 

Eduardo Mondlane University, have placed him in the forefront of reconstructing the 

educational system which is recognised (both by Gerdes himself and by the government) as 

vital to the social aims of the nation. 

Much of Gerdes' work is closely related to practice in the field. Since there were only two 

trained teachers of mathematics at Independence in 1975 (1990a, p5), Gerdes will have 

personally taught nearly all of the mathematically trained teachers who are now working (see 

1981). He has set up several mathematical infrastructures: an Olympiad organisation since 

1981, a teacher organisation (Mozambican Association of Friends of Mathematics (AMAM)), 

and a journal on mathematics education (TLANU). The proceeds of sales of the booklets 

published by his Ethnomathematics Research Project (Mozambique) (e.g. 1991a, 1994b, 

1994c) are directed into resources for teachers. Gerdes has extended this influence beyond 

Mozambique, into the Politics in Mathematics Education conferences in 1989 and 1993 in 

South Africa, and as an active leader in the African Mathematical Union. It is noticeable that, 

on a personal level, such activities take priority over, for example, attendance at ICME-7 in 

Quebec in 1992. 

Gerdes makes two other points regarding his Individual Context (Personal Communication, 

1992): 

Note that when you are analysing my work and that of Ubiratan D'Ambrosio, you are analysing 
work published in English, that gives only a partial idea of our views and experiences. Most of our 
publications are in Portuguese; D'Ambrosio wrote the "Preface" and "Introduction" to some of my 
books and edited a collection of my papers (BOLEMA, 1989). D'Ambrosio and I have been 
working closely together since the mid 70's and our views are rather convergent/complementary. 

Gerdes' educational philosophy is also tied up with this socio-political environment. An early 

paper (1988c) is dedicated to Samora Machel, and quotes his statements on colonisation and 

the role of education in cultural rebirth. The educational philosophy behind his use of 

ethnomathematical ideas is clearly stated in several papers (1981, 1985, 1988b, 1991a & b). 

The recurring theme is one of (1988c, p139-40): 

cultural-mathematical reaffirmation ... which encourages an understanding that our peoples have 
been capable of developing mathematics in the past, and therefore ... will be able to assimilate and 
develop the mathematics we need. 

Thus the idea is established that mathematics does not come from outside (the colonial 

message), but from within a culture. 
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It is interesting to note the divergence from Freirian educational philosophy here. During the 

post-Independence period, Freire was working in another ex-Portuguese African colony, that 

of Guinea-Bissau, on their literacy education. In Mozambique not only was the education 

infra-structure more developed (30 000 in primary schools before the end of the war (1981, 

p459)) but the country was closer to (and dependent upon) the highly developed commercial 

and trading centres of Johannesburg and Pretoria. All through this time Maputo was the port 

for their goods. Thus politically, the people-centred philosophies of Freire were moderated by 

recognition of the vital economic need for commercial and technical expertise of a 

conventional Western kind. Gerdes' views on mathematics, then, reflect this need. Although 

he is motivated by a desire to develop a mathematics education which will come from the 

people, which will be 'owned' by them, the ultimate aim is to "facilitate the assimilation of 

world mathematics" (1988b, p20) through building bridges between it and ethnomathematics. 

Another component of his educational ideology is his concept of a 'cultural blockade'. This is 

related to D'Ambrosio's 'psychological blockade' but refers specifically to the process of 

colonisation, one of the components of which was the 'folklorizing' of culture, i.e. (1988c, 

p139): 

reducing it to picturesque habits and customs. ... In the case of mathematics [it] was presented as 
an exclusively white men's creation and ability [and] the African mathematical traditions became 
ignored or despised. 

Gerdes sees mathematics education partly as a power play by which one set of values is 

imposed over another. He would like the values and traditions of the Mozambican people to 

be the ones which are promulgated in mathematics education. This desire is a component of 

his philosophy of mathematics education. 

Gerdes' philosophy of mathematics is not explicitly stated in any of his writing, however 

some aspects of his view can be inferred from his descriptions of 'world mathematics'. His 

statement (1988b) that world mathematics is the union of all possible ethnomathematics 

implies a universal and acultural view of mathematics while retaining a possible value-laden 

and cultural component to the use of mathematics. But Gerdes does not say how this union 

comes about. By what means are the values and cultural parts stripped out to produce a 

universal product? A possible solution to this is his later statement (1993b) that "every culture 

develops its own particular mathematics, but that mathematics is considered to be a universal, 

pan-cultural activity". If mathematics is an activity, rather than a set of results, then it is 

possible to ascribe a more relativist stance: 'mathematics' refers to the collection of a 

particular set of activities, these activities can only be interpreted through a particular world 

view, i.e. that of one's own culture. For example, Gerdes is free with his use of notations, 

conventions and descriptions derived from his more Western mathematics background to 

describe his investigations into the cultural mathematics of weaving or sona drawings. If 
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mathematics must always be culturally viewed, then there is no universal aspect which can be 

regarded as being free of value or culture. 

Gerdes' use of the idea of mathematics as an activity gets around some of the problems of a 

relativist philosophy, but other problems remain. For example the concept of mathematics as 

a category of activity in any culture is a Western idea. Other cultures do not recognise 

'mathematics' as separate from some other aspects of their culture - it cannot be isolated out. 

How, then, does the union of all ethnomathematics come about? Does it include all the other 

parts of other cultures which are regarded as inextricably linked? If not, then the Western idea 

of mathematics is being adopted, which is another expression of ideological colonialism. 

However Gerdes' view of mathematics and ethnomathematics does allow him to discuss the 

changing nature of mathematics, and to recognise that different values can be incorporated 

into mathematics itself, as well as into mathematics education. It is this aspect of the subject 

which is related to his socio-political agenda, and which ties in with the next writer to be 

considered. 

Alan Bishop 

Alan Bishop has come to the cultural area through the psychology of mathematics education. 

He therefore does not write about ethnomathematics directly. His work in the field has 

concentrated on the nature of the culture of mathematics itself and how it is acquired, and, 

recently, how cultural conflict plays itself out within mathematics and mathematics education 

(1992b). Thus he takes mathematics as a starting point and looks at how culture interacts with 

that, rather than the other way around. 

On the Intentional map, we might expect him to be writing about mathematics, but he would 

probably consider himself to be theory-building for investigations into mathematics learning 

(1987; 1988b; 1992c). His book (1988a) Mathematical Enculturation is an analysis of the 

way in which mathematics education inculcates particular values and ways of doing things. It 

is motivated by an observed sterility in mathematics education which, Bishop argues, can be 

fought by a recognition of the wider cultural role played by mathematics. In terms of the 

Intentional Map which has been drawn, most of his writing is associated with Mathematics 

Education, although his orientation is encompassing of the other parts of the diagram: he is 

writing about what he sees as the relationship between mathematics and society from the 

mathematics education point of view. 

On the personal map, Bishop is a well-known international academic. From the traditions of 

English universities, he has for many years been in the forefront of mathematics education as 

it has developed as a discipline over the last twenty years. In particular he has played a 

leading role in developing the international mathematics education community through ICMI 
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(the International Commission on Mathematics Instruction), has been the chief editor of one 

of the leading journals, has written in many areas of mathematics education (e.g. 1982b; 

1985b; Bishop & Nickson, 1983), and has researched in many countries in the world, 

including New Guinea (1979; 1982a) and Australia. It is this research which led him into 

consideration of cultural issues, and his present position in Australia provides an active 

mathematics education environment which is intimately concerned with the role of culture in 

mathematics education. 

Thus his position in the Map of Individual Context is as an international academic from 

British traditions, attempting to work beyond national or particular cultural boundaries 

(although he is, of course, aware of the impossibility of this on a personal level). His 

educational paradigm is traditional in the sense that he sees his task as developing theory and 

research to inform practice (cf a more political orientation which seeks to develop theory and 

practice to inform research). However, in this, he is constantly pushing the accepted 

boundaries and definitions in the field (1992a) and is eclectic in his use of research 

paradigms. 

Bishop's philosophical orientation is more difficult to identify because of the eclecticism of 

his writings. In his 1992 MERGA paper (1992c) he declares himself a constructivist in his 

educational philosophy, basing this on the psychology of George Kelly. An important aspect 

of this position for Bishop is the self-reflexive aspect of knowledge - a need to continually 

challenge one's own constructs. This philosophy is the basis of Bishop's position on research, 

for example, where he seeks to identify constructs and then challenge them, rather than take 

up a particular position himself. This, it could be suggested, is how he perceives an 

academic's role. 

With regard to mathematics itself, Bishop argues a pan-cultural position (1988a, Chpts 1&2). 

Mathematics is an activity, like art, religion or music which exists in some form in all cultures 

and can be recognised by everyone. A particular variant of mathematics has been developed 

by various societies, and it now carries particular values. Mathematics has a multicultural 

past: "Mathematics is therefore not just a subset of all the mathematics which different 

cultures have developed, it is a particular line of knowledge development which has been 

cultivated by certain cultural groups until it has reached the form in which we know it today" 

(1988a, p57). There is, he claims, a choice of mathematical culture. The universality of this 

mathematics comes from confusing the universality of mathematical truths with the culturally 

bound reasons for developing and using these truths. Bishop wishes to make the distinction 

that mathematics education is, unlike mathematical truths, personally dependent.  
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Marcia Ascher 

Marcia Ascher is an American academic living and working in Upstate New York. Ascher's 

book (1991) is the most comprehensive single publication on ethnomathematics. It was 

preceded by a joint contribution with her husband Robert to History of Science (1986). She 

has, with D'Ambrosio, edited a special issue of For The Learning of Mathematics on 

mathematics education and culture. 

On the Intentional map Ascher is placed firmly in the area of cultural mathematics, while 

acknowledging the political implications of her writing for society and for education. The 

first sentences of her book are (1991, p1): 

Let us take a step toward a global, multicultural view of mathematics. To do this, we will 
introduce the mathematical ideas of people who have generally been excluded from discussions of 
mathematics. 

Her book is an analysis of several examples of these mathematical ideas: number systems, 

kinship systems, navigation systems, design characteristics and game analysis. She is careful 

to explain that 'mathematics' is a Western category, so it only makes sense to discuss the 

mathematical ideas of other cultures, acknowledging that these ideas are embedded in other 

categories. 

In a special issue of For The Learning of Mathematics, Ascher and D'Ambrosio record a 

conversation about their views of ethnomathematics (Ascher & D'Ambrosio, 1994). In this 

she further elaborates the key concept of 'mathematical ideas' (which she originally thought of 

as "implicit mathematics"): "those ideas [which] have to do with number, logic, and spatial 

configuration, and, very important, the combination or organization of those into systems and 

structures" (p37). This concept arose from her work on the quipu (1981) where she 

discovered that examining these artefacts from a mathematical point of view led to a 'reading' 

of the culture from which they emanated, quite separate from the 'mathematics' which was in 

them. 

Ascher does, however, come to her idea of ethnomathematics from two different points of 

view. On the one hand there is the global 'reading' of a culture which is implicit in the 

mathematical ideas exhibited within it, i.e. mathematical ideas which transcend practical 

problems; and "at the same time as we value the aspect of mathematics that transcends daily 

problem-solving, we should recognize the value of daily aspects" (p42), e.g. the geometric 

visualisation of the weaver expressed through actions and materials. As she puts it earlier in 

this same article: "the carpenter definitely is dealing with a mathematical idea; the 

mathematician who [arbitrarily decided to trisect an angle only with ruler and compass] was 

dealing with an idea. They are both important, but they are different. And, they are linked." 

(p38) 
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In the final chapter of her book (1991, pp185-195) Ascher presents an essay on 

ethnomathematics, and is explicit about the purpose of her work. Her first purpose it to 

broaden the history of mathematics to include a multicultural and global perspective, thereby 

modifying some of the current conceptions of the subject: in particular the notion of linear 

development of abstract mathematical thinking. This involves recognising that, even within 

our own culture, mathematical ideas exist in different contexts and are not the exclusive 

property of a select, self-defined few. A consequence of this will be increased understanding 

of diverse cultures, thus increasing our understanding of our own: shedding light on the 

assumptions we make and illuminating that which makes our culture distinctive. In addition, 

focussing on mathematical ideas as distinctly human constructs helps us understand what it is 

to be human. 

The intention of the label 'ethnomathematics' is, for Ascher, to indicate an interest in a 

broader realm than just the subject mathematics, but to include mathematical thinking in 

whatever context it occurs. The word also indicates that context is essential when dealing 

with these ideas (1991, pp191-2): 

...we believe that traditional history has been limited to a singular expression within this 
worldwide panorama and, even when referring to other cultures, has done so using the viewpoint 
and bias of Western culture. ... Eventually, perhaps, there will be no need for the distinction 
between history of mathematics and ethnomathematics. For now, there is, because our studies 
require a different point of view that raises different questions and requires different 
understandings and different approaches. 

Ascher acknowledges two aspects of ethnomathematics: one is seeking understanding of the 

relationship between mathematical ideas and culture; the other is how to modify mathematics 

education to incorporate these ideas. These two aspects share a broader view of mathematics 

unrestricted to particular groups, but they differ in that the latter depends on clarifying the 

goals of education. 

With regard to this latter aspect, Ascher recognises that much of mathematics education 

carries Western assumptions and values, and thus those from other cultures experience, at 

best, alienation from their culture, and, at worst, debilitating failure. She regards the majority 

of concerned mathematics educators as being "interested in modifying mathematics education 

so that it can effectively build upon and reinforce diverse cultural traditions" (1991, p195). 

This involves questioning educational goals in general and the place of mathematics 

education. She has a particular interest in adult education, and perceives an opportunity, not 

for a replacement of mathematics as it is now taught in schools, but for a broadening of the 

concept of mathematics to take advantage of the more holistic interests and motivations of an 

older age-group. While acknowledging the source of much of this questioning as arising from 

the politics of developing nations, Ascher's own interest is in the way this study can 

contribute to the recognition and development of her own multicultural society. 
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This interest in the multiculturalism of her own society is a reflection of Ascher's position on 

the Individual map. She is an academic mathematician from the North American tradition. 

She has developed links to anthropology over a long period with collaborative work. Her 

writings reflect the extensive literature on language and thinking present in North America, in 

particular concerning American indigenous people from the Inuit to Navajo. She is also the 

co-author of a definitive study of the Inca quipu. 

Ascher is active in the international group of mathematics educators, particularly on cultural 

issues. She has had close ties with D'Ambrosio since the mid-eighties. The nature of her work 

in ethnomathematics draws heavily from sociological, anthropological and archaeological 

research. This orientation, and her writing, are sufficient to imply a relativistic philosophical 

stance (1986, p140): 

As time passed, our culture and world view gave rise to different philosophies of mathematics, 
none of which seems quite satisfactory now. An understanding of what is universal and what is 
not, a better understanding of the mathematical ideas of nonliterate peoples, and acceptance of the 
fact that they are not our early history are essential to the emergence of a philosophy of Western 
mathematics fitting our times and our culture. 

She argues that there is a difference between ethnomathematics and the various ethnosciences 

because the ethnosciences focus on the way different cultures conceptualise and interact with 

physical objects in the environment (1991, p193): 

If we took the Platonic view that the objects of mathematics are there for the discovering, then the 
extension to ethnomathematics would revolve around these objects. 

Ethnomathematics is about phenomena of a different type, namely mathematical ideas, such 

as the creation and elaboration of orderly structures and the relations within them. Ascher 

recognises the 'Standpoint Difficulty', namely that, if we regard mathematical ideas as 

conceptualised within cultural constructs of a social group, then it is impossible to ever fully 

understand them unless the observer is a part of that social group. This is because the 

constructs of the observer will get in the way of seeing how those mathematical ideas are 

conceived. 

This does not mean that it is pointless to pursue such understanding. Indeed, it is the dialectic 

so created which contributes to valuing other mathematical ideas and reaching cultural 

understanding. Ascher's approach to this problem forms the basis of the definition of 

ethnomathematics developed in this thesis (see Section 4.1). 

Claudia Zaslavsky 

Claudia Zaslavsky is another North American who has more of an educational focus. An 

experienced secondary mathematics teacher, she compiled a book (1973) on the mathematical 

practices of African people. Zaslavsky (1994) details the motivation for writing Africa Counts 
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as arising from 1960's demands by Afro-American students for African studies programmes. 

Her subsequent enrolment in a course in African history led to a lengthy and comprehensive 

academic investigation into African mathematics, and she began work on producing 

classroom materials (1987). A year's sabbatical in 1990 provided the opportunity to trial 

much of this work in schools (see 1991). This writing places her on the Intentional map in the 

Cultural Curriculum area.  

In her 1994 article, Zaslavsky explicitly asks why it is important to introduce 

ethnomathematical perspectives into the mathematics curriculum. The six reasons she cites 

are: 

a) much mathematics originated in Africa and Asia; 

b) students from different backgrounds should take pride in the achievements of their 

people; 

c) students must realise that mathematics arises out of real needs and interests of human 

beings, and realise its importance in their own lives; 

d) mathematics education should recognise students' own experiences; 

e) it is now recognised that a multicultural and interdisciplinary approach to mathematics 

education can be pedagogically beneficial; and 

f) mathematics education should help students take action on societal issues. 

From earlier writings, it may be inferred that Zaslavsky was aware of a), b) and c) early; that 

d) is a general pedagogical principle recently recognised as a justification for 

ethnomathematical perspectives; that recognition of e) is largely a result of her own work; 

and that f) is a recent view born of the liberal pedagogies of the 1980's. She asks why young 

women and minority-group students are less likely to continue their study of mathematics that 

white males. "I wondered whether a cultural approach might attract those students [of 

colour]" (1991, p9). Her programmes have had success in arousing the interest of students 

from other cultures, and she continues to work on producing multicultural materials for the 

classroom (1993). 

On the Individual map, Zaslavsky is oriented to a liberal view of American public education 

(another similar writer is Gilmer (1988; Gilmer et al, 1992)). Zaslavsky is concerned that 

education be inclusive and that mathematics education has developed into a particular 

stereotype. She expresses some contempt for this stereotype in terms of its effects on 

students, but does not construct an alternative view of mathematics, except to suggest a 

notion of an African mathematics curriculum based in traditional practice (1991, p12): 

Alas, African school curricula are generally modelled on those of the United States and western 
Europe, to the neglect of their own cultural heritage. 
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David Mtetwa, Renuka Vithal, Geraldo Pompeu & Guida de Abreu 

Four writers are chosen to represent different recent contributors to ethnomathematical 

writing. For a complete survey of recent writers see Gerdes (1993b, pp14-26). These four 

scholars are all from developing nations or disadvantaged cultural groups within a developed 

society. All writers left their countries to gain higher qualifications in Western nations, and 

three have returned to take up academic positions. Mtetwa is Zimbabwean and gained his 

PhD in America, Vithal studied at Cambridge and has returned to the University of Durban-

Westville in South Africa. Pompeu also studied at Cambridge and has returned to the Catholic 

University of Campinas in Brazil. Abreu is still in England, at Luton University, working in 

psychology. 

In other countries there are similar writers (either from the indigenous population or from 

oppressed groups), but few have reached academic positions, or gained formal qualifications 

in mathematics education specifically. Of course, indigenous educators are few and far 

between in situations of cultural renaissance, by definition. Thus an educator who has 

specialised to focus on mathematics, and who has the time and resources to write about it 

theoretically, is likely to be extremely rare. 

Mtetwa has the advantage of a formal university education and the current support of a 

university position in Harare. He studied mathematics in the UK after succeeding in the 

colonial education system of Africa, and, after working in Swaziland as a lecturer in 

mathematics, recently completed a PhD in mathematics education in America. He has 

returned to his native Zimbabwe to work in an environment of reconstruction as a 

mathematics educator. 

Thus, on the Intentional Map, his vocation rests between Society and Mathematics Education, 

and his particular writing in the areas of Cultural Curriculum and the Anthropology of 

Mathematics Education. He has conducted a study into the perceptions of Zimbabwean 

school children about traditional mathematics, and how it relates to school mathematics 

(Mtetwa, 1992). 

On the Individual Map, Mtetwa mixes a socio-political environment of post-colonial Africa 

with an educational paradigm and philosophical orientation with roots in England and 

America. Thus a search for nationhood and working towards an educational system free from 

colonial legacies is competing with a personal view with Western origins. His view of 

ethnomathematics reflects this dichotomy. 

Vithal comes from a teaching background, and now works in the Faculty of Education at 

Durban-Westville after completing an MPhil at Cambridge. Her dissertation (1992) dealt 

directly with the construct of ethnomathematics and its implications for curriculum thinking 
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in South Africa. She has recently begun working with Ole Skovsmose on how 

ethnomathematics and critical education come together in the South African context. 

Vithal came to ethnomathematics because it seemed to explain some of the poor 

performances in South African mathematics education in a new and useful way (personal 

communication, 1995). As a mathematics educator responsible for pre-service training, she 

was concerned predominantly with implications for the classroom and with restructuring the 

curriculum, but found difficulty because any critique of ethnomathematics was easily 

misinterpreted as a critique of the culture. 

Pompeu studied with D'Ambrosio in Brazil before doing a PhD at Cambridge with Alan 

Bishop. His commitment is to education in Brazil and his approach is in the same mode as 

that of D'Ambrosio. (Two other writers mentioned in this work who have been D'Ambrosio's 

students are Borba and Knijnik (Gerdes, 1993b)). 

Abreu is different from the above three scholars in that her field is academic psychology, 

whereas the other three are concerned with education at the teacher training level. Abreu is 

also from Brazil, where she worked on a government programme introducing new 

technologies to sugar cane farmers (Personal Communication, 1996). This alerted her to the 

neglect, in formal education, of the unique ways of knowing of non-schooled people. This led 

her to a Masters in cognitive psychology, but with a particular interest in mathematics. She 

worked in Brazil with the Carrahers and Schliemann in Recife before going to UK, to do a 

PhD at Cambridge, also with Alan Bishop.  

One of the Carrahers (now called Nunes) is also in England and works on the borders 

between psychology and ethnomathematics (Gerdes, 1993b). 

Other Writers 

With one or two exceptions, the other recent writers who deal explicitly with 

ethnomathematics fall into two broad groups. These writers are discussed as groups because: 

a) they have produced much less work on ethnomathematics than the major writers mentioned 

above; and, b) their writing in this area is largely as part of their participation of particular 

subgroups within in these two categorisations. 

The first group is that of liberal, socially concerned mathematics educators from (mostly) 

European backgrounds. The second group consists of mathematicians who are being drawn in 

to discussing social issues in their subject. The two groups sometimes overlap. 

Within the first group it is possible to identify several formal subgroups: the International 

Study Group on Ethnomathematics (ISGEm); the Critical Mathematics Group (both mainly 
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USA); the Radical Statistics Group; the Group for Research into Social Perspectives of 

Mathematics Education (RSPME) (both mainly Britain); and the Political Dimensions on 

Mathematics Education group (PDME) (a more international gathering). Several international 

conferences have standing working groups in ethnomathematics and/or social or political 

issues (and have had these as conference themes in the recent past), e.g. International 

Congress of Mathematics Education (ICME), Mathematics Education Research Group 

Australasia (MERGA), International Study Group on the History & Pedagogy of Mathematics 

(HPM). 

The writers in this first group are generally positive in their attitude to the role of culture in 

mathematics. For example Abraham and Bibby (1988) in England, Frankenstein and Powell 

(1989) in USA, Borba (1990) and Knijnik (1993) in Brazil, and Skovsmose (1994) and 

Mellin-Olsen (1987) in Scandinavia are concerned with mathematics education as an 

important force for social change, and wish to encompass the role of culture within that. 

Many in this group work directly with minority groups in developed countries and are 

seeking to provide social justice through mathematics education. Much of the writing calls on 

the critical education ideology of Paulo Freire. 

The second group consists of writers who are theoretical mathematicians, but who are being 

drawn into mathematics education. Their intention, broadly expressed, is to describe their 

subject so that it may be better represented in schools. In general they are willing to 

acknowledge some aspects of the social history of mathematics, but usually are advocating 

considerations of cultural or social issues so that mathematics will be more attractive to 

students. 

An example of writing in this genre is the recent publication by the Mathematical Association 

of America (White, 1993). This book of essays "illustrate and help to define humanistic 

mathematics" (White, 1993, vii), i.e. mathematics as an Art in C. P. Snow's sense (1959). The 

book contains a wide range of views, from D'Ambrosio, Davis and Hersch (well-known for 

their major work, 1981), to a contribution by Grant (1993) which, although entitled 'A Sketch 

of the Cultural Career of Mathematics', does not mention Chinese, Hindu, Egyptian, or Arabic 

periods or contributions in the development of mathematics. 

D'Ambrosio stands out in his contribution to this volume (1993) as coming from a different 

direction, namely as advocating a change in mathematics itself (as taught in schools) based on 

theorising about cultural aspects of the subject. He traces the origins of the movement for 

humanistic mathematics from two directions: one from a "desperate effort to keep 

mathematical hegemony in the school curricula", and the other from a "natural reaction to 

over-specialization in doing and teaching mathematics." These express the general concerns 
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which mathematicians might have of the subject, and can be compared with the more political 

agendas of the former group. 

Writers falling outside these two groups include Borba (1990) and Knijnik (1993) who write 

from Brazilian experience and research with indigenous or peasant groups. Their intentions 

and context may be paralleled with that of Mtetwa and Abreu above, in a South American 

context. 

Finally, mention should be made of G. G. Joseph. He, more than any other, has brought to the 

attention of mathematicians and mathematics educators the Eurocentrism of the current 

conceptions of mathematics. His book and other articles (1987; 1992; 1994)) argue that maths 

is not Western-European, and that the rational, proof-oriented maths we now have is a result 

of European political dominance. He describes other paradigms for mathematics (which 

historically gave rise to much of what is now recognised as mathematics) and which are just 

as valid. Joseph's motivations can be seen as an expression of political justice (1991), but his 

attack is directed at how mathematics develops as a universal subject, rather than towards an 

appreciation of several cultural views. 

This view of the later writers on ethnomathematics has attempted to indicate their position on 

the Intentional Map and the Map of Individual Context. Some of the writing itself has been 

described to illustrate the way in which the background motivation and context affects the 

emphases and uses of cultural concepts in mathematics. The introduction to the writers has 

been done in order to set the scene for an examination of the concept of ethnomathematics as 

it appears in writing in the period 1984-1994, and to explain differences in the writing using 

the positions of the writers on the Maps 

The next section considers three key questions about the concept of ethnomathematics: what 

is its content; how is it related to mathematics; and how is it related to mathematics 

education. 
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1.4  What is Ethnomathematics ? 

Having set up two frameworks and located the main writers on them, it is now possible to 

review the literature in depth by focussing on the following three questions about 

ethnomathematics. What is the nature of ethnomathematics? What is its relationship to 

mathematics? What is its role in mathematics education? In my view, the way in which each 

writer approaches these questions is related to their position on the Map of Intention and the 

Map of Individual Context. It will be seen that congruences between authors lie where their 

positions overlap, and that contradictions lie where they occupy different places. 

The Nature of Ethnomathematics 

The first question is about the nature of ethnomathematics. Is ethnomathematics a collection 

of practices, is it a body of knowledge, is it an academic study, or is it a research programme? 

Each of these claims have been put forward at some stage by at least one of the main writers. 

It will be seen that, in general, the stated nature of ethnomathematics has shifted from its 

initial conception as being the mathematical practices of particular cultural groups, through 

the idea of it being a body of knowledge, towards the current view of an academic study. 

D'Ambrosio 

Cultural Practices or A System of Knowledge? 

D'Ambrosio, from the beginning of his writing on ethnomathematics, has used several 

different meanings of the word. His original paper (1984a) defined ethnomathematics as the 

way different cultural groups mathematise (count, measure, relate, classify and infer). This is 

done using practices, knowledge, jargons and codes which are distinct from those of other 

cultures (defining 'culture' very broadly). The implication is that ethnomathematics 

constitutes culturally specific practices: however, the examples given of practices from 

Amazonian Indian society are referred to as 'bodies of knowledge'. Each practice (e.g. boat 

construction and weaving sieves) is "taught, perfected, and reflected upon" (1984a, p6). 

There is an ambiguity here because a practice is of a different type compared with a body of 

knowledge. The former is an act or a habit, the latter is a shared awareness. Furthermore, a 

practice is located in individuals, whereas a shared body of knowledge is held amongst a 

group. D'Ambrosio is not clear about whether he is referring to the process of building a boat 

or to the set of techniques implied by the finished construction. In the sieve example, 

D'Ambrosio speaks of the language of the geometrical code in the design of the baskets: but 

is ethnomathematics just the use of this language, or must it involve a reflection upon the 
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language? In several of his later writings, D'Ambrosio concentrates on this dynamic evolution 

of a systematic body of knowledge, rather than the knowledge itself. 

The first mention of an academic field of study occurs in (1985a) where D'Ambrosio makes a 

distinction between the anthropology of mathematics which aims to "investigate research 

methods on absorbing and understanding ethnomathematics" (p475), and ethnomathematics 

(which is undefined but may be taken to be as above). 

In his 1985b paper he mentions "mathematical practices which differ essentially from one 

cultural group to another in so far as the local language codifies popular practice and the daily 

needs and uses of numeracy" (p36). This is 'matheracy' which gets replaced by school 

mathematics, and parallels his description of ethnomathematics in (1984a)). This paper 

contains two odd definitions of ethnomathematics: it is defined both as the link between 

traditional, academic mathematics and environmental mathematics; and as "mathematics 

ethnically related to particular communities, ... practiced by uneducated people, sometimes 

even by illiterates" (p43). These anomalous definitions can be regarded as early attempts to 

introduce ethnomathematics as a concept for curriculum design purposes. 

In the paper (1985c), D'Ambrosio gives two distinct accounts of ethnomathematics. He 

begins by describing ethnoscience as "the study of scientific and ... technological phenomena 

in direct relation to their social, economic and cultural backgrounds" (p44). In this he draws 

parallels with the history and anthropology of mathematics, i.e. it is an academic field of 

study. He implies that ethnomathematics is a subset of ethnoscience, and adds that it includes 

"recognizing that different modes of thought may lead to different forms of mathematics" 

(p44). This seems to coincide with what he earlier called the anthropology of mathematics 

(1985a). 

Later in the same paper (1985c) he describes ethnomathematics as distinct from the 

mathematics which is taught and learned in schools (academic mathematics). 

Ethnomathematics is the mathematics practised among identifiable cultural groups. "Its 

identity depends on focuses of interest, on motivation and on certain codes and jargons which 

do not belong to the realm of academic mathematics" (p45). It may include much of the 

mathematics currently practised by engineers which does not respond to the concept of rigour 

and formalism in academic mathematics. This definition requires a broad notion of 

mathematics, including classifying, ordering, inferring and modelling. 

Also in that paper (1985c), D'Ambrosio returns to the ideas of different codes and jargons and 

suggests that these lead to different theories of knowledge. In relating ethnomathematics to 

the building of scientific theories, he clearly wishes to make a case for whole systems of 

knowledge on which culturally defined practises are based. He uses ethnomathematics to 
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refer to an evolving form of knowledge. This is manifest in practises which may change over 

time. His programme for action is explicit (1985c, p47): 

It is the purpose of our research program to identify within ethnomathematics a structured body of 
knowledge. ... [We] are collecting examples and data on the practices of culturally differentiated 
groups which are identifiable as mathematical practices, hence ethnomathematics, and trying to 
link these practices into a pattern of reasoning, a mode of thought. Using both cognitive theory 
and cultural anthropology we hope to trace the origin of these practices. In this way a systematic 
organisation of these practices into a body of knowledge may follow. 

In his (1987a) paper D'Ambrosio emphasises the notion that ethnomathematics is a collection 

of practices (p33), but then calls it "a system of codification which allows describing, dealing, 

understanding, and managing reality. This latter system is related to Bernstein's "restricted 

code" and Illich's "vernacular universe". He specifically identifies four characteristics (1987a, 

p37): 

• It is limited in technique, but has a high creative component "since it is unbound by 

formal rules obeying criteria unrelated to the situation." 

• It is particular since it is context-bound, but it is broader than ad hoc knowledge. 

• It uses "psycho-emotionally" related codes and symbols, rather than rational ones. 

• It is validated by world-views and values, rather than by a hierarchy of authority and 

rational thought. 

This characterisation of ethnomathematics can be regarded as an end to the first stage of 

D'Ambrosio's writing on ethnomathematics. Variations in definitions to this point have come 

about because he has been writing both for various audiences: mathematicians (1984b; 1987) 

or mathematics educators (1984a,; 1985b, c); and with different aims: to politicise 

mathematics education (1987a, b), to broaden the concept mathematics (1985c), or to argue 

for curriculum change (1984a). 

However, the intent is clear: D'Ambrosio wishes to argue the following. Mathematics is a 

natural and broad class of practices (differentiated across cultural groups) by which each 

group understands its world. The restricted and formalised set which has become known as 

mathematics (academic mathematics) has displaced the broader range of activities as 

legitimate knowledge. However, the wider group of practices does imply a system of 

knowledge. The culturally specific practices, together with the implied system, constitute 

ethnomathematics. It is necessary to study these practices and systems in order to describe 

them, validate them, and use them in education. 

One question not addressed is how a body of knowledge with the four characteristics he 

specifies can be called systematic. Referring to the first characteristic, if there are no formal 

rules beyond those of the immediate situation, in what sense is it systematic? Systematic 

means formalised according to criteria which hold a meta-status with respect to any function 
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of the system. The third characteristic states that ethnomathematics does not use rational 

codes. But the term systematic implies some rationality, and ethnomathematics is at least 

formalised by habitual practice or shared codes which are internal to the culture. If this is 

what is meant by psycho-emotionally related codes, then what are rational codes? There is a 

general sense of 'rational' which implies agreement by a wide community as the basis for an 

argument, i.e. it is socially defined. D'Ambrosio's use of the word implies that rational means 

the logical system of Western mathematics. 

A Research Programme? 

An often quoted definition of ethnomathematics is D'Ambrosio's etymological definition 

(1990, p22): 

[The] term ethnomathematics is introduced as "the art or technique (tics) of explaining, 
understanding, coping, with (mathema) the socio-cultural and natural (ethno) environment". This 
can be taken as a definition. 

Although he later (1992a, p1184) claims this as based on the Greek origins of the word 

'mathematics', he is explicit (Ascher & D'Ambrosio, 1994, p37) that the etymological 

definition for ethnomathematics is a device which is his way of emphasising the relationship 

between the individual and the environment in broad cognitive development. Mathematics is 

all-encompassing, ethnomathematics draws attention to the cultural base of cognitive 

development generally (1990, p22): 

[Mathematics is] the art of explaining, understanding and coping with the socio-cultural and 
natural environment... The dynamic of this interaction [between the individual and the 
environment], mediated by communication and the resulting codification and symbolisation, 
produces structured knowledge which eventually becomes disciplines. 

Given this clear statement, what is to be made of several other definitions which refer to 

ethnomathematics as a research programme? For example (1989) 

A: The research and pedagogical program called ethnomathematics has its origins in our first 
attempts ... 

And in (1992a): 

B: [Title] Ethnomathematics: A Research Program on the History and Philosophy of Mathematics 
with Pedagogical Implications 

C: Essentially, the program of ethnomathematics is the study of the generation, organization, 
transmission, dissemination, and use of these jargons, codes, styles of reasoning, practices, results, 
and methods. 

D: Thus ethnomathematics offers not only a broader view of mathematics, embracing practices 
and methods related to a variety of cultural environments, but also a more comprehensive, 
contextualized perception of the process of generating, organizing, transmitting and disseminating 
mathematics throughout the history of mankind. 
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And again (Ascher & D'Ambrosio, 1994, p42): 

E: I like to classify [ethnomathematics] as a program in history and philosophy ... not only of 
mathematics, but of everything. 

In all three of these papers, D'Ambrosio also reiterates his etymological definition and is even 

more explicit (1992a, p1183): 

In short, ethnomathematics covers all the practices of a mathematical nature, such as sorting, 
classifying, counting and measuring, which are performed in different cultural settings, through 
the use of practices acquired, developed, and transmitted through generations. 

It is possible to interpret "the program of ethnomathematics" as "the program which has 

ethnomathematics as its object". This meaning is clear in his first mention of the programme 

(1987d, p3): 

...we propose a research and pedagogical program centred on the concept of Ethnomathematics. 

However this only explains quotes B & C above. Why is D'Ambrosio expressing two 

different meanings? 

By the 1990s (six years after his ICME-5 address on ethnomathematics), many others had 

begun writing on the subject. Some had pursued cultural studies of mathematical practices, 

and a dilemma was beginning to emerge: a dilemma which will, in this thesis, be called 

'discipline overlap'. Mathematics is a recognised international discipline emanating from 

mostly Western developed countries. For many cultures, studies of their mathematical 

practices will cut across internal knowledge classifications if they are not conducted within 

the full context of that culture. That is, if the practices are selected for study by someone with 

a mathematical background, then they are liable to be isolated from other practices of the host 

culture. Thus ethnomathematical studies have an in-built ethnocentrism. 

D'Ambrosio specifically addresses the problem of discipline overlap in his paper (1991, p19): 

Clearly, to talk about "ethno-specialities" sounds contradictory. It must be regarded as a first 
approach to the subject and eventually will give place to something else. Surely, 
ethnomathematics, as a mode of thought, has not been recognized as a structured form of 
knowledge" 

He also states it clearly, and his personal experience of the dilemma, in a personal 

communication (1993): 

I have always stressed ... the theoretical roots of ethnomathematics. Not only the outside 
theoretical tools [e.g. group theory], but mainly trying to recognize which are the theoretical tools 
of that cultural environment (the same ethno of the ethnomathematics we are trying to 
understand). To go into a certain ethnomathematics, we would need the ethnohistory and the 
ethnophilosophy of that same ethno. This has been difficult. It is something like the difficult 
position of the observer in quantum physics. This is why there have been so many controversies 
about my view of ethnomathematics among historians and philosophers of mathematics, for whom 
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the [outside] theoretical instruments are prevalent. I have less controversy with the educators, for 
whom the action instruments are prevalent. 

D'Ambrosio circumvented the discipline overlap dilemma by defining 'mathematics' in a 

broader, more universal way which made it applicable to all cultures. However he must have 

recognised that this strategy was not widely used. For example others (notably Ascher, 1991) 

circumvented the problem by regarding ethnomathematics as a field of study which 

acknowledged the perspective difficulties of the researcher but used anthropological methods 

to ameliorate their effects (see below, this Section). 

D'Ambrosio's dual definitions, therefore, can be explained by his dual motivations. On the 

one hand he wishes to legitimate cultural practices as valid knowledge, and on the other hand 

he wants to prevent his ideas being used as the theoretical basis of ethnocentric studies. 

Furthermore, he had an interest in developing ethnomathematics as a field, and this involved 

emphasising common understandings amongst other writers, especially with Ascher and 

Gerdes who had identified it as a field of research (see below, this Section). 

In his contribution to White's Essays on Humanistic Mathematics (1993), D'Ambrosio adds 

another component to his use of ethnomathematics. He describes humanistic mathematics and 

ethnomathematics as a complementary duality (D'Ambrosio, 1993, p38): 

This dual aspect of mathematics ... is clearly seen in the development of a technique or art ... of 
coping and managing reality (the environment), and at the same time reflecting upon it, trying to 
understand and explain it... . These correspond respectively to ... Ethnomathematics and 
Humanistic Mathematics. 

Together they form a basis from which academic mathematics can be seen as "the imprint of 

western civilization" and "not the absolute mode of thought of individuals or societal classes 

predestined to mastery" (p39). 

Here, then, ethnomathematics is more than the practices of coping with the environment, it is 

the art of doing so - with its implied codes and structured knowledge. However it does not 

include the reflection upon the nature of this art, or on the relationship between this art and 

reality, i.e. the philosophical questions. 

And yet, in two papers spanning the last mentioned, ethnomathematics is the process of 

knowledge-making (D'Ambrosio, 1992c): 

... the generation, transmission, institutionalization and diffusion of knowledge ... is the essence of 
the research programme on the History of Science which we call Ethnomathematics. The 
programme is an holistic approach to knowledge and to the dynamics of change. 

It encompasses the history and philosophy "not only of mathematics, but of everything" 

(Ascher & D'Ambrosio, 1994, p43). In such an enlarged state, ethnomathematics becomes 

undefinable - as he acknowledges (D'Ambrosio, 1994, p449). 
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The contradiction between the 1993 paper and other papers is probably a clear case of the 

context of the writing affecting the content. The 1993 paper was part of a book on Humanistic 

Mathematics, an idea D'Ambrosio would want to support. It is therefore difficult for him to 

pursue his encompassing concept of ethnomathematics if he wishes to leave room for another 

concept, humanistic mathematics. 

In summary, D'Ambrosio's main concern is to claim a status for the knowledge of people in 

non-dominant societies with respect to mathematics. In order to do this the relationship 

between knowledge and society must be seen in a global way, so that there is an equivalence 

in this relationship for all societies. Ethnomathematics has become D'Ambrosio's tool for this 

task, and he uses it both to state his objectives, but also politically, as an organising idea to 

gather other writers with broadly similar aims. Thus the subject of ethnomathematics has had 

to become more global as the parameters of the task have become clear. 

Others 

On the question of the nature of ethnomathematics it is justifiable to relate other writers to 

D'Ambrosio. His writing is concerned directly with developing a concept of 

ethnomathematics, and other writers all refer to his definitions and concepts. Furthermore, 

much of their writing is about topics which may not fall directly under ethnomathematics as 

they understand it. 

Gerdes 

For Gerdes ethnomathematics was initially (1986b) the mathematics implicit in each practice. 

He wrote about "recognising the mathematical character" and identifying "the frozen 

mathematics" in the production techniques of items like woven baskets (1986b, p10, 12). 

Frozen mathematics implies something more than the practice itself, it assumes that at some 

stage in the process of development conscious mathematical thought must have taken place. 

However Gerdes does not discuss the idea of a systematic body of knowledge, as he only 

refers to isolated ideas which are hidden in examples of practice. He is putting into practice 

the plan articulated by D'Ambrosio (1985c, p47) to trace the history of practices in order to 

uncover the systematic development of better solutions to practical problems.  

Unlike D'Ambrosio, he does not link ethnomathematics to different value systems, although 

he does acknowledge that they may involve different codes and conventions. Most of his 

cultural work is elaborations of Western mathematics (or new mathematics expressed in 

conventional terms) arising from traditional practices (e.g. 1990b). However he does not 

claim these constitute ethnomathematics. 
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In his papers (1988a, b) Gerdes references the term ethnomathematics to D'Ambrosio's 

definitions. However, he then defines World mathematics as the union of all ethno-

mathematics, and describes the educational task as "to look for effective bridges between 

ethnomathematics and world mathematics" (1988b, p4). The implications of constructing the 

union of all ethno-mathematics present a host of philosophical problems, and he does not 

develop the idea further: however, he does pursue the educational task as described. 

Gerdes' emancipatory, educational perspective leads him to conduct ethnomathematical 

explorations in the cultures of Southern Africa. There is an urgency in his work, an 

imperative to quickly find the means to transform, through mathematics education, a 

colonised culture into a modern, independent one which uses world mathematics (1988b, 

p20). This immediate political agenda leads him into developing the concept of 

ethnomathematics as a research field. 

By 1989, Gerdes is describing ethnomathematics as a movement (Gerdes, 1989a, p26). (This 

occurs at about the same time D'Ambrosio mentions it as a research programme). His aim is 

to reclaim a mathematical heritage as part of indigenous culture. This includes generating 

new mathematics from traditional sources and conventional mathematics combined, as in his 

example using Tchokwe drawings (Gerdes, 1990a, 1991a). Gerdes has led an 

Ethnomathematics Research Project in Mozambique which analyses (1991b, p4): 

* mathematical traditions that survived colonization and mathematical activities in people's daily 
life and ways to incorporate them into the curriculum; 

* culture elements that may serve as a starting point for doing and elaborating mathematics in and 
outside school. 

In 1993 Gerdes unequivocally defines ethnomathematics as "the cultural anthropology of 

mathematics and mathematical education" (Gerdes, 1993b, p1) - i.e. as a field of study. (The 

following comments are based on the 1993b paper. This paper is an elaboration of his 

Chapter 'On the Concept of Ethnomathematics' in his book (1993a), and is substantially the 

same as the more accessible published paper 1994a). 

Gerdes describes 'ethnomathematics' as the term used to describe any or all of the 

"provisional concepts" (p7) which he finds in the literature: indigenous mathematics, 

sociomathematics, informal mathematics, spontaneous mathematics, mathematics in the 

socio-cultural environment, oral mathematics, oppressed mathematics, non-standard 

mathematics, hidden or frozen mathematics, folk mathematics, and mathematics codified in 

know-how. These concepts are versions of D'Ambrosio's cultural practices or systems of 

knowledge. 
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But Gerdes, unlike D'Ambrosio, attempts an explanation of the dual use of the term 

'ethnomathematics' (1993b, p10): 

Ethnomathematics [is] the mathematics of a certain (sub)culture. In that sense, so-called 'academic 
mathematics' is also a concrete example of ethnomathematics. When all ethnomathematics is 
mathematics, why call it ethnomathematics? And not simply the mathematics of this and that 
(sub)culture? Doing so, ethnomathematics may be defined at another level, as a research field, that 
reflects the consciousness of the existence of many mathematics, particular in a way to certain 
(sub)cultures. 

In other words, when mathematics gains D'Ambrosio's wider meaning, and its cultural base is 

acknowledged, then ethnomathematics becomes the research field. His research programme 

carrying the name Ethnomathematics has made the epistemological leap to the meta-level. 

In summary, for Gerdes, ethnomathematics is of the present, rather than a collection of 

practices from the past, and it is motivated by particular socio-political aims, e.g. to 

contribute to the mathematical awareness of colonised people, or to draw attention to 

mathematics as a cultural product. His current view, summarised in Gerdes (1994a), defines 

this movement as a research field involving anthropological reconstruction. But his 

orientation is mathematical, and ethnomathematics remains within that context. 

Ascher 

Ascher shares with Gerdes a practising mathematician's perspective, so that the subject of 

ethnomathematics remains bounded by mathematics itself. 

In 1986 Ascher defined ethnomathematics as "the study of mathematical ideas of non-literate 

peoples" (Ascher & Ascher, 1986), i.e. her focus was not on the practices themselves, but the 

study of such practices from a mathematical point of view. However the definition has a more 

limited version of the cultures from which examples may be drawn. Together with her co-

author, an anthropologist, the intention is to draw on ethnographic work to illuminate our 

understanding of mathematics. 

Ascher sees these mathematical ideas as models, structures and patterns which can be 

manipulated and discussed in the abstract. She gives evidence (1986, pp137-139) that a New 

Hebridean kinship system was conceived as an abstract system, and manipulated as such, i.e. 

it was not just a social feature given structure by anthropologists. 

However some of the other examples given in her book are not quite as convincing on this 

point. Her lengthy analysis of the Maori game Mu Torere (1991, pp95-109) involves highly 

complicated maps of possible moves, and shows that other variations using playing diagrams 

with more or less points would not be as satisfactory for a game which must maintain interest. 

She does not suggest that Maori went through this analysis, but does imply that it is no 
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accident that the eight-pointed version has persisted. Did Maori know that other versions 

were not satisfactory? If so how was this knowledge obtained and retained? 

The idea that ethnomathematics implies structured knowledge, not just its practical 

manifestation, is to be expected from a mathematician, as is the tendency to be drawn into 

mathematical analysis of the structures which have been identified. There is a difference 

between, on the one hand, the active manipulation of intellectual systems and the knowledge 

necessary to do that, and, on the other hand, the mathematics which can be elicited from any 

given situation or artefact. Ascher is not always clear which is being referred to, although she 

does note this difference and "trusts that the reader will do so as well" (1991, p3).  

Ascher has, since her work on the quipu in 1980, acknowledged that the mathematical ideas 

of a culture have "resonance in other parts of [that] culture" (D'Ambrosio & Ascher, 1994, 

p6). This is another way of stating the discipline overlap mentioned above, although she 

resolves it by regarding ethnomathematics as a field of study, not as the practices or 

knowledge being studied. The congruence with D'Ambrosio is in their mutual recognition of 

the vitalising potential of ethnomathematics within mathematics education. The differences in 

their positions can be explained by the idea that Ascher's intention is to vitalise mathematics; 

D'Ambrosio's is to vitalise education. 

Other Descriptions of Ethnomathematics 

Bishop would regard ethnomathematics, in so far as he uses the term at all, as a collection of 

practices. The analysis (Bishop, 1988a) of pre-mathematical activities forms the basis of his 

views about culturally specific mathematics. The activities of counting, measuring, locating, 

designing, playing and explaining are present in all cultures in some form or another. It is 

these activities which give rise to mathematics, and to the way in which mathematics is 

perceived and practiced in different cultures. Ethnomathematics, then, is defined by these 

activities. The mathematics which we identify as part of an academic tradition is a distillation 

of these practices and activities collected over time, albeit described in Western terms, and 

cornered by Western cultures to carry particular cultural values of rationality and objectivity. 

It is the identification of the values of mathematical culture in general which is Bishop's main 

concern, thus a view of ethnomathematics as the cultural practices in the formative stages of 

mathematics is much more useful to his purpose. If ethnomathematics is an encompassing 

concept, then Bishop would be drawn directly into a relativistic argument about whether there 

are different mathematical cultures. This would make gaining acceptance of the cultural 

nature of mathematics much more difficult. 

Zaslavsky has focussed on describing practices and implies that some of these practices have 

taken on the status of mathematical knowledge. Apart from her early work on African 
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mathematical practices (which she called 'sociomathematics'), Zaslavsky has been concerned 

with pedagogical questions rather than the exact nature of ethnomathematics. 

She uses the term ethnomathematics either as an adjective synonymous with multicultural 

(e.g. "an ethnomathematical perspective in the mathematics curriculum"), or as a noun (e.g. in 

reference to a student who is encouraged to "research their own ethnomathematics") (1994, 

pp6-7). Her Africa Counts (1976) was a description of mathematical practices rather than 

systems of knowledge. Her recent article (1994) focuses on mathematical concepts in 

multicultural contexts. 

The difference between these two conceptions is that one includes practices of mainly 

historical and anthropological interest, while the other is about practices which can be 

identified as living in the present. This change can be related to Zaslavsky's educational 

orientation. For her there is a need to use ethnomathematics as a means to relate mathematics 

to the reality and experiences of her students, and to motivate them to act. Thus congruences 

between her conceptions and those of the other three authors exist in the area of curriculum 

definition, where ethnomathematics is part of the validated reality of students' lives. 

Vithal (1992, p12) lists ten differing definitions of ethnomathematics (cf Section 0.2 above). 

She gives two explanations for the variation. One is the broad variations in the interpretation 

of 'mathematics' and 'ethno'. Such an explanation accounts for the variety of studies, but not 

the fundamental differences in definition (eg from a collection of practices to an academic 

study). The second reason is the diversity of contexts in which the term 'ethnomathematics' is 

raised - this corresponds to the Intentional Map used here. In particular Vithal stresses the 

difference between less developed countries which have been former colonies, and traditional 

cultures in more developed countries. In the former, (e.g. Gerdes, D'Ambrosio), writers are 

trying to regain and legitimate cultural characteristics within a national education; in the 

latter, writers are trying to regain power through education for politically disadvantaged 

groups. 

Millroy works from D'Ambrosio's definitions, using the term ethnomathematics to describe 

the interests of a group of researchers. She identifies the Paradox embedded in 

Ethnomathematics as the problem of recognising as mathematical anything which falls 

outside one's own mathematical framework (Millroy, 1992, p11). However it would seem that 

an awareness of this problem is sufficient to overcome it - at least that is what she attempts in 

her study of carpenters' mathematics. 

Abraham & Bibby (1988), Borba (1990), Mtetwa (1991), Abreu (1993), Knijnik (1993), and 

others use D'Ambrosio's definitions explicitly, usually his early versions describing 

mathematical practices of identifiable cultural groups and/or non-school mathematics. In 
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most cases the source of basic agreement can be attributed to D'Ambrosio's statement and 

authority being useful in supporting particular educational or political motivations of those 

writers. A good example of this is Ernest (1995) who adapts the definition which contrasts 

ethnomathematics with academic mathematics in order to relate ethnomathematics to political 

and anti-racist issues. 

Common Problems 

For all writers, difficulties in describing ethnomathematics occur because the location of this 

subject is assumed to be in the culture under study. This causes difficulty because there is no 

consideration given to the appropriateness of using the term 'mathematics' to describe 

practices or concepts in a culture which may not contain Mathematics as a category of 

knowledge (this is referred to as discipline overlap). Pompeu's definition is the only one to 

acknowledge this explicitly (1992, pp73-4): 

Ethnomathematics refers to any form of cultural knowledge or social activity characteristic of a 
cultural/social group which can be recognized by other groups like "Western" anthropologists, but 
not necessarily by the original group, as mathematical knowledge or as mathematical activity. 

A second issue is the connection between particular practices, and the knowledge which is 

implied by them. Gerdes comes closest to identifying this problem in his consideration of 

'frozen mathematics' (Gerdes, 1986b, p12). He clearly distinguishes the artisan who merely 

repeats a learnt practice without underlying knowledge, from the person (or people) who 

developed that practice through some more-or-less conscious response to given situations. 

D'Ambrosio, on the other hand, refers to a communal consciousness (embedded in the codes, 

jargons, etc), which gives rise to an evolving practice (D'Ambrosio, 1985c, p47). In this 

description the knowledge is not carried by individuals, but in the evolution of the practice 

itself, and the means by which it is communicated. 

The problem for ethnomathematics, then, is to identify the main focus of attention. Is it the 

structure of the mathematical knowledge which is being investigated, or the relationship of 

the people concerned to that knowledge? If it is the knowledge, where is it to be found? If it is 

the relationship, how can this be adequately described by someone else? 

Another difficulty is the colonial assumption that all cultures can be described in conventional 

mathematical terms. This is behind the development of ethnomathematics as a research 

programme, with a broader referent. It now includes: a) the formation of all knowledge 

(D'Ambrosio); b) mathematics in relation to society (Gerdes); c) mathematical ideas wherever 

they occur (Ascher); and d) current multicultural perspectives on mathematics (Zaslavsky). 

The problem is to reconcile these extensions, and to formally acknowledge that, through the 

use of the term 'mathematics', the programme ethnomathematics will remain, for the present, 

culturally specific. 
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Ethnomathematics and Mathematics 

The second question to be considered when reviewing the literature on ethnomathematics 

concerns the relationship between ethnomathematics and mathematics. Is ethnomathematics a 

subset, a precursor, or a parallel body of knowledge with respect to mathematics? 

To a mathematician it is tempting to use a set relation basis for analysing this question. 

Examples can be found: where mathematics and ethnomathematics are defined as disjoint 

(ethnomathematics is distinct from the mathematics which is taught and learned in schools 

(D'Ambrosio, 1985c)); where they are defined with mathematics as a subset 

(ethnomathematics is the process of knowledge-making (D'Ambrosio, 1992c)); or where they 

are defined with ethnomathematics as the subset (humanistic mathematics and 

ethnomathematics are a complementary duality within mathematics (D'Ambrosio, 1993, 

p38)). However such an analysis runs into difficulties when ethnomathematics is defined as a 

study, i.e. as a meta-level field of knowledge. 

In order to trace a continuous development, it is better to consider the ways in which 

mathematics (the existing concept) is used (and modified) in the definition of 

ethnomathematics. Three stages can be identified. In the first, ethnomathematics is based on 

mathematics; in the second, attempts are made to define ethnomathematics more universally; 

and in the third, there is a reversion to a recognition of mathematics as part of the definition 

of something reaching beyond that subject. These stages are not exactly sequential, but they 

can be seen as responses to the discipline overlap dilemma mentioned above. They can also 

be related to the changing use of the concept of ethnomathematics: from its origins in 

acknowledging socio-cultural backgrounds of students in mathematics education, to a tool in 

the politics of multicultural and anti-racist mathematics education, to an academic discipline 

which bears on mathematics itself. 

D'Ambrosio 

Using Mathematics 

In his early work, D'Ambrosio defines ethnomathematics using the concept of mathematics. 

This is done in two distinct ways. 

The original definition of mathematics as the mathematical practices (or systems of 

knowledge) of particular cultural groups makes an assumption about what is mathematics. 

D'Ambrosio spells this out (1984a, p5): 

[Practices etc...] which clearly encompass the way they mathematise, that is, the way they count, 
measure, relate and classify, and the way they infer. 
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This list changes in D'Ambrosio's and others' work, and Bishop's (1988a) list of pre-

mathematical activities is often used in this context. However the use of mathematics to 

define the general characteristics of what is included remains. 

This leads to the other way in which D'Ambrosio defines ethnomathematics based on the 

concept of mathematics: he contrasts ethnomathematics with the mathematics taught in 

schools. In (1984a), for example, a very clear distinction is made between ethnomathematics 

(which is taught informally) and 'learned mathematics' (which is taught in schools). Not only 

is the content different, but the characteristics of the content and the way it changes are 

different. Learned mathematics is a closed body of knowledge and changes through the 

activity of mathematicians. Ethnomathematics, on the other hand, is open to all and 

undergoes continuous interaction and change through the activity of all members of society. 

The interaction between these two forms of mathematics is described in (1985a). 'Matheracy' 

(informal mathematical practices of children) is eliminated by 'learned mathematics' in the 

school system. A "new formal structure replaces a spontaneous way of dealing with 

numerical and geometrical matters" (p473). He notes that this is an alienating experience. In 

(1985b), D'Ambrosio puts ethnomathematics at the bottom end of the scale. The culturally 

different practices relate to "the very elementary level" (p36), and an individual who has these 

practices (matheracy) replaced by learned mathematics will find that their planning of action, 

their power to communicate reality, their internal logic and their structured way of thinking 

will all decline. This use of ethnomathematics is made to draw attention to the deficiencies in 

schooling, particularly as part of colonisation. 

Forgoing Mathematics 

There is an obvious problem with using mathematics as the determining feature of those 

practices which are to be called ethnomathematics. (Note: here and in what follows 'practices' 

is short-hand for: 'collection of practices, codes, systems of knowledge'). The hegemony of 

mathematics remains as a lens through which to view the cultural practices. D'Ambrosio's 

definitions move subtly away from this stance and begin to use more universal notions. The 

first move is to regard ethnomathematics as the practices which later become colonised or 

formalised as mathematics, i.e. they are not presumed to be labelled 'mathematics' prior to 

this process. 

For example, D'Ambrosio (1985a) discusses the Third World and its relationship to the 

Western World, especially with regard to technological advance. This is seen as a colonial 

relationship whereby the transfer of knowledge is done only when advantage accrued to the 

West. Although not stated explicitly, the implication is that mathematical knowledge is part 

of that process, and thus ethnomathematics has been colonised in the political sense. 
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The paper (1987b) also concerns the colonisation of knowledge as it moves from one culture 

to the next, and, in particular, the rise of Western technology, science and rationalism. It 

discusses the way in which scientists have claimed the power to define technology and what 

is in the public interest. The scientific process (and the form of mathematics included in 

science) has become accepted as the means to knowledge (while conventional wisdom, 

including ethnomathematics, is devalued). 

The paper (1990) addresses another aspect of the colonisation of knowledge: the way in 

which it rationalises the rich/poor and have/have nots in our world. The filter role of 

mathematics depends on having a mathematics which will filter out those with non-Western 

conceptions. This political force is part of the process whereby mathematical rationality is 

legitimated. 

D'Ambrosio (1991) expands on this point to show how ethnomathematics comes to seem like 

mathematics. Ethnomathematics resides in individuals in their relationship with the 

environment. This structured knowledge is expropriated by the power structure by codifying 

it in rationalistic mathematical codes, and then returning it to individuals. By defining a 

practice in the static mode of mathematics it becomes valued according to criteria set up by 

mathematicians, and the epistemology which values the knowledge as practice is lost, 

devaluing the ethnomathematics. (See Section 3.3 on parallels with Wittgenstein's ideas). 

The paper (1985c) states that ethnomathematics and mathematics are parallel and different: 

"different modes of thought may lead to different forms of mathematics" (p44). Mathematics 

comes from the division between academic and practical mathematics: the former is now 

regarded as mathematics; and the latter (which may include high-level techniques which have 

not been formalised or given sufficient rigour) is ethnomathematics because it can be 

identified with some group. The inclusion of the calculus practices of engineers, for example, 

seems to make ethnomathematics into pre-formalised mathematics; thus ethnomathematics 

can be transformed at any time when a formalisation is made in codes which are recognisably 

mathematical. 

This view implies an evolution from ethnomathematics to mathematics which D'Ambrosio 

does not imply when speaking earlier of different forms of mathematics. Moreover the 

hegemony of mathematics over ethnomathematics is preserved because the moment when 

ethnomathematics becomes formalised (and thus becomes mathematics) is defined by 

mathematicians, i.e. the legitimisation of the knowledge has been taken over by the 

mathematical community. 

D'Ambrosio attempts to avoid this by reclaiming the legitimisation process (1985c, p47): 
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We claim a status for these practices, ethnomathematics, which do not reach the level of 
mathematisation in the usual, traditional sense. ... Ethnomathematics keeps its own life, evolving 
as a result of societal change, but the new forms simply replace the former ones. The cumulative 
character of this form of knowledge cannot be recognized, and its status as a scientific discipline 
becomes questionable. ... The chain of historical development, which is the spine of a body of 
knowledge structured as a discipline, is not recognizable. 

The pre-formalised view of ethnomathematics results from looking at ethnomathematics from 

the point of view of the mathematician, when the usual definitions of formal system and of 

scientific discipline do not apply. D'Ambrosio wishes to uncover the 'chains of historical 

development' by systematically organising these practices "into a pattern of reasoning, a 

mode of thought" (p47), and thus into a recognisable body of knowledge. Thus a change in 

the idea of a discipline will have been accomplished. 

D'Ambrosio (1987a) further distances ethnomathematics from mathematics by claiming a 

philosophical difference. The latter is regarded as aprioristic compared to the Bachelardian 

character of ethnomathematics. This difference in their philosophical basis fits with the 

different meanings of 'discipline' described above. If mathematics is aprioristic, then any 

previous conception of mathematics must be sufficiently included in the present. Unlike 

science, where theories can be shown to be 'in error', aprioristic mathematics can only evolve 

as a greater awareness of the nature of mathematical knowledge which is given in an absolute 

sense. A Bachelardian approach, however, allows for historically changing conceptions of 

logic, rationality, and hence ethnomathematics. Previous conceptions or practices are no 

longer applicable in the present. D'Ambrosio, however, expresses the distinction as the 

psycho-emotional aspect of ethnomathematics vis a vis mathematics. Historical change in the 

nature of rationality takes places within a complex set of social characteristics, which 

explains the close relationship between ethnomathematics and society. D'Ambrosio further 

notes (1987c) that mathematics arose as a discipline with a philosophy (an aprioristic one) 

which did not allow critical views of itself. A process of discovery cannot question whether 

what is being discovered is really there, nor can it find different objects in the same place 

depending on who finds it. This led to the mistaken idea that mathematics develops by 

internal deductive/inductive problem-solving. 

However there are problems in simultaneously acknowledging two forms of mathematics, 

and Realist conceptions alongside changing rationality in particular (see Chapter 3). 

D'Ambrosio does not pursue this line in later papers. 

The same paper (1987a, p37) brings into question the status of academic mathematics vis a 

vis ethnomathematics in a different way by comparing value-validated ethnomathematics 

with rationality-validated mathematics. But a rational basis can be seen as just a particular 

value, therefore mathematics is just another ethnomathematics, albeit shared by a very large 

social group. 
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The separation of ethnomathematics from mathematics reaches its peak in D'Ambrosio's 

etymological definition (1990, p22): 

[The] term ethnomathematics is introduced as "the art or technique (tics) of explaining, 
understanding, coping, with (mathema) the socio-cultural and natural (ethno) environment". 

There is a particular motivation for this definition: it "can restore to the mathematics in every 

culture - that is, to ethnomathematics - its breadth" (D'Ambrosio & Ascher, 1994, p42). He 

has moved right away from those practices which are colonised or formalised into 

mathematics, and is defining ethnomathematics as knowledge-making itself. And not just 

mathematical knowledge: D'Ambrosio (Ascher & D'Ambrosio, 1994) makes it clear that this 

includes all forms of systematised knowledge. The mathematics of particular groups of 

mathematicians is now included as an example of ethnomathematics (1992a, p1184). 

D'Ambrosio is using the term ethnomathematics to change the concept of 'mathematics' back 

to its original Greek meaning (1991, p20) of an explanation or understanding of the world. 

Acknowledging the Place of Mathematics 

The third stage in the development of ethnomathematics as a concept is the acknowledgment 

of the contemporary impact of mathematics on those who are involved in ethnomathematics. 

Ethnomathematics is recognised to be of the present, and emanating from a society which 

already has a concept of mathematics in some form. 

In this stage, ethnomathematics is seen as a study. D'Ambrosio does use such definitions, 

although his predominant version is the knowledge-making one above. He occasionally refers 

to ethnomathematics as an anthropological study of mathematics (e.g. 1985c, p44), but his 

Research Programme proposal is usually expressed as encompassing more than mathematics, 

i.e. including systematic knowledge-making in general (e.g. 1994, p449). 

It is Gerdes and Ascher who have developed this type of definition. As noted above, Ascher 

always used a 'field of study' definition, and Gerdes has been committed to it since 1989. 

Gerdes 

Gerdes' early work (1988b & c) links ethnomathematics to 'folk mathematics' and 'indigenous 

mathematics', which is distinct from 'world mathematics'. However he goes on to say that 

world mathematics is the union of all possible ethnomathematics. Like D'Ambrosio this use 

of the term is dependent on a prior meaning for mathematics, and is in the first stage of 

definitions. 

However there are two indications that Gerdes' view is more subtle than a first reading 

implies. First, he says that world mathematics is the union of all possible ethnomathematics. 
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That means that mathematics is never completely formulated; that it is just an idea. The 

second hint is the statement that world mathematics will be assimilated by learners. The only 

way this could happen is if each person (or culture) understands the union of all 

ethnomathematics in their own way, using their own codes and values. 

This theme is developed in later writing where Gerdes discusses the educational potential of 

ethnomathematical studies as promoting a rethinking of mathematics from particular cultural 

points of view. Gerdes (1994a, pp20-21) describes this development in detail finishing with: 

Ethnomathematical research will certainly reveal more historically, mathematically, educationally 
and philosophically interesting practices ... . [It will also] oblige everyone ... to reconsider what 
mathematics is all about. 

Such sentiments are not so based on mathematics as a pre-determined concept, i.e. they seem 

to be in the second stage of definitions. But Gerdes keeps the two linked, for example: 

"analysis of Tchokwe sona stimulates the development of new mathematical research areas" 

(1990a, p34). 

Gerdes never defines ethnomathematics as separate from mathematics to the extent that 

D'Ambrosio does. For example he retains universal characteristics of mathematics in his 

explanation of how symmetry in design has originated not by copying nature but as an 

inevitable consequence of the techniques being used. The resultant forms are universally 

valued because of their practicality. This happens in all cultures. 

The idea that world mathematics is an ideal, compared with the reality of ethnomathematics, 

is different from D'Ambrosio's conception. It provides an explanation of the mechanism of 

the colonial effect of Western mathematics: it is the Western world view which is being 

promulgated, not the mathematical content itself. However, as well as the familiar problem of 

the ethnocentrism inherent in definitions based on mathematics, there are some philosophical 

problems with this stance: for example, what is the ontological status of the ideal 

mathematical conceptions which are seen from different cultural points of view? 

From 1991 Gerdes moves strongly into the third stage, explicitly defining ethnomathematics 

as the cultural anthropology of mathematics, and as a movement which he characterises in 

depth (1994a, p20). Such descriptions rely on broad, nonlinear, and changing conceptions of 

mathematics; they put ethnomathematics into the present; and they are explicit political tools 

for the emancipation of mathematics education. 

Ascher 

Ascher views mathematics and ethnomathematics as separate fields of study. Mathematics is 

seen as a closely defined category of knowledge particular to Western culture. It is the 
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province of mathematicians and has a particular history. While Ascher refers to mathematics 

as Western (1991, p3), and that describes the way she (and others in USA, Europe and 

Australasia) perceive it, her writing implies that the mathematics studied in Asia (e.g. India, 

China and Japan) would also be included in this description. 

Ethnomathematics, on the other hand, is seen as the study of mathematical ideas of cultures 

which do not have a category of knowledge with the label 'mathematics'. She has referred to 

this group as 'nonliterate' (Ascher, 1986) and 'traditional' (Ascher, 1991), but is at pains to 

point out that this is not to imply inferior status or a stage in a developmental process leading 

to real mathematics. 

This conception of ethnomathematics lies in the third stage. Ascher's work provides the best 

material to explore the consequences of this type of definition of ethnomathematics. In 

particular there are two issues which become important. The first concerns the time location 

of the study (is it historical or is it contemporary); the second concerns the mode of discourse 

of the study (is the result mathematics or is it not)? 

Ascher (1991) states (p188, p191, p192): 

Ethnomathematics ... has the goal of broadening the history of mathematics. 

We distinguish our studies from traditional history of mathematics by using a different label, 
namely, ethnomathematics. 

Eventually, perhaps, there will be no need for the distinction between history of mathematics and 
ethnomathematics. 

While the last two quotes imply an equivalence with the history of mathematics, the first does 

not - it only suggests that, as a result of this mathematical study, the history will be changed. 

The examples analysed in Ascher (1991) are not necessarily historical: navigation using Etak 

is still practised in the Caroline Islands (or was until the late 1980's, see Kyselka, 1987); 

different number systems are still spoken in many languages; the logic of kin relationships is 

retained in Australia; and the art of kowhaiwhai is alive and well in New Zealand. However, 

all her examples have either died out (quipu, Ascher & Ascher 1981), or are extant but under 

threat (Caroline Island navigation, Kyselka 1987), or remain only as a shadow of the 

sophisticated systems they once were (sand drawings, Gerdes 1991a). Thus, there is a need 

for historical, even archaeological, work to recover or rebuild the full sophistication of these 

ideas. 

Furthermore, the host cultures of these examples continue to be colonised by Western (or 

European/Asian) ideas and a cultural milieu which does have mathematics as a category. 

Ethnomathematics may well be merged into mathematics under this perspective. 
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This leads to the question of the future of the study of ethnomathematics as defined by 

Ascher. One possibility, implied by Ascher's later quotes above, is that it will become more 

and more an historical endeavour, becoming a cultural curiosity and included as a sub-branch 

of mathematics. The other alternative is that those cultures without mathematics as a category 

will develop their mathematical ideas within their own categories. In this case 

ethnomathematics would become the mathematical interpretation of these ideas kept in 

context. 

This raises the second point to be discussed: where is the line to be drawn between 

mathematics and cultural reality? In several studies Ascher uses conventional mathematical 

language, concepts, symbolisms and analyses. She acknowledges this (Ascher 1991 p3): 

... in trying to convey the significance of ideas, we will do so by elaborating on our Western 
expressions of them. Throughout, we differentiate ... between mathematical ideas that are implicit 
and those that are explicit, and between Western concepts that we use to describe or explain and 
those concepts we attribute to people in other cultures. 

Is her analysis mathematics or is it ethnomathematics? Are the concepts themselves, say the 

kinship relations of the Warlpiri, ethnomathematics? Are Ascher's diagrams and group 

analysis of these concepts, mathematics? As Ascher herself notes, the concept cannot be 

separated from its expression. This link leads to a characterisation of Ascher's view of 

ethnomathematics, not as a distinct subject intersecting with mathematics, but as the 

intersection of mathematics and culture. 

We can define ethnomathematics as the interpretation of the mathematical concepts of one 

culture into the mathematical concepts of another. But this attempt to be pan-cultural would 

fail because it is not reflexive. Warlpiri elders analysing European kin relations may not 

perceive these discussions as mathematical: for them it might be an ethnogenealogical 

inquiry, i.e. they would use a category specific to their culture. A pan-cultural activity cannot 

be defined in the terms of one culture. This leaves Ascher's concept of ethnomathematics as a 

Western one. 

The same problem occurs with Gerdes' analysis of Lusona (Gerdes, 1991a). These studies 

could be part of a process of colonising the mathematical ideas of another culture into 

mathematics as an universal, pan-human activity. But not all cultures recognise such a 

mathematics. 

Others 

Bishop does not use the term ethnomathematics very often, but he does (1988a) distinguish 

between a pan-cultural activity mathematics, and the particular variant which has become the 

basis of a modern techno-culture Mathematics. He also describes in detail six universal pre-
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mathematical activities which develop in all societies and which can develop into 

mathematics, and the culturally specific values carried in Mathematics. Others have used 

these activities to define ethnomathematics. 

Bishop is aware of the danger of ethnocentrism in assuming all cultures can develop 

something called mathematics (1988b, p184), showing that his conception of mathematics is a 

second stage definition. However, he is more concerned with cultural influences on 

mathematics learning, and does not need an elaborated definition of ethnomathematics, 

preferring to be more specific about cross-cultural conflict and curriculum (1992b). This can 

be attributed to the psychological interests which led him into the area. 

Zaslavsky, while acknowledging cultural context, most closely equates ethnomathematics 

with mathematics. In exhorting her students "to research their own ethnomathematics" (1994, 

p6), she implies that this is the mathematics of their cultural group, i.e. the various 

ethnomathematics' are separate, and that mathematics is one particular (if pervasive) example. 

In this view, each culture has its own ethnomathematics which can only be properly accessed 

with difficulty from another culture. 

Most other ethnomathematical writers uncritically adopt one of D'Ambrosio's definitions, 

usually earlier ones. Where a study is being used for a political purpose, (e.g. Knijnik, 1993; 

or McMurchy-Pilkington, 1994), acknowledgments are made to D'Ambrosio's second stage 

definitions which establish a place for ways of knowing independently of any concept of 

mathematics (see Ernest, 1995, p2; or Fasheh, 1991, for statements of this position). Those 

studies which are developed to enhance a mathematics curriculum, (e.g. Zaslavsky, 1987; or 

Harris, P., 1991), do not need to establish such independence. 

A third group is the cognitive psychology studies, (e.g. Acioly & Schliemann, 1986; or Lave, 

1988). Although it seems that these studies use stage one definitions, e.g. often defining the 

activities under study in relation to school mathematics, in fact there are third stage 

assumptions built into their discipline. The studies are studies in cross-cultural psychology, 

i.e. they are acknowledged to exist in the culture-specific assumptions of that field (see 

Millroy, 1992, pp 46-47; or Nunes, 1992a, for such statements). 

One further style of definition in the third stage is emerging, that of regarding 

ethnomathematics as a perspective from which to look at mathematics and its relation to 

culture. This is elaborated in Oates (1994), and can be detected in Nunes (1992a). Another 

version describes an ethnomathematical approach to the mathematics education, particularly 

to the curriculum (Pompeu, 1992, Zepp, 1989). (This approach is contrasted with the 

'canonical' approach based on the mathematics of Western Europe). These definitions accept 

the defining role of mathematics in a stronger way, but provide a way of including practices 
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and knowledge which are not formally legitimated as mathematics. It may be that this version 

is more acceptable to the mathematical establishment because it leaves intact mathematics as 

an academic field. 

Summary 

Can the various conceptions of ethnomathematics be seen together in some way? Although 

the Venn diagram technique was rejected for analysis earlier, it can be used to simultaneously 

illuminate some of the distinctions which have been expressed. The diagrams (fig 5 below) 

are drawn to exaggerate the differences and include considerable licence in the way inclusion 

and intersection are used. They also depict culture as both a universal and as separate 

'cultures'. 

Having exaggerated the differences, the common thread in all models is the idea of 

ethnomathematics as an interpretive programme between mathematics and culture. Instead of 

the Venn Diagram mode, we can view each as some kind of window (Oates, 1994). For 

D'Ambrosio it is a window on knowledge itself; for Gerdes it is a mathematical window on 

various practices and has different glass for each culture; for Ascher it is the mathematical 

window on other cultures; and for Zaslavsky it is the cultural window on mathematics. 

This metaphor can be used to pose the problems for a definition of ethnomathematics. What 

is being viewed through this window? What is the nature of the window? Who are the actors 

in this viewing process, and why they are looking through this window? 

Problems 

Definitions of ethnomathematics imply particular relationships with mathematics, and there is 

variation amongst writers as to their exact nature. Two problems emerge: a) if 

ethnomathematics is defined using a conception of mathematics, then it is ethnocentric on 

that conception; and, b) if ethnomathematics is defined independently as a universal referent, 

then it is either still culturally bound to the group who so define it, or some cultural universals 

must be assumed. 

Connors (1990) critiques Bishop on the last of these points, noting that anthropology has 

moved away from the concept of deterministic cultural universals. This leaves as 

ethnocentric, either the conception of mathematics as it has developed in our techno-culture, 

or the new idea of ethnomathematics. Both Chevallard (1990) and Dowling (1991) criticise 

ethnomathematical constructs on the basis of ethnocentrism and note "the hegemony of 

European culture in fixing the significance of diverse cultural practices as mathematics" 

(Dowling, 1991, p110). 
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D'Ambrosio's, Gerdes', and other definitions over the last ten years have developed in a way 

which can be seen in response to these problems. Early definitions were defined by 

mathematics, either as the mathematics of cultural groups, or as a contrast to the mathematics 

in schools. Later, ethnomathematics was defined more independently, either by describing it 

as prior to mathematics, or, in the manner pursued by D'Ambrosio, by claiming for it the 

whole of systematic knowledge-making. Another approach has been to remove 

ethnomathematics to a meta-level where it is the study of mathematics, or a mathematical 

study of cultural activities. The reasons for these variations have been linked to the purposes 

of the writing, and to the backgrounds of the writers. Such issues become even more 

important when examining the link between ethnomathematics and education. 
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fig 5: Venn Diagrams of Ethnomathematics 

C- Culture, M - Mathematics, 

E - Ethnomathematics as Cultural Practices, 

E* - Ethnomathematics as a Research Programme 

Ethnomathematics and Mathematics Education 

The third question to be considered when reviewing the literature on ethnomathematics 

concerns its role in education. Should the curriculum contain ethnomathematics, mathematics, 

or both? The level at which this question is asked is generally taken to be primary or 
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secondary school, but three writers in particular are concerned with teacher education 

(Gerdes, Pompeu and Vithal), and there are implications for tertiary mathematics as well. 

This thesis is not primarily concerned with the role of ethnomathematics for the curriculum, 

and a comprehensive (Doctoral level) account of the literature for this perspective is available 

in Pompeu (1992). Section 6.2 of this thesis details some of the research consequences of this 

concept for mathematics education, and issues arising in the literature are further considered 

there. 

However, it is necessary to briefly review the stance of each of the main writers on the 

question of the role of ethnomathematics in education, because it may be possible to develop 

a characterisation of ethnomathematics in this thesis which will be acceptable in these roles. 

It will at least be possible to evaluate the characterisation for its usefulness in each role. 

Briefly, the main stances are: 

• D'Ambrosio: ethnomathematics is a theoretical construct for the radical overhaul of 

education. 

• Gerdes: ethnomathematics is a tool for the political revitalisation of mathematics and 

mathematics education in developing countries. 

• Ascher: ethnomathematics may provide material for the enrichment and widening of the 

mathematics curriculum. 

• Bishop: ethnomathematics is a theoretical construct for improving the teaching and 

learning of mathematics. 

• Zaslavsky: ethnomathematics may provide material for improving motivation and 

reorganisation in mathematics education. 

• Pompeu: ethnomathematics is an ideological approach to curriculum development. 

The role attached to each of the writers above is not solely their construct. For example the 

political revitalisation role is used by many others, particularly those following Freire's 

critical ideology (e.g. Frankenstein, 1989; Borba, 1990), and has been developed by them as 

well as Gerdes. Nor is each writer limited to using ethnomathematics in the role given. Each 

role is briefly examined below. 

D'Ambrosio: A Radical Overhaul 

D'Ambrosio's early position was one in which the recognition of ethnomathematics should be 

part of a mathematics curriculum in order to take account of students' social context. He notes 
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that ethnomathematics is communicated through informal education, and 'learned 

mathematics' through schools. Further, the learned mathematics eliminates the 

ethnomathematics during schooling. D'Ambrosio's curriculum strategy (1985a, p474) is "to 

make different cultural forms compatible". It is unclear whether this means that mathematics 

curricula should be designed to proceed from the spontaneous, cultural practices of the child 

to a learned, scholarly mathematics, or whether the aim is to develop an environment in 

which both should coexist compatibly. D'Ambrosio's model of education must involve the 

culture of the child, and it is here that ethnomathematics enters the picture. 

One of the consequences of this strategy would be to broaden the idea of what constitutes 

mathematics. Not only does ethnomathematics overlap other areas of knowledge (defined in 

Western terms) but it is also practical and thus holistic. Another consequence (see 1987a) is 

that mathematics would become more creative rather than performance oriented. Mathematics 

education would become more an immersion in mathematical situations than a transference of 

defined knowledge. This would mean that its social filtering role may change. D'Ambrosio 

(see 1987c) is quite clear about the political intent of a mathematics education based on 

ethnomathematics. He hopes that such an education will stop rationalising the have/have not, 

rich/poor distinction: one could expect considerable resistance to this type of change. 

D'Ambrosio also discusses (1987a) the implications for assessment of a mathematics 

education built on ethnomathematics. He claims that aesthetic and cultural aspects cannot be 

assessed, and therefore questions the reasons for monitoring education and how it may be 

done. 

As D'Ambrosio's concept of ethnomathematics broadens to become systematic knowledge-

making, so its role in education becomes larger and more radical. Thus (1989) 

ethnomathematics is a research programme and a course in the history of mathematics: a 

programme which involves reconceptualising mathematics itself. 

In later writing (1990; 1991, pp 5, 10-14; 1994) the ethnomathematics programme is an 

holistic approach to education (1991, p5): 

The Programme Ethnomathematics is ... essentially a new way of looking into the process of 
generation, transmission, institutionalisation and diffusion of knowledge. 

He argues that mathematics is an example of the promulgation of one cultural view of 

knowledge (1991, p13): 

Mathematics is also the imprint of Western culture. Much of this is easily identified with the 
decline and subordination, conquest and colonization and destruction of ... what is now called the 
Third World. ... This clearly contributes to negative cultural self-esteem. ... The approaches 
through ethnomathematics avoid this negative self-esteem. 
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D'Ambrosio asks for no less than radical curriculum change, not just to mathematics, but to 

all of education (1990, p23): 

The essence is to look at schools not as mere transmitters of knowledge but giving priority to their 
social, political, and psycho-emotional roles. ... These new roles for schools and teachers reside in 
their essential function of generating the dynamics for interactive behaviour in situations proposed 
by the environment. In addition to teaching as traditionally defined ..., teachers should see 
themselves as partners in a common search, in the common and shared process of building up 
knowledge. ... Mathematics is an essential component in this entire process. 

This involves paying more attention to students as people in society and recognising subjects 

as evolving epistemological systems (see 1994, pp 448-53, for more details). 

Ethnomathematics makes this inevitable. In addition, it offers a means by which learners can 

cope with the rapid change in quantity and quality of knowledge, a change for which the old 

transference model would be inadequate. 

Gerdes: A Tool For Revitalisation 

Much of Gerdes' early work is explicit about the politico-socialising role of mathematics 

education. In (1981) he contrasts the curriculum in colonial and revolutionary stages of the 

development of Mozambique. This determines his position on the educational role of 

ethnomathematics: it should be included in the curriculum as a motivator and as a social 

force. He describes how Tchokwe sand drawings may be used in the classroom: (1988b, p19): 

[The purpose for Tchokwe students is that] it may contribute to the revival, reinforcement and 
valuing of this practice; it may contribute towards a more productive and creative mathematics 
education, as it avoids ... alienation. 
[By incorporating it into the national curriculum] the knowledge it reveals and its mathematical 
potential, will become less monopolised, less regional, less tribal; and [along with other popular 
practices] it will contribute to the development of a truly national culture. 
[By incorporating it into other African curricula] it will contribute to the valuing and appreciation 
of the culture of this brother people, ... will consolidate the idea that mathematics does not come 
from outside our African cultures. 
... This confidence will facilitate the assimilation of 'world mathematics'. 

That is, as a motivator it will enable students to 'own' mathematics, to see that it is part of 

themselves and their culture. This will enhance their ability to learn all kinds of mathematics. 

In his later work he articulates this position as a response to the challenge to mathematics 

education in Africa, namely "to multi-culturalise the mathematics curriculum in order to 

improve its quality, to augment the cultural and social self-confidence of all pupils. 

He implies that the uses of ethnomathematics as an educational tool will become more 

elaborate as more work is done in the area. However, he does not argue that 

ethnomathematics should take a dominant role in the classroom - and yet that is the 

consequence if a correct interpretation of Gerdes' view is that mathematics can only be 

conceived through one's own ethnomathematics. 
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Gerdes' view of ethnomathematics as a research programme, has ultimately the same 

educational goals, but he sees it as operating by forcing a reconsideration of the curriculum, 

not as a component of it (1994a, p21): 

Ethnomathematical research will oblige everyone to reconsider the history of mathematics; to 
reconsider cognitive models of learning mathematics; to reconsider goals, contents, and means of 
mathematics; to reconsider what mathematics is all about. 

It should be noted that Gerdes' educational goals have remained constant over a long period. 

This is an expression of his personal commitment to revolutionary education in Mozambique, 

and the successes of his ethnomathematical programme in achieving these goals. 

Ascher: Widening the Curriculum 

Ascher is not explicit about the role of ethnomathematics in mathematics education. She sees 

much of mathematics education worldwide as based upon Western views of mathematics, and 

acknowledges this imposition of Western values as an educational issue for educators from 

Latin America, Africa and Native America (Ascher 1991, p195). Ethnomathematics may be a 

way to build and reinforce cultural traditions in these areas. This statement is at odds with 

Ascher's view of ethnomathematics as a field of study acknowledged as based in a Western 

anthropological tradition with an assumed mathematical background. 

However, Ascher's more immediate aim is the revision of the history (and philosophy) of 

Western views towards the recognition of the cultural context of mathematical ideas, and the 

inclusion of other cultural ideas (1991, p196). Ethnomathematical studies would further such 

an aim, and the interpretive nature of her work is particularly suited to informing students 

from Western cultural backgrounds. It can thus be inferred that Ascher believes that 

ethnomathematics should be part of the mathematics curriculum in her own country: an added 

part, to give perspective and depth to existing mathematics education. 

Bishop: Improving Teaching and Learning 

Bishop, having distinguished between pan-cultural mathematics (which has some 

correspondences to D'Ambrosio's broad view), and the Western, developed, techno-subject 

Mathematics, describes the values of Mathematics, and then his ideas for its enculturation. 

His main point is that Mathematics education is enculturation, i.e. it involves value-learning, 

and therefore it may be improved by acknowledging this fact, by being open to the 

relationship of Mathematics as a particular cultural development of mathematics. This will 

allow some control of the values being enculturated and make it possible to move the 

balances in these values to take account of the cultural contexts in which the education is 

taking place. In his list of needs for mathematics teachers, Bishop's orientation becomes clear 

(1988b, p189-90): 
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... Teachers must be made fully aware [that they are inducting a young child into part of its 
culture]. More than that, they need to know about the values inherent in the subject ..., they need 
to know about the cultural history of their subject, they need to reflect on their relationship with 
those values, and they need to be aware of how their teaching contributes not just to the 
mathematical development of their pupils, but also to the development of mathematics in their 
culture. 

Bishop wants to move away from mathematical training, towards mathematical education, 

which "should make the values explicit and overt, in order to develop the learner's awareness 

and capacity for choosing" (1988b, p181). 

More recent work (e.g. 1992b, 1994) has been concerned with the problem of those students 

who experience cultural conflict between their home or community culture and that of 

Mathematics. Furthermore there is plenty of evidence that this conflict is responsible for 

alienation from, and poor achievement in, mathematics learning - with discriminatory results 

for particular groups in society (1992b, p4). His concern is to "find a rich way to 

conceptualise mathematics as a cultural phenomenon" (1988b, p181) - rich enough to provide 

clues to resolve the consequences of such conflicts. Insofar as he is interested in a concept 

labelled 'ethnomathematics', this is his purpose. 

Zaslavsky: Motivational Restructuring 

Zaslavsky's main concern has been the use of ethnomathematical perspectives in the 

curriculum, and she has adapted much of her work on describing African mathematical 

practices for use in secondary classrooms in America. Initially (1991a) this was seen as an 

addition to existing curricula for mainly motivational reasons, but also to broaden students' 

understanding and enhance the standing of minority groups. Later, Zaslavsky argues that 

(1994, p7): 

The entire mathematics curriculum must be restructured so that mathematical concepts and 
ethnomathematical aspects are synthesized. Rather than a curriculum emphasizing hundreds of 
isolated skills, mathematics education will embody real-life applications in the form of projects 
based on themes and mathematical concepts. 

This will involve comprehensive teacher education, revised assessment, and different 

classroom management (including the abandonment of streaming). This view has elements of 

D'Ambrosio's grand vision, but approaches it from an internal restructuring of mathematics 

education, rather than as a comprehensive educational reform. 

Pompeu: An Ideology 

Pompeu (1992) also develops D'Ambrosio's vision of ethnomathematics, and treats it as a 

theory of curriculum reform. However he also remains within the mathematics curriculum 

rather than adopting an holistic approach to education. 
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Pompeu's cultural approach to the curriculum is contrasted with those identified by Howson 

et al (1981), and in particular with a canonical-structuralist approach in which academic 

mathematics defines the content, teaching and students' responses to the school curriculum. 

An ethnomathematical approach starts from the pupil and is based on teaching about 

mathematics. It is one in which (1992, p282): 

(1) the mathematical content is suggested instead of being prescribed; 
(2) different pupil's social and cultural activities/situations are exemplified as potentially 

suitable for mathematical exploration; and 
(3) different teaching approaches to these activities/situations are suggested to the teachers who 

will choose them according to their own situations. 

Mathematics is still identified as the subject, but it has different meanings in each approach. 

In the canonical-structuralist approach it is: theoretical, logical, universal, culture-free, 

informative and conservative. Its teaching is one-way, isolated and reproductive. In the 

ethnomathematical approach mathematics is practical, exploratory, particularistic, socially-

based, formative, and progressive. Its teaching is debatable, integrated and productive. Like 

Zaslavsky, Pompeu argues for a project approach implemented through teacher education. 

    

In this section, the concept of ethnomathematics as used by various writers has been 

examined. The concept has various forms, but also each form has changed over time. 

Furthermore, there are several different roles intended for the construct ethnomathematics. 

The next section summarises some important requirements to emerge from this analysis for 

the form of ethnomathematics to be developed in this thesis. 
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1.5 Moving Forward 

The development of any new field is bound to be rich with divergent ideas, and hence to be 

fraught with misunderstanding and misinterpretation. So it is not surprising that the 

blossoming of ethnomathematical literature in the last ten years has resulted in divergent 

strands of development. This review of writing on culture and mathematics has thrown up a 

few persistent problems. Some of these are practical problems facing anyone who writes in 

the field, and some of the problems are conceptual ones which should be open to analysis. 

Practical Problems 

Talking Past Each Other 

The first problem facing each writer is to ensure that their writing can be related to that of 

others. If this is not carefully done then the field becomes confused with a lot of writers 

talking past each other, making a coherent reading difficult. This has occurred with 

ethnomathematics. 

A symptom of talking past each other is that quotations of other authors are made out of 

context. It is seen above that the main writers in this field are writing about quite different 

areas of the relationship between culture and mathematics. While there is considerable 

communication between the writers, and most of the writers acknowledge the work of the 

others, this is no guarantee of appropriateness in quotation. 

For example Gerdes' political agenda of political emancipation is implicit in all his work. 

However, both his general statements, and his particular investigations on sona and weaving, 

are used by Ascher in work which is aimed at broadening mathematics education generally. 

This is done without any discussion as to whether the transposition is appropriate or whether 

there is any conflict between these two purposes. 

Another example is exhibited by the research programmes of Gerdes and D'Ambrosio. 

D'Ambrosio describes his programme as seeking to uncover systematic ways of knowledge-

making. He believes that such an ethnomathematics (which also embraces  mathematics) 

should become the totality of the curriculum for that particular cultural group. Gerdes (1988), 

on the other hand, views ethnomathematics as an introduction to mathematics. His 

programme is to develop the mathematics hidden in different cultures so that members of 

those cultural groups can be initiated into mathematics in a meaningful way. These 

programmes are therefore fundamentally different. 

The use of Bishop's six 'pre-mathematical activities' is another example of misrepresentation. 

These activities have been identified by many writers as the areas in which ethnomathematics 
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can be found. Hence there has been a proliferation of writing on counting and measurement 

systems, on cultural artefacts related to designing or locating, and on culturally different 

methods of explanation or classification. Such research is vital to ethnographic understanding, 

but its incorporation into the field of mathematics is yet to be established, and was not what 

Bishop intended. 

Talking at cross-purposes also occurs within the politics of mathematics and amongst those 

concerned with the education of indigenous groups. The establishment of cultural variability 

in mathematics only raises issues in these other fields, it does not imply that mathematics 

curricula should be different, nor that the role and practice of mathematics education can 

necessarily be changed. 

Convincing Others 

A second practical problem for writers in a new academic field is to convince people other 

than themselves that there is an issue in need of resolution. For those writing about 

mathematics and culture, a key audience who must be convinced of the worthwhileness of 

their enterprise is the community of mathematicians. Many of this community are far from 

convinced. 

There are many mathematicians for whom the cultural basis of mathematics is anathema. 

Indeed they would assert that the opposite is the case, that mathematics is acultural (or pan-

cultural), and that that is precisely one of its defining characteristics. They legitimately ask 

why mathematics has been regarded as universal for thousands of years, and point to the 

universality of counting relationships (e.g. 2 + 2 = 4 whether you are in Alaska or Katmandu). 

Furthermore mathematicians will cite the lack of evidence of other mathematical systems of 

equal sophistication to the mathematics which is studied in universities world-wide. They 

readily acknowledge cultural differences in counting and measuring, in locating and design, 

but claim that that is not real mathematics. Mathematics, they assert, is the collection of 

universal conceptions which are contained in such cultural expressions, and includes the 

logical consequences of such conceptions. 

The difficulties which have been experienced in talking to the mathematical establishment 

about culture and mathematics have been interpreted politically as the forces of imperialism 

holding power in a cultural renaissance, e.g. D'Ambrosio's (1990) social-terrorism of 

mathematics in our schools, and also Borba (1990) and Bishop (1990). However, such an 

attribution of motive does not counter the arguments put forward in books such as The 

Emperor's New Mind (Penrose, 1989) and Pi in the Sky (Barrow, 1992) for a neo-realist 

position on mathematics. How does one argue that the Mandelbrot set was not a discovered 

reality, but is a manifestation of a culturally specific idea? 
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A conception of ethnomathematics must do more than counter-claim an explanation of what 

is happening in education. It must be based on a philosophical position which is at least 

recognised (if not agreed to) by those whom it wishes to influence. 

Conceptual Problems 

Theoretical Issues 

Chevallard (1990) presents a critique of the concept of culture for mathematics education and 

"argues against the cooping up of scientific problems by dividing the mathematics education 

community into small circles of experts which behave like ... mutual benefit societies" (p3). 

He is raising the issue of whether the writers in ethnomathematics are sufficiently self-

conscious and critical of their own constructs. 

Both Connors (1990) and Dowling (1991), from outside this group, present important 

critiques (see Vithal, 1992, pp33ff for a discussion of these). Connors critiques the use of 

debatable anthropological constructs, and Dowling exposes the ethnocentricity and de-

contextualisation which accompanies ethnomathematical studies. The problem is that few 

writers within the discipline debate these issues. 

One part of this problem is endemic in cross-disciplinary studies where dual (or multiple) 

expertise in more than one area is rare. Another part is that in a new field mutual support is 

needed to gain academic status. Yet another part is that constructs in a new field are likely 

initially to be naive and therefore vulnerable to detractors. While these practicalities may 

explain the existing situation in ethnomathematics, they do not circumvent the urgent current 

need to establish a strong, acceptable theoretical base. 

Methodological Issues 

The phenomenon of discipline overlap mentioned above leads to an ethnocentrism within 

most working definitions of ethnomathematics (see also Dowling, 1991). As well as the 

theoretical issue, there is the methodological one of how to go about a cross-cultural study 

(which takes place within one cultural context) which gives a role to other cultures that does 

not demean or devalue them. When using categories from one culture to describe practices 

from another, there is an assumed parallelism between practices in the two cultures. However 

this parallelism is not complete, and it is the practices in the culture being examined which 

will be incompletely represented, and therefore diminished. 

This methodological problem has a long history in anthropology, and some classic responses 

(like trying to universalise cultural categories, or by claiming a consciousness of the problem 

and therefore a special observer status), have been shown to be inadequate. Both these 
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responses are represented in ethnomathematical literature (D'Ambrosio's ethnomathematics as 

knowledge-making; Ascher's caveat (1991, p3)), and need to be debated and developed. 

Educational Consequences 

A third theoretical problem is that of the derived consequences of a concept of 

ethnomathematics, in particular the educational consequences (although there are some for 

mathematics as well). 

This problem reaches expression amongst teachers, particularly those working with minority 

or non-dominant groups. For example, in Maori bilingual classes in New Zealand, there has 

been discomfort with the way in which culture is being incorporated into the mathematics 

programme. One aspect is political, for example the issue of European teachers introducing 

Maori culture to Maori children. Another aspect is the use of cultural items to introduce 

mathematical ideas which are clearly not from that culture, for example using Maori rafter 

patterns to teach transformation geometry. Teachers are aware that the rafter pattern is being 

isolated from its context in a way which might not be approved of by the Maori artist, nor by 

the wider Maori community (see Barton & Fairhall (1995) for a description of this "Trojan 

horse" phenomenon). 

The exact role of ethnomathematics in mathematics education is equivocal. The search is for 

a relevant, coherent mathematics curriculum which does not contribute to cultural alienation, 

but which provides access to technology, further education and employment. The role of 

ethnomathematics in this respect has been articulated (see Chapter 6), but is, so far, unproven. 

Moving Forward 

To resolve these problems it is not necessary for everyone to agree on one definition for 

ethnomathematics, one purpose, one philosophy, one methodology, and one educational 

application. However, it is necessary that the various definitions, etc, can be referred to and 

debated. Thus it is necessary to establish the following. 

• A theoretical framework which can show the various definitions and their purposes in 

relation to each other. It must provide a description of the activities of those working in 

ethnomathematics, and relate the discipline to mathematics itself. 

• A philosophical and theoretical base for the concept of ethnomathematics. This need not 

be a single, completely argued position, but rather it must be shown that any concept of 

ethnomathematics is consistent with an acceptable philosophy, and its practice is 

theoretically grounded - this grounding must either be consistent with related disciplines, 

or else it must be explicitly shown how the theory differs from them. 
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• Acceptable ways of working within the field. These ways need not be universally agreed 

to, but they should at least be stated and open to discussion. 

• An acknowledgment of the problematic nature of educational consequences of any 

concept of ethnomathematics. This is an emerging area in which there is an urgent need 

for debate and recognition of the issues which are arising. Despite D'Ambrosio's attempts, 

it is probably too early to develop a theory which can accommodate both the political 

realities of twentieth century education and the predominantly political aspirations of 

minority or non-dominant cultural groups. 

The following two chapters examine some related areas for contributions towards a 

philosophy and a theoretical position. Then Chapters 4 and 6 make a contribution towards the 

four needs expressed above. 
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2 Related Areas in Mathematics 
& Mathematics Education 

This chapter stands slightly to one side of the main theme of the thesis. The last chapter 

examined writing about culture and mathematics which is identified as about 

ethnomathematics. This chapter examines several other bodies of writing which deal with the 

relationship between culture and mathematics, but which approach this relationship from 

different disciplines. 

These corpora are considered for two reasons. On the one hand, it is necessary to trace the 

directions they have taken, and to understand what they can offer to the concept of 

ethnomathematics. On the other hand, it is necessary that any constructs created in this thesis, 

(in particular any conception of ethnomathematics), are related to current thinking in other 

areas. In addition, it may turn out that the concept of ethnomathematics will be useful for 

resolving issues in those other fields. 

The four areas considered are those arising from anthropology, sociology, history, and 

politics. It is not the purpose of this chapter to give an in-depth survey of the literature of 

these fields, indeed that would not be possible in a work of this length. It is intended, 

however, to be comprehensive, i.e. all significant mathematics education writers are 

mentioned, and all relevant areas within these fields are described. Some issues which are 

particularly important for ethnomathematics are examined in more depth. 

The chapter begins with an explanatory framework showing the relationship of these areas to 

mathematics, and how ethnomathematics might fit in. Then each area is considered 

separately. 

In each area it is necessary to identify whether mathematics, or mathematics education is the 

subject of investigation. Both the sociology and anthropology of mathematics have developed 

over this century (Spengler, 1926, Struik, 1942; Restivo, 1983); writing concerning the 

sociology or anthropology of mathematics education is part of general educational literature 

(Spindler, 1974). The history of mathematics is also of long standing, although the 

historiography of the subject has only recently been addressed (Crowe, 1975a, p161; Gillies, 

1992a). The history of mathematics education is much more recent, and, apart from some 

accounts of teaching mathematics (Wilson, 1935; Yeldham, 1926 & 1936), dates from the 

time when mathematics education became recognised as an academic discipline, i.e. about 

thirty years ago (Bidwell & Clason, 1970; Libbrecht, 1973; Swetz, 1974 & 1987; Bibby, 

1990). Work on the politics of mathematics and of mathematics education is very recent, and 

it is often difficult to separate the two (Ernest, 1995; Mellin-Olsen, 1987; Julie et al, 1994). 
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The next chapter deals with the philosophy of mathematics and mathematics education, and 

the nature of mathematics itself, before returning to the main theme of the thesis and creating 

a definition of ethnomathematics in Chapter 4. 
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2.1 An Explanatory Framework for Mathematics 

Increasingly over the last century there are people who have written about mathematics as 

philosophy, as an art, as a science, and as a culture. Within a European knowledge 

framework, this writing can be described as anthropological, historical, philosophical, 

political or sociological. Furthermore, within each of these, there are different orientations. 

For example is 'the anthropology of mathematics' the same as, or to be distinguished from: 

ethnomathematics; writing about mathematics in different cultures; writing about the culture 

which is mathematics; and writing about mathematics as a cultural phenomenon? 

The first part of this chapter distinguishes between such different perspectives. Each is then 

reviewed for its themes, problems, recent developments, and future directions. In this it is 

related to ethnomathematics, and that relationship is examined for contradictions and 

contributions. 

The four areas of anthropology, history, politics and sociology, overlap considerably. Most 

authors, indeed most pieces of writing, contribute simultaneously to more than one of the 

above areas. It is not intended to categorise any particular piece of writing by citing it in one 

of the following subsections. The framework below is justified as a preliminary organiser so 

that trends may be identified. 

The Framework 

The framework I have constructed is based on a continuum which represents the extent to 

which the subject of the writing is inside or removed from mathematics. At one end is pure 

mathematics which need not have connections to the physical world or to other fields. Along 

the continuum the topic is more about mathematics, so that at the other end, mathematics is 

the object of study. It is acknowledged that such a device oversimplifies the diversity of the 

corpus, and in particular it is a travesty of the interrelationships to locate the writing along a 

linear scale. Nevertheless, it proves useful if we bear these deficiencies in mind. 

As we move along the continuum there is a branching of the writing into the three strands of 

this section: anthropology, history and sociology. The boundaries between these are not 

necessarily clear, in particular the distinction between sociology and anthropology (i.e. 

between social and cultural). The former is more about organisation of groups of people (e.g. 

institutions), whereas the latter is about modes of practice and communication (e.g. 

language). These often overlap. The branching represents the theoretical basis of the writing. 

On this continuum there is an indistinct dividing line at about position 4 which has "writing 

mathematics" to the left and "writing about mathematics" to the right. 
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A Framework for Mathematical Writing 

1       2             3              4               5            6             7 

•-----------+-------------+-----------------+-----------------+-------------------+------------------+---> 
PURE APPLIED MATHEMATICAL [i n c r e a s i n g   d i s t a n c e    o f   s u b j e c t   f r o m   m a t h e m a t i c s ---->] 
MATHS MATHS STUDIES  
 
i d p   (SPECIFIC THE HISTORY OF THE HISTORY OF HISTORIOGRAPHY 
n i e HISTORICAL STRAND: (HISTORICAL MATHEMATICAL MATHS AS A BODY OF 
c s r  |  (INCIDENTS THEMES OF KNOWLEDGE  MATHEMATICS 
r t s V 
e a p   (MATHEMATICS THE SOCIAL THE SOCIAL MATHS AS A 
a n e SOCIOLOGICAL STRAND: (IN SOCIAL HISTORY OF SYSTEM OF SOCIAL 
s c c  |  (SITUATIONS MATHEMATICS MATHS PHENOMENON 
i e t V 
n  i   (POLITICS POLITICS OF THE MATHS AS A 
g o v POLITICAL STRAND (OF DEVELOPMENT POLITICAL FORCE 
 f e  |  (MATHEMATICIANS OF MATHEMATICS IN SOCIETY 
   V 
 |  |  |   (MATHEMATICS DESCRIPTIONS OF THE CULTURAL MATHS AS A 
V V V ANTHROPOLOGICAL STRAND: (IN CULTURAL THE CULTURE OF SYSTEM OF CULTURAL 
     (SITUATIONS MATHEMATICS MATHEMATICS PHENOMENON 

 

1 Pure Mathematics: pure mathematicians recording their work, e.g mathematical journals & conference 
proceedings. 

2 Applied Mathematics: writing which uses mathematics explicitly within other subjects, e.g. theoretical 
physics, econometric or engineering journals. 

3 Mathematical Studies: writing which is mathematical, but which is not so identified, e.g. design, navigation. 

4 a) Specific Historical Incidents, e.g. the circumstances of the Newton/Liebnitz controversy over calculus. 
 b) Mathematics in Social Situations, e.g. the use of statistics by Florence Nightingale to improve health 

policies 
 c) Politics of Mathematicians, e.g. descriptions of the way early women mathematicians were ignored and 

their results appropriated 
 d) Mathematics in Cultural Situations: descriptions of activities which are particular to a cultural grouping, 

but which might be described as mathematical, e.g. weaving systems, counting procedures, sporting 
statistics 

5 a) The History of Mathematical Themes, e.g. the development of the concept of number 
 b) The Social History of Mathematics, the relations between the social environment and the mathematical 

ideas of the time 
 c) Descriptions of the Culture of Mathematics: the relations between the (ethnic and national) cultural 

environment and the mathematical ideas of the time 

6 a) The History of Mathematics as a Body of Knowledge, e.g. Bronowski's The Ascent of Man (1973) 
 b) The Social System of Mathematics: e.g. descriptions of the society of mathematicians as a professional 

body 
 c) Politics of the Development of Mathematics, e.g. analysis of Defence funding of American 

mathematicians working in certain fields 
 d) The Cultural System of Mathematics: the way in which mathematics is itself a system or a culture, and 

which describes its cultural characteristics, e.g. Wilder (1981). 

7 a) The Historiography of Mathematics: analysis of the perspectives from which histories of mathematics 
are written 

 b) Mathematics as a Social Phenomenon: writing which describes mathematics as a product of societies in 
general 

 c) Mathematics as a Political Force in Society: writing which analyses the power of mathematics, e.g. as a 
colonial weapon (Bishop, 1990) 

 D) Mathematics as a Cultural Phenomenon: writing which describes mathematics as a way of knowing, or 
places it in relation to other cultural forms such as art or religion 
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Perspectives 

With regard to each of the areas anthropology, history, sociology and politics, we may 

distinguish between, say, the anthropology of mathematics and an anthropological 

perspective. The former is located around positions 4 and 5, and is a particular field which 

studies mathematics as a feature of cultural groups (or social groups, or history, or politics). It 

answers questions such as: how does mathematics develop within various cultures, and how 

does it relate to other aspects of specific cultures? Such studies will usually consider 

mathematics within a particular context. An example in anthropology would be Pinxten's 

work on Navajo mathematics (Pinxten, van Dooren and Soberon, 1987) or Crump's work on 

Number (Crump, 1989). An example in sociology would be Herbert Mehrtens survey of 

mathematics in the National Socialist Germany of the 1930's (Mehrtens, 1993). 

An anthropological (sociological, historical, political) perspective, however, describes a more 

removed body of work: positions 6 and 7 on the continuum above. It could alternatively be 

described as a meta-anthropology (meta-sociology, meta-history, meta-politics). In this work 

mathematics is the secondary subject of attention, the construct of culture (society, history, 

political power) is the first subject. Thus (at position 6) mathematics may be regarded as a 

cultural/social system itself, and the object of attention is how it functions as a system, not 

what mathematics is like qua mathematics. The secondary subject could just as well be 

science, or literature, or art. Wilder's (1981) work which developed into the Crowe-Daubin 

debate (Gillies, 1992a) is an example in the area of culture. 

At position 7, mathematics is also a secondary subject, but the attention is now on how 

mathematics exists as a part of any culture (society, history, political system). No one 

particular culture is being considered here: rather it is a description of the role of this 

knowledge form in relation to the way in which humans organise themselves and their 

knowledge. Again it need not be mathematics which is singled out - it could be religion, or 

art, or language. In the area of politics, an example is Bishop's (1990) article on mathematics 

as a weapon of cultural imperialism. 

Ethnomathematics 

Where might ethnomathematics fit into this scheme? D'Ambrosio's recent writing seems to be 

around position 7 (D'Ambrosio & Ascher, 1994), but most of the other material is around 

position 4: it describes cultural practices which can be called mathematical. Ascher's (1991) 

work seems at first glance to be in that position, but she brings explicit attention to the idea 

that perspective is important: that a practice may be regarded as mathematical only by the 

observer, in which case it bears a different, non-mathematical relationship to the culture in 

which it resides. Thus she is removing herself further from the mathematics, and more into 
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the cultural context surrounding it, i.e. her writing should be located further along the 

continuum. 

And is ethnomathematics part of an anthropological, social or historical perspective? Much of 

the work is, at face value, historical, for example Gerdes' concept of unfreezing the frozen 

mathematics in cultural practices (Gerdes, 1986b). D'Ambrosio often refers to 

ethnomathematics as a programme in the history of mathematics (e.g. D'Ambrosio, 1989). It 

is also explicitly linked with anthropology. An example is the joint work The Code of the 

Quipu (Ascher and Ascher, 1981), the work of anthropologist (Robert Ascher) and 

mathematician (Marcia Ascher). The experience of working simultaneously in these two 

modes is graphically described in D'Ambrosio & Ascher (1994). With respect to sociology, 

the definitions of culture given by D'Ambrosio, and widely adopted by others, make it clear 

that a cultural group for the purposes of ethnomathematical study may parallel what is 

regarded as a social group. For example D'Ambrosio refers to the ethnomathematics of 

subgroups within the mathematics profession (D'Ambrosio, 1985c, p45). 

While acknowledging these surface features, a criterion by which a discrimination may be 

made is the theoretical base on which the writing is drawn. It could be said that 

ethnomathematics is in the process of developing its own theoretical base, drawing 

eclectically on a number of theorists. Anthropology, however, is probably the main 

contributor, as evidenced by the influence of Ascher and L. White (see Section 1.2). 
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2.2 Anthropology 

Anthropology is the field most closely linked to ethnomathematics by various writers (e.g. 

D'Ambrosio, 1985c, p44; Gerdes, 1994a, p20), and is the place from where the theory of 

ethnomathematics is drawn (Wilder, 1981; Bishop, 1988a, pp3-15). Anthropological writing 

about mathematics is considered below, followed by writing about mathematics education. 

Themes in Anthropological Writing about Mathematics 

This account looks first at writing around positions 4 & 5 on the framework, and concerns 

studies of mathematical features of particular cultures, or mathematics as a part of particular 

cultural groups. It then examines anthropological perspectives on mathematics, i.e. writing at 

positions 6 & 7 on the framework. This includes work on the wider concepts of mathematics 

as a culture, and of mathematics as a general cultural phenomenon. 

Directions in the Anthropology of Mathematics 

An Overview of Development 

In the eighteenth and nineteenth centuries, as Africa and other colonial territories were being 

explored by Europeans, there was a considerable amount of work describing 'primitive' 

cultures. The anthropological theorising regarded societies in Africa, for example, as early 

forms of civilisation, and the sophistication of the counting systems were one of the simple 

measures of how far a particular society had developed. Thus anthropological studies 

contained descriptive accounts of the numeracy and design characteristics of different people. 

Stigler & Baranes (1988) review this fascination with the theme of 'primitive' in anthropology 

and cross-cultural psychology, and describe how it has developed from a superior, 

ethnocentric view into an appreciation of the culturally constituted nature of our own thought, 

and of mathematical thought in particular. Writing on mathematics in different cultures today 

deals more with whole structures of thought: for example Pinxten on the Navajo mentioned 

above, or Cooke (1990) on Australian Aborigines. The stated intent of such writing is to 

encourage reflection on the cultural nature of mathematics, and to thereby challenge the idea 

that mathematics is universal. Bishop's book on Mathematical Enculturation (1988a) includes 

a section where the universal/cultural distinction is elaborated by discussing pan-cultural 

activities which are significant for the development of mathematical aspects of any culture. 

Connors (1990) criticises this stance in that it uses an anthropological concept (that of a 

'cultural core' applicable to all cultures) which has not proved viable in the field of 

anthropology. 
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Bishop maintains that one amalgam of the pan-cultural activities has developed into the 

Mathematics (with a capital M) which is commonly regarded as universal. His explanation 

makes it clear that the intellectual sphere has been dominated by those increasingly 

technological cultures which have together developed Mathematics. Other culturally 

constituted mathematical thinking is either subsumed as part of the imperialism of such a 

widely recognised body of knowledge, or it is sidelined by a definition of mathematics which 

legitimates only Mathematics. Thus the cultural background is universalised (see Section 4.3 

below). 

Given such a situation, other cultures' counting systems or design practices can only be 

interpreted as inferior versions of Mathematics. Descriptions of (mathematical) systems of 

thought in other cultures have had to wait for a change in anthropological orientation to one 

in which other cultures can be recognised as containing different conceptual structures rather 

than earlier forms of a universal structure. 

This has not halted studies on, for example, the counting systems of other cultures. Indeed a 

comprehensive account of 1800 counting systems from the Pacific has been the subject of a 

recent PhD thesis (Lean, 1995). But these are now regarded as studies of Counting Systems, 

which may be mathematical, but are only a small part of the mathematical thought of any 

culture (see Crump, 1989). The anthropology of mathematics (small m) encompasses much 

wider perspectives, and draws parallels with academic Mathematics at the level of integrated 

systems of cognition, rather than at the level of mathematical practices. 

The transition has been a slow one. In retrospect we can look back at Zaslavsky's (1973) book 

on African mathematical practices as the first in a series of sympathetic descriptions of other 

cultures' mathematics. P. Harris' (1991) work on Australian Aboriginal conceptions of time 

and space is an example of a wider perspective which categorises aspects of perception and 

cultural practice as mathematical. 

Cooke's (1990) description of Yolgnu genealogy goes the next step by claiming this cultural 

mode as a 'mathematics' in the general sense. He discusses three definitions of mathematics. 

One definition arises "from its characteristics and prominence as a basis for the schema of 

European culture" (p4). Any search for such mathematics in other cultures is doomed to 

failure. A second definition assumes that "mathematical activity is a human characteristic and 

thus pan-cultural ... and the prominence of mathematical thinking varies widely from culture 

to culture" (p4). A search for this type of mathematics in other cultures will be successful, but 

does not help to shed light on the culture itself because the description is in Western terms. 

Finally (Cooke, 1990, p5): 

Thus a third and far broader way of defining mathematics is to view it as society's system for 
encoding, interpreting and organising the patterns and relationships emerging from the human 
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experience of physical and social phenomena. The emergence of a cultural schema is then a 
manifestation of the continual negotiation and refinement within a society of a framework for 
discerning patterns and for describing/defining their governing rules and interrelationships as a 
coherent, ordered system of meaning. Whilst this process is common to all cultures the resulting 
schemata can be fundamentally different. 

The Problem of Identification 

A problem with such mathematical/anthropological studies is recognising and defining other 

cultural systems. It is not surprising that those currently being written about are from those 

cultures which are most removed from internationally recognised knowledge forms. For 

example the Inca society described by the Aschers was remote in time, and the contemporary 

Navajo (North America) and Yolgnu (Australia) systems described by Pinxten and Cooke are 

from recognisably different cultures. 

If distinct mathematical systems exist in contemporary developed societies, then they are 

likely to be intertwined with Mathematics. This occurs because Mathematics education is 

almost universal, and school Mathematics focuses on places where Mathematics relates to the 

mathematics of the student. Those parts of a student's mathematics which are not legitimated 

are further dismissed. Hence, not only will those parts be difficult to isolate for study, but 

they will also be difficult to recognise as mathematics. For example, imagine the difficulty of 

describing the differences between the mathematical practices of children in, say, Japan and 

Italy without school Mathematics becoming a dominant theme. This problem is exactly that 

identified by D'Ambrosio in his research programme (D'Ambrosio, 1985c, p47). 

In the case of cultures remote from international academia another problem arises. The 

structure being described is incomprehensible in its totality to any observer from outside that 

culture, but its importance as a description of mathematical thought may be unknown to 

participants inside that culture. Hence, finding the appropriate mathematical anthropologist is 

a serious problem. What is worse, is that having achieved a description, the extent to which 

the system is presented as mathematical is also the extent to which it is removed from its 

context and thus corrupted as a true description. 

These problems do not make the anthropology of mathematics pointless, however. It seems 

likely that future studies will explore increasingly complex, culturally specific systems of 

relationships, and that the mathematical nature of these relationships will be increasingly 

recognised. The value of such work is that it widens the concept 'mathematics' so that it is less 

ethnocentric, and distinguishes it from the techno-subject 'Mathematics'. 

The 'recognition problem' can be taken as one of the characteristics of ethnomathematics. It is 

one thing to identify a mathematical system and to describe it as a mathematical system. It is 
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another to try to understand it from the point of view of the host culture while standing in a 

mathematical world. An example may elucidate the issue. 

At the Australasian Bridging Mathematics Network Conference (Bachelor College, Bachelor, 

July, 1995), Michael Cooke as a keynote speaker presented a view of Yolgnu gurrutu 

(genealogy) as Yolgnu mathematics using his third definition (see above) (Cooke, 1990, pp4-

5): 

Under [the third definition] an investigation of Yolgnu mathematics becomes a study of gurrutu, 
which can only inadequately be translated into English as a study of Yolgnu kinship. ... Gurrutu 
is as difficult a concept to express in English as Western mathematics is in Djambarrpuylgnu 
language. They share in common that they are both ordered systems of meaning characteristic of 
the respective cultures in which they are embedded. 

The perspective difficulties involved in such study is glimpsed by an incident that occurred at 

the end of the presentation. Michael Cooke turned to a group of Yolgnu people present at the 

conference and asked whether they wanted to comment on his interpretation of gurrutu. There 

was no reply at all: the group appeared at a loss as to know how to respond. 

This should not surprise us if we consider a reversed situation. Consider a Yolgnu person who 

had had a successful education in European terms, and who spent some time studying 

mathematics (without being a mathematician). Imagine that this person was invited to speak 

at a gathering of Yolgnu elders who were discussing the intricacies of gurrutu, to explain how 

European mathematics related to gurrutu. Further, imagine that some European observers 

were present, and, at the end of the presentation, were asked to comment on the interpretation 

of mathematics given. 

There is nothing the observers could say. The interpretation was given specifically in relation 

to gurrutu which they know nothing about. How could they judge whether it was accurate or 

not? It would not be mathematics, but it was not intended to be. Similarly, what Michael 

Cooke explained to the conference was not gurrutu: it was some aspects of gurrutu which 

were recognisable as mathematical and which participants could relate to. 

Michael Cooke was engaging in ethnomathematics: he was describing the mathematical 

aspects of a cultural system, trying to show how that system is conceived from within that 

other culture, but limited in this attempt by a mathematical orientation. The imagined Yolgnu 

person above could, equivalently, be regarded as doing 'ethnogurrutu'. 

Exposing Mathematics 

Another way in which the concept of mathematics is being widened is in the work of George 

Joseph (and others) who are challenging the accepted histories of mathematics as a Western 

science (e.g. Joseph, 1992; Berggren, 1986; Siu, 1993). In doing this, fundamental 
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characteristics of mathematics are being questioned and the construction of mathematics as a 

European science is seen as limiting (Joseph, 1994, p201-202): 

The non-recognition of the foundational conceptions and methodologies of non-European 
mathematical traditions has restricted our understanding of the nature and potentialities of 
mathematics. Can we seriously believe that we come to grips with the foundational tensions in 
modern mathematics without recognizing the deeper culturally determined ideological differences 
that went into the creation of this mathematics: stress on becoming (dynamic) versus stress on 
being (static), constructibility versus indirect proof, empiricism versus idealism ... the polarities 
are many and hardly ever discussed. 

Joseph is not only questioning the origins and nature of mathematics, but also the culturally 

determined way in which we think about it. 

Situated Cognition 

The anthropological studies so far described are related to the parallel areas of situated 

cognition and mathematics and language, which come mainly from a psychological tradition. 

A research synthesis of these areas is given in Nesher and Kilpatrick (1990). 

Situated cognition focuses on mathematical activities and practices rather than on the written 

corpus of mathematics as a cultural construct. It also takes a smaller social unit than the 

ethnic or national cultures so far mentioned. Lave (1988) explores cognition in a cultural 

context and describes some of the difficulties in this area. She rejects a functionalist 

conception of culture as a completed entity shaped in socialisation, and seeks an evolving 

model of culture. What she calls a social anthropology of cognition is a theory of individual 

practice. She chooses arithmetic as a vehicle for this study for methodological reasons, and 

argues that the source of mathematical practice is found in everyday settings rather than in 

school classrooms. 

Lave argues that it is unhelpful to analyse arithmetical thinking using the pre-judged, 

scholastic view of arithmetic as an exemplar of rationality. Algorithmic processing is the 

model, and arithmetic is identified as technique. However, mathematics is not a mental 

exercise except in its pedagogical guise. Such scientific 'myths' make the socio-cultural 

aspects invisible. Research on everyday mathematics practice challenges the idea of 

rationality in arithmetic because it is exposed as a quantitative activity taking different forms 

in different situations. 

Saxe (1991) uses candy sellers' mathematics to illustrate out of school learning, as does other 

work coming out of South America on street vendors and peasant farmers (see Nunes (1992a) 

for an overview). The point of such investigations is to focus attention on the way in which 

goals and functions affect the form of mathematical practice. These are sociological aims, 

rather than part of the anthropology of mathematics. As such they illuminate the relationship 
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of individuals with the society in which they live, rather than the actions of individuals as 

examples of cultural norms. 

Language and Mathematics 

Language and mathematics is a very large body of writing, and a proper review is outside the 

scope of this thesis. Recent surveys include Laborde (1990), Stevens et al (1994), and Durkin 

& Shire (1991). 

Most of the work linking mathematics and language is in mathematics education (see below). 

Pinxten (1994) notes that a weak version of the Whorfian hypothesis (i.e. that language and 

thought co-determine each other) is now generally accepted by linguistic anthropologists. He 

discusses the implications of this for the development of mathematical ideas in young 

children, notably that the "world view" of the child must be linked to the "world view" 

embedded in the language of mathematics before successful learning can take place. 

More and more practitioners in mathematics and mathematics education are working at 

cultural interfaces, and are therefore having to deal with language issues. For example: the 

increased migration of Chinese, Koreans, and Malaysians to Pacific Rim countries; the leap in 

mathematical exchange through internet; and the renaissance of indigenous peoples using 

educational initiatives, are three situations which have highlighted the role of language in 

mathematics. These developments have challenged the general perception of mathematics as 

the subject most free from linguistic influence. More communication will show up problems 

at a deeper level, and linguistic anthropology is likely to become more relevant for the 

mathematical arena. 

Anthropological Perspectives on Mathematics 

First Thoughts: Oswald Spengler 

Leaving aside, now, the particular field of the anthropology of mathematics, and moving 

along the framework described above, there has been a long development of writing on 

mathematics from an anthropological perspective. There is a growing awareness of 

mathematics as a differentiated feature of all cultures, although it is now recognised that 

calling this feature 'mathematics' is part of an ethnocentric tradition of knowledge. Perhaps 

the first writer who acknowledged this explicitly and who attempted to describe mathematics 

in relation to culture was Oswald Spengler (see Section 1.2). 

To summarise, Spengler's grand conception was that a mathematic (singular) was a feature of 

each cultural era (like art or architecture), and that all features grow, flourish and decline 

contemporaneously in every culture (Spengler, 1956). Spengler focussed on the conception of 

number. Number is, he claimed, a representation of thought, of a conception of the world. 
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The difference between the Classical and the Western mathematics, for example, is the 

conception of number as measurement in the former, and the conception of number as 

relation in the latter. The important point made by Spengler is that this is not a development, 

there is a destruction of the concept of number of the previous cultural era. It is interesting 

that, 80 years after Spengler, a modern version of this idea is part of the debate over whether 

mathematics exhibits Kuhnian revolutions (see Gillies, 1992a). 

The Decline of the West (Spengler, 1926) is primarily about history. The chapter on 

mathematics is an example of Spengler's general thesis about cyclical cultural development. 

He is arguing that mathematics is a part of culture, and is demonstrating the dependence of 

culture on all its parts, including this one. Each culture's mathematic is a reflection of the 

underlying nature of that culture. 

Such a stance was a radical departure from the thought of Spengler's day. Spengler was not 

claiming that mathematics stagnates, nor was he debating the nature of mathematical truths. 

He was arguing that the understanding of mathematical concepts is reflected in the culture of 

the time. That is, that everyone comprehends mathematics according to their cultural 

understandings, and that the members of one culture cannot understand the basic 

mathematical ideas of another. Spengler was discussing our understanding of mathematics, 

not expounding on mathematics itself. He was not adopting a relativistic stance on the 

existence of mathematical objects - he was avoiding such a debate altogether. This 

concentration on cultural perception and avoidance of philosophical debate has become a 

feature of much later writing. 

The Last Sixty Years 

In the period from 1930 to the 1960's the idea developed that mathematics grew in response 

to the cultural make-up of each era. Notable were Hardy's (1941) A Mathematician's Apology, 

Keyser (1947), and book of essays edited by Schaaf (1948) on the nature and cultural 

significance of mathematics. This writing has diverged into related threads, of which four can 

be identified. 

One of these threads focuses on the way Mathematics as an academic subject has affected, 

and been affected by, different aspects of society. The sociology of mathematics was 

identified as an important study by the historian Struik (1948), and has gained renewed 

impetus from the writings of Bloor, Restivo, Fischer and others (see Bloor, 1976, 1994; 

Restivo, 1983 and 1992; Restivo, van Bendegem and Fischer, 1993). This corpus can no 

longer be considered anthropological as it increasingly draws on sociology, particularly the 

sociology of knowledge, as its theoretical base (cf the work on situated cognition). This 

theme is taken up in Section 2.4. 
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A second thread is that which seeks to maintain the place of Mathematics as an Art in the 

sense of the word used in academia, i.e. as within the Humanities. This tradition has a long 

history, (writers such as Plato, D'Alembert or Bacon have been associated with it), but is 

undergoing a renaissance guided by A. White under the banner Humanistic Mathematics 

(White, 1993). This movement represents a compromise between the relativistic basis of the 

sociology of mathematics, and the realism of those who remain in the tradition of Hardy 

(1941). 

A third thread concerns mathematics as part of the culture of humankind - as a feature of the 

way humans come to know. In 1949 L. White wrote 'The Locus of Mathematical Reality: An 

Anthropological Footnote' (later re-published in Newman's collection, see (White, 1960), and 

a discussion in Section 1.2), which took up Spengler's theme of mathematics having a cultural 

existence. White, however, wished to make a different point, namely, that while mathematics 

is outside any one human mind it is entirely contained within a cultural collective of human 

minds. 

Kline's Mathematics in Western Culture (1953a) and Bronowski's The Ascent of Man (1973) 

can be viewed in the same light. Both works describe mathematics as a feature of cultural 

organisation, and place it in relation to other cultural features such as architecture, fine art, 

and music; although both are written from a Western cultural viewpoint. 

The use of 'mathematics' to describe a way of human understanding has been taken up by 

D'Ambrosio in a much more pro-active way. The elaboration of what he means by 

ethnomathematics has taken him away from particular cultural practices to the encompassing 

concept of a research programme in history and philosophy "not just of mathematics, but of 

everything" (D'Ambrosio & Ascher, 1994, p43). He says that every human activity brings 

with it mathematical aspects, and that these, collectively, form the way in which we come to 

understand our world. The reason for recognising this is to stop Mathematics (Bishop's 

techno-subject, see above) exercising a 'social terrorism' over different groups of people 

(D'Ambrosio, 1990, p23).  

Thus, the study of mathematics as knowledge has moved from an anthropological task, to a 

more political one. This comes from an increasing awareness of the importance of who it is 

who is defining (and thus creating this knowledge), and of who is gaining from mathematics 

defined in this way. One manifestation of this is the formation of the group known as the 

Political Dimensions of Mathematics Education (PDME) (Julie et al, 1994). The politicisation 

of the anthropological writing will bring problems of definition and competing 

historiographies rather than archaeological difficulties of tracing previous mathematical 

practice. 
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D'Ambrosio, by using the term ethnomathematics for his encompassing vision of 

anthropological writing, seems to be wanting to claim a universal human endeavour, and to 

be reneging on the relativistic claims of his early writing. There is, however, another 

interpretation. D'Ambrosio might be drawing our attention to the idea that everyone, from 

within their cultural framework, can identify what they perceive to be universals. From within 

a European knowledge framework there are a set of these which have to do with logic, 

relationships, design, and so on, i.e. mathematical universals. This is not to say that they are 

universals in some "Eye of God" sense, only that there seem to be universals to those of us in 

that framework. These 'relative' universals form the basis of what D'Ambrosio wants to call 

ethnomathematics. 

This leaves open, indeed it almost demands, the possibility that people in other cultures may 

also see universals as they observe the cultural diversity of humankind, but that they will not 

describe them in the same way. They will use their own cultural schemata to articulate such 

universals: hence 'ethnogurrutu' mentioned above. The effect, therefore, of D'Ambrosio using 

ethnomathematics as an aspect of the encompassing, anthropological view is to require a 

reconception of mathematics separate from Mathematics (the formal, learned, academic 

subject). In this he is politically motivated (see below, Section 2.5). 

The fourth thread to anthropological writing is mathematics as a culture itself. This originated 

in the work of anthropologist L. White (1949, 1959) and mathematician Wilder (1950, 1969, 

1981) (see Section 1.2). Each man reviewed and cited the other's work, and in his (1981) 

book Wilder examines cultural systems in general as a prelude to examining mathematics as a 

cultural system. He describes this strategy as a theoretical device for understanding the 

development of mathematics, and uses it to state 'Laws' governing the evolution of the 

subject. 

Wilder's work is not the first reference to such 'Laws'. Crowe (1975a, 1975b) postulated sets 

of laws of historical and conceptual change in mathematics. One of these in particular (Law 

10) denied the possibility that mathematics was subject to 'revolutionary' change in the sense 

of Kuhnian revolutions in science. Wilder (1979) modified this law, then Daubin (1984) 

asserted that mathematics does undergo revolutions, and Dunmore (1992) presented an 

alternative concept of meta-level revolutions. It has since been named the Crowe/Daubin 

debate and is detailed in Gillies (1992a) (see Section 2.3). The discussion is getting 

increasingly metaphysical although the role of the debate in establishing the use of key words 

is acknowledged by most writers. In particular, terms such as 'revolutionary change' and 'law' 

are being re-established in a mathematical context. 
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The contribution of the debate to ethnomathematics is to provide an example of how 

meanings of words are subject to shift, and thereby to make it easier to also shift the meaning 

of words such as 'mathematics', 'rationality', and 'logic'. 

Summary 

There are several quite different ways in which mathematics is related to culture. The 

distinctions partly rest on the way in which 'mathematics' is used: whether it refers to the 

academic techno-subject Mathematics, or to a wider way of human knowing. Another aspect 

of the distinction is the way in which 'culture' is used: whether it is a particular culture in the 

ethnic sense, or an expression of the totality of human interaction and endeavour, or a term 

for the characteristics of mathematics itself. 

Not all of the writing in these areas is anthropological. Theoretical foundations from 

sociology and psychology, for example, inform some contemporary work. However, valuable 

contributions have arisen from conjunctions between anthropology and mathematics: in two 

documented cases this has been represented by the collaboration of particular individuals. 

And amongst all the new directions being taken it is possible to identify a general trend 

towards characterising mathematics as a product of human minds as we strive to structure our 

world. 

Anthropological Perspectives on Mathematics Education 

When we turn our attention to mathematics education the focus shifts more directly onto the 

ways in which mathematics might serve humankind. Six directions in which anthropological 

perspectives are contributing to mathematics education can be identified. 

Much writing which seems to be about culture and mathematics education is actually about 

culture and mathematics, i.e. it is about the education of a cultural view of mathematics. For 

example, this is part of the aim of the Humanistic Mathematics movement mentioned above 

(White, 1993), and is also reflected in the work of Gerdes in Mozambique (e.g. 1986b, 1988a, 

1988b), and Zaslavsky in USA (1991a & b, 1993). Gerdes uses relevant cultural examples of 

mathematics as inspiration for Mozambican students to enter the field and to become able to 

utilise its technological advantages. Zaslavsky, in a similar fashion, seeks to improve access 

to mathematics for cultural groups who have been alienated from the subject in school. She 

also intends to broaden the view of mathematics for all students as a contribution to 

intercultural understanding. 

A second direction is in the theoretical work of Bishop. His aim is to elaborate a more 

appropriate way to conceive of mathematics education, and since, in his view, mathematics is 

a cultural phenomenon, he uses anthropological constructs. Bishop (1988a, Chpt 1) details 
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these constructs, and then uses them to suggest ways in which it is possible to relate people 

(specifically children) to their mathematical culture. In this he is focussing on the culture of 

mathematics and how it might be taught or acquired. 

Stigler, pursuing another direction, seeks to use anthropological concepts to illuminate the 

way mathematics education takes place in different cultures (in the ethnic sense). His early 

work with Baranes (1988) details these foundations and describes research on mathematical 

learning (both in and out of school) in different cultures. He argues that the benefit of cross-

cultural studies in mathematics education is that cultural practices appear implicit to those 

who participate in them. Thus recognition of certain aspects of our own mathematics 

education practice will only become apparent when seen in the light of those of other 

cultures. 

Stigler's more recent work (indeed, the major research programme which he leads (Stigler et 

al, 1990)) is concerned with cross-national comparisons between American mathematics 

education and that of Asian countries. The focus of attention is not only cognitive differences 

and the effect of different classroom practices, but also the impact of differences in the 

institution of schooling. One emphasis in this work is that of cross-cultural psychology, and 

whether there are cultural differences in learning modes, or whether culturally different 

cognitive styles can be recognised and used to enhance mathematics learning. 

As cultural differences in mathematics education become more apparent, there is likely to be 

more attention on why this is so. IEA surveys and the Mathematics Olympiad operate on an 

assumption that the importance, practice and purpose of mathematics education is common 

across nations. The broader view of mathematics emerging from anthropological studies is 

generating a reaction against quantitative measurement of a supposed universal mathematical 

skill. There are likely to be studies on the way mathematical systems are reproduced within 

cultures, and cross-cultural comparisons on the values and functions which go with these 

systems (see, for example, Bell, 1993 & 1995a). 

A fourth direction for anthropological writing is provided by Lerman and others (Lerman, 

1994) who use anthropological constructs to examine the culture of the mathematics 

classroom. In particular Pinxten (1994) identifies four anthropological foci: types of learning, 

cognitive contents, language structure, and institutional aspects. The term 'culture' has not 

previously been used to describe the context of the mathematics classroom. 

Language issues were mentioned above and represent a further direction. Language affects all 

parts of mathematics education (see Cocking & Mestre, 1988; Zepp, 1989; Laborde, 1990; 

Lerman, 1994; Stephens et al 1994). From an anthropological point of view the important 
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issues are bilingual and indigenous language mathematics teaching. Both these are taken up 

in the above references. 

Interest will continue to grow in these areas as a consequence of the political imperatives of 

the late 20th century. National and cultural groups want to know how they have been 

disadvantaged, and how they can re-establish their cultural heritage. This is not just land and 

customs, but includes an intellectual heritage carried in language. The way people 

mathematise is part of that heritage, and its enculturation depends on the use of first 

languages (for an example, see Ohia, 1993 & 1995). 

The late twentieth century renaissance of indigenous peoples provides a sixth context for the 

development of anthropological perspectives on mathematics education. People from 

indigenous cultures are increasingly using education as the mechanism to gain economic 

resources and personal equity. Language is also critical here, and has become a political 

weapon in the renaissance of Welsh, Maori, and Inuit mathematics education. The subject 

Mathematics is a key gate-keeper in most societies, and therefore it also is political. For 

example 'Mathematics and Indigenous People' was the subject of a Theme Group for ICME-7 

in Quebec. The way in which Mathematics has colonised mathematical knowledge (see 

Bishop, 1990; Fasheh, 1991) is being exposed, and the use of mathematical knowledge in 

culturally specific and appropriate ways is being described as part of the political process of 

reclamation of educational power. This topic is dealt with more fully in Section 2.5. 

Anthropology & Ethnomathematics 

Anthropological perspectives are contributing to our understanding of the role mathematics 

plays in the functioning and development of every culture, and how each of us comes to 

understand and participate in that role. An anthropological perspective provides a meta-level 

discourse with which to talk about ethnomathematics and to examine its methodologies. 

Ethnomathematics itself is a mathematical study (albeit in the widest possible sense of the 

word 'mathematical'). 

Anthropological Schools 

It is instructive to trace the history of cultural anthropology and draw parallels between its 

main schools of thought and orientations of writers on culture and mathematics.  

(The following historical notes are based on Ember & Ember (1988)). Cultural anthropology 

as a discipline began in the mid-nineteenth century with a school now referred to as 

Evolutionism. Culture was thought to evolve in a progressive manner with most societies 

passing through the same series of stages. Insofar as mathematicians and historians of 
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mathematics thought anthropologically, their account of mathematics has had an evolutionist 

character until the 1960s. 

Cultural anthropology diverged in the early twentieth century. Historical Empiricism (Sapir, 

Boas and Levy-Bruhl) recognised the complexity of cultural variation and did not believe in 

universal laws. Diffusionism, at a similar time, held that cultural characteristics diffuse 

outwards from more advanced cultures, and therefore can be traced backwards. The persistent 

idea that mathematics emanated from an ideal form designed by the Greeks (e.g. Kline, 

1953a) is in this mode. 

Also at this time versions of Functionalism inspired by French sociologists held that cultural 

traits serve individuals' or social needs and could be derived from them. The ideas behind 

D'Ambrosio's Research programme and Gerdes 'frozen mathematics' have similarities with 

this view. 

From the mid-1900s, several branches developed within cultural anthropology. That of 

Psychological Anthropology assumes that culture shapes individual personalities, which then 

give rise to secondary institutions. Such institutions are examined by those writing about out-

of-school mathematical practices (see Nunes, 1992a). 

Anthropological structuralism, the idea that culture is a surface representation of the 

underlying structure of the human mind, can be seen in Bronowski's The Ascent of Man 

(1973, p19): 

His imagination, his reason, his emotional subtlety and toughness, make it possible for him not to 
accept the environment but to change it. And that series of inventions, by which man from age to 
age has remade his environment, is a different kind of evolution - not biological, but cultural 
evolution. I call that brilliant sequence of cultural peaks The Ascent of Man. ... So the great 
discoveries of different ages and different cultures, in technique, in science, in the arts, express in 
their progression a richer and more intricate conjunction of human faculties, an ascending trellis of 
his gifts. 

Anthropological structuralism also underlies the later version of Evolutionism as proposed by 

L. White, and subsequently taken up by Wilder: i.e. that there are underlying 'laws' which 

shape the development of mathematics. Some of those themes have been taken up by Bishop 

as the basis of his concepts of mathematical enculturation. 

Ethnoscience also developed in the mid-1900s. An ethnoscientist attempts to discern the rules 

of thought which shape a culture by analysing data which is free from the observer's 

orientation. It is structuralist in assuming rules, but does seek to understand other people's 

world from their point of view. Like structuralism it uses the methodology of descriptive 

linguistics. This is often confused with ethnoscience as meaning the study of the scientific 

aspects of different cultures. For example, the MacMillan Dictionary of Anthropology (1986) 

has entries for: 
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Ethnoscience: the study generally of systems of classification and taxonomies employed by 
different societies. 
Ethnomathematics: the study of systems of numbers and of mathematical operations within a 
given socio-cultural context. 

Classic work in this mould is Menninger's Number Words and Number Symbols (1969), and 

Zaslavsky's early work (1973) which broadens the definition to include geometrical and 

logical systems. 

The post-structural era focuses more on cultural change and cultural ecology. It does not 

assume universals, nor any necessary means of comparison between cultures. Connors, who 

criticises Bishop, does so using cultural ecology (Connors, 1990, p463): 

Ecological anthropologists today, however, are all too aware of the complexities and subtleties 
between humans and their environment to postulate that certain ecological conditions can produce 
certain technologies which then form the basis for ideology and sociological values. ... Processual 
ecology rejects [the] materialistic, deterministic view in favour of establishing a link with history 
and biology that recognizes no single cause for culture change ... . 

In the context of mathematics, the ideas were presented to mathematicians by Edmund Leach 

in his address to ICME-2 (Leach, 1973). He encapsulates his contribution as an 

anthropologist to a cultural view of mathematics as "what seems obvious to you and me is not 

necessarily obvious to anyone else" (p137). He illustrates this idea with a comprehensive 

exposition of the concept of time, not only by describing the six separate forms in which time 

is experienced, but also by showing that the conception of time of medieval historians was 

fundamentally different from their modern counterparts. His implication for mathematicians 

is that even the most apparently stable of mathematical concepts has undergone change. (This 

issue is dealt with further in the next section under History). 

Other recent schools include cognitive anthropology, which asks how people think in 

different societies, and symbolic anthropology, which asks what cultural traits mean to the 

people exhibiting them. Crump's recent work is an example of the latter orientation (Crump, 

1990, p viii): 

The object of my book, simply stated, is to show how and why numeral systems are well 
integrated with the cultures in which they are embedded. 

Another version of this school is the study of semiotics. In mathematics this has been most 

advanced by Rotman (1987, 1988 & 1993), who concludes that the concept of infinity must 

be discarded, leaving a finitist arithmetic similar to that of constructivists (e.g. Brouwer). 

Ethnographer's Questions 

As noted in Section 1.5, any working definition of ethnomathematics must resolve the 

ethnocentric dangers of mathematicians viewing other cultural practices as mathematics. The 

position of the observer reporting on a culture not their own has been a central debate in 
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anthropology since at least 1960. For some time the idea (credited to Malinowski and Mead 

(Geertz, 1977, p480)) that it is possible to ground understanding in a special empathy or 

sensitivity on the part of the observer has been rejected. The problem of 'seeing from 

another's point of view' has generated a host of theoretical constructs and methodological 

techniques (see Geertz (1977) for a list of formulations). 

Anthropology does not have an easy answer to this problem, which is a key one for 

ethnomathematics. Tambiah's (1990) analysis of the Western history of anthropology on 

magic, science and religion includes a long section on relativism and the translation between 

(and commensurability of) different cultures. On relativism he rejects the strongest form of 

cultural relativism for philosophical reasons (see Chapter 3), taking a position which allows 

for both "wait and see" attitudes on many questions and the acceptance of both a 

universalistic claim with respect to science and a relativistic one in, say, moral issues. 

Tambiah does, in fact, claim a special status for science, technology and mathematics, but this 

is based on the efficacy of 'Western' (perhaps 'First World' would convey his sense better) 

science and rationalism in development (Tambiah, 1990, p154). What he points out, however, 

is that this is because "the energising role of science and technology in the industrial West [is 

seen as] the motor of history": thus (Tambiah, 1990, 152): 

...[it is] when we transport the universal rationality of scientific causality, and the alleged 
rationality of surrounding moral, economic and political sciences ..., and try to use them as 
yardsticks for measuring, understanding and evaluating other cultures and civilizations that we run 
into the vexed problems of relativity, commensurability, and translation of cultures, ... . 

This is exactly the methodological problem faced by ethnomathematicians. Even while 

demanding an open interpretation of what constitutes mathematics in various cultural forms, 

the practices under study are interpreted in an existing mathematical framework which comes 

from the traditional source. If Tambiah is correct, then there is a sense in which translations 

and comparisons are valid provided that technology/rationality are the focus of attention. But 

this is definitely problematic if the focus of attention is anthropological (i.e. on the role of 

these practices in their own culture). 

Hazan (1995) presents the problem in a slightly different way, but one which clearly explains 

the role of mathematics in ethnomathematics. He focuses on the text which results from the 

anthropological study, and asks whether prominence is given to ideas, field or text. In the 

first, prior conceptual models determine the presentation; in the second, the emphasis is on 

"introducing ... an ethnographic presence that captures the nature of the reality under study" 

(p397); and in the third, the ethnographer inserts themselves as writer and interpreter. 

Most ethnomathematical texts (e.g. Ascher, 1991) fall into the first category: mathematics is 

the prior conceptual model. The result is that (Hazan, 1995, p397): 
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... form governs content, and structure overrides process. It is the dictate of the syntax of 
explanation that underlies this type of text, in which substance and particulars are subservient to a 
set of extra-ethnographic rules that serve as a general code to decipher field accounts. ... The 
anthropologist ... appears as a disinterested, neutral presenter and interpreter of rules to which both 
researcher and researchees are equally subjected. 

That is, mathematics sets the way in which the text is both written and read. Since this basis is 

assumed, it takes on an air of neutrality. The authority of mathematics as the subject and of a 

mathematician as the author enhances mathematics as a universal human activity. 

There are ethnomathematical texts in the other two modes (e.g. Cooke (1990) for the second, 

and Millroy (1992) for the third), which, as Hazan points out, each have their own 

anthropological shortcomings. Hazan does not judge between the three forms, and it is 

analysis of this type which is needed in ethnomathematics. 

Of all the related fields, anthropology is the closest to ethnomathematics because it shares this 

fundamental methodological problem. It is in this area that the main theoretical contribution 

can be made by anthropology (see Journal for Contemporary Ethnology, 19(1), 1990, Theme 

Issue: Ethnographic Research Writing). 
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2.3 History & Historiography of Mathematics 

The second field to be examined for its links and contributions to ethnomathematics is that of 

the history, and historiography of mathematics and mathematics education. 

Histories of Mathematics 

Conventional Histories 

The history of mathematics has, until recent times, been free from controversy over what it is 

that the historians are doing. The conventional, cumulative account is that mathematics arose 

in Greek times, developed algebraically in the hands of the Arab Empire in the Dark Ages, 

and came to fruition again through Italy, then France and the rest of Europe in the 

Renaissance. This has been written about so often that it has become an accepted truism. The 

various works of historians Smith, Kline and Neugebauer have been discussed in Section 1.2, 

but to them can be added Ball (1908), Bell (1937, 1945), Eves (1976) and others. Influences 

from the East, and from the Babylonian and Egyptian civilisations were acknowledged, but 

were regarded as precursors to 'true' mathematics. Most histories of mathematics written 

before 1960 devoted less than a Chapter to each of these areas. 

Any controversies, (for example those concerning who invented imaginary numbers, who was 

responsible for calculus, or how non-Euclidean geometries arose), were between historians 

competing for details of historical orthodoxy, rather than debates over the ways in which the 

history of mathematics was being written. What is instructive for ethnomathematics about 

these histories is how they built upon each other, perpetuating misrepresentations and errors 

of fact. For example (Garry Tee, The University of Auckland, private communication) the 

idea that classical Greek geometry was restricted to compass and straight line constructions 

has been carried on through several written histories of mathematics. This restriction was an 

idea of Plato, and was formalised in Euclid, but many Greek mathematicians investigated 

other curves. It is difficult to assess the contribution of reinforcing histories to the image of 

mathematics as a set of universal truths which have gradually been uncovered. But is 

probably considerable, as it is in other areas. 

Challenging Eurocentrism 

Recently challenges to conventional history of mathematics have emerged (Lumpkin, 1983; 

Gerdes, 1992b; Joseph, 1987 & 1992). The latter work, The Crest of the Peacock, details the 

non-European roots of mathematics and exposes the Eurocentric view of history. It argues 

that Eastern and African mathematical roots were ignored because they did not fit the 

conventions of rigour and proof which emanated from Greek mathematics. The Greek 

 128  



  Anthropology, History, Sociology & Politics 

heritage was important philosophically as well as mathematically, and European historians 

could not accommodate mathematics which was not rational in that sense. Vithal (1992, 

pp19ff) briefly describes several other blind spots in Eurocentric histories which have 

emerged in the literature. She also notes that Chinese, Indian and Arabic mathematics have 

had, and continue to have, their own histories written - which is at least making Eurocentric 

mathematicians realise the size and depth of those contributions. 

The importance of challenges to Western histories of mathematics is that they demonstrate an 

ethnocentricity about the development of mathematics, an ethnocentricity which has been 

overlooked for hundreds of years. This raises the question of the ethnocentricity of 

mathematics itself, and provides some indications as to where to look for evidence of this, 

namely, in histories which have been isolated from the English-speaking world. 

Historiographies 

The term 'historiography' refers to the study of the process of writing history, in particular to 

the discussion of the assumptions and theoretical frameworks used by historians. For 

example, there are assumptions (often unstated) about the way mathematics develops: is it 

one continual progression, or a series of disconnected jumps? Also of concern are the implicit 

values and judgements made in histories; for example, how do we know that progress occurs? 

Crowe (1992) gives an account of the development of this field since the 1970s. 

Note (John Fauvel, Open University, UK, personal communication, 1995): Historiography is 

also used to describe the self-consciousness of historians as they look at themselves doing the 

history of mathematics; a particular orientation on these questions, namely that of critical 

theory; and also the history of history in this area (e.g. Robinson, 1966). 

Just two aspects of the historiography of mathematics are discussed here: the Crowe-Daubin 

Debate; and the parallel between the growth of mathematics and science. These aspects relate 

both to ethnomathematics directly, and also to the philosophical issues discussed in Chapter 

3. 

The Crowe-Daubin Debate 

This debate started in 1975 with an article by Crowe (1975a) in which he articulated ten 'laws' 

concerning patterns of change in mathematics. One of these laws was that revolutions (in the 

Kuhnian sense) never occur in mathematics. This law was supported by Mehrtens (1976), and 

challenged by Wilder (1981) and Daubin (1984). Gillies (1992a) has since edited a collection 

of original papers, commissioned papers, and commentaries by the original protagonists. 
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What is being debated are the theoretical constructs used by historians of mathematics, some 

of which are the paradigms and revolutions of Kuhn's analysis of scientific revolutions 

(Kuhn, 1962). Gillies (1992a, pp8-14) discusses the variety of perspectives present in his 

collection: Giorello's (1992) use of Thom's 'paradigm of legitimacy'; Zheng's (1992) drawing 

from Chinese philosophy; Gray's (1992) ontological stance; Gillies' (1992b) and Mancosu's 

own adaptations of Kuhn; Grosholz' (1992) new construct of 'conjunctive leaps'; Dunmore's 

(1992) meta-revolutions; Breger's (1992) use of Fleck's (1979) concept of 'style of thought'; 

Mehrten's (1992) sociological approach to history; and Boi's (1992) mathematical approach 

which rejects all forms of sociological categories. 

Much of the debate centres, not surprisingly, around the criterion by which something is 

regarded as a revolution. An important issue is whether something has to be overthrown 

(political revolution), proved wrong (scientific revolution), or rejected (mathematical 

revolution). Crowe rejected revolutions in mathematics because mathematical change 

accommodates previous theories, it does not prove them wrong. Daubin, on the other hand, 

argues that even in political revolutions the old order may remain, but it does so under very 

different terms, usually in a less significant role. The most important point about a revolution 

is a significant discontinuity which signals a break from the past. 

Crowe, using a hard definition of revolution does, anyway, accept that (1975, 166): 

revolutions may occur in mathematical nomenclature, symbolism, metamathematics (e.g. the 
metaphysics of mathematics), methodology (e.g. standards of rigour), and perhaps even in the 
historiography of mathematics. 

The issue of revolutions in metamathematics is taken up by Dunmore who shows how earlier 

doctrines were overthrown, and this discussion itself may be seen as a revolution in 

historiography. Daubin, and others supporting a version of revolution as a suitable descriptor 

for mathematical change, use sociological constructs such as 'mathematical community' to 

detail past change and describe how future change might take place. It remains to be seen 

what implications this has for mathematics education - a start to this discussion can be found 

in Speranza (1994). 

Mathematics and Science 

Perhaps a more fundamental issue in the historiography of mathematics concerns the extent to 

which development in mathematics is the same as development in science (Crowe, 1992, 

pp313-6). To some extent this is a philosophical debate about empiricism (or quasi-

empiricism) in mathematics (see Chapter 3), i.e. the relationship between mathematics and 

the physical world. However, it is more about whether or not mathematics like science, is 

hypothetico-deductive in practice. 
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In particular Crowe argues for the limited falsifiability of theories, and a restricted role for 

logic. Using historical examples, he argues that theories in mathematics (as in science), are 

rarely developed or tested in isolation from other theories. What is at stake is not whether a 

particular theorem is right or wrong, but what modifications to some elements need to take 

place to make it "work"? Furthermore, there have been situations in the development of 

mathematics which were not resolvable by logic, and which needed creative, intuitive leaps 

(or perseverance in the face of inconsistencies), for example, the development of calculus. 

The implication of such views is that the type of mathematics which has in fact developed has 

not been an inevitable manifestation of the application of logic to reality or to ideals. Rather it 

has resulted from idiosyncratic, extra-logical insights within a particular (modifiable) 

conceptual framework. The question begging to be answered is what mathematics would be 

like if things had been different. Part of ethnomathematics can be seen as that exploration. 

Histories of Mathematics Education 

Given the above discussion, a revolution can be predicted to occur in the historiography of 

mathematics education. This revolution will parallel those in the historiography and 

anthropology of mathematics. 

Most books and documents which could be described as histories of mathematics education 

have as a focus the teaching of mathematics, i.e. the formal mathematics curriculum taught in 

instructional institutions such as schools and universities (e.g. Wilson, 1935; Yeldham, 1936; 

Bidwell & Clason, 1970; Swetz, 1974 & 1987; Bibby, 1990). These texts imply a focus on the 

teaching of accumulated work in its recorded form. 

In response to the calls for a wider definition of mathematics, (e.g. D'Ambrosio, 1992a; 

Davis, 1993b), it is likely that future histories of mathematics education will include practices 

outside formal educational institutions, and also within those institutions but outside the 

'mathematics' curriculum. In particular they may include three new areas: the teaching and 

learning of the informal quantitative and relational knowledge of non-mathematicians (e.g. 

weavers, engineers, designers); the history of mathematics; and the learning of the process of 

doing mathematics (as opposed to what has already been done). 

Such a history of mathematics education, if it occurs, has a place for any of the various 

conceptions of ethnomathematics. 

History, Historiography & Ethnomathematics 

The important contribution of the historiography of the development of mathematics for 

ethnomathematics is not just that it demonstrates a relativism in the history of mathematics, 
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and alerts us to alternative histories and alternative constructs within them. Rather it is useful 

as yet another example of the ethnocentricity of the observer in the practice and study of 

mathematics. As such it lends support to a concept of ethnomathematics as an expression of 

cultural orientation in the description of mathematical history. 

Wilder's Laws 

It is not just the debate on the 'law' concerning revolutions in mathematics which bears on the 

concept of ethnomathematics. Wilder (1981) expands on Crowe's two sets of ten 'laws' (1975a 

and 1975b), to come up with twenty-three "'Laws' Governing the Evolution of Mathematics". 

Many of these explicitly refer to cultural influences (Wilder, 1981, Chpt. VII): 

9. At any given time, there exists a cultural intuition shared by members of the 
mathematical community, which embodies the basic and generally accepted opinions concerning 
mathematical concepts. ... 

10. Diffusion between cultures or fields frequently will result in the emergence of new 
concepts and accelerated growth of mathematics, always assuming the requisite conceptual level 
of the receiving entity. ... 

19. Cultural intuition maintains that every concept, every theory, has a beginning. ... 

20. The ultimate foundation of mathematics is the cultural intuition of the mathematical 
community. ... 

22. A necessary and sufficient condition for the emergence of a period of great activity in 
mathematics is the presence of a suitable cultural climate, including opportunity, incentive ... and 
materials. ... 

23. Because of its cultural basis, there is no such thing as the absolute in mathematics; there 
is only the relative. 

Wilder's use of culture in these laws varies: sometimes it refers to the culture of mathematics, 

sometimes to the culture of the era, sometimes to the particular culture in which the 

mathematics is taking place. However, the point for this thesis is that cultural context is 

relevant to change in mathematics: indeed, Law 19 seems to infer that culture is the origin of 

all mathematical concepts. This supports Spengler's example of the concept of number as a 

physical measurement in Greek society, and as a relational quantity in the Western era. To the 

extent that these laws apply, they support a concept of ethnomathematics as involved with the 

cultural particularities of mathematical change. 

Historical Branching 

If there are cultural components in mathematical development, then it makes sense to ask how 

mathematics would have developed if the cultural (or social) context had been different. This 

gives rise to a new construct for examining the history of mathematics: that of historical 

branching. This construct is used later (Section 4.2) to help explain the ways in which 

mathematics can be regarded as relativistic. 
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An historical branch comes from a mental experiment of 'what might have been'. Regardless 

of the causes of mathematical change (Mehrten's (1976) sociological causes, or Boi's (1992) 

internal dialectic), there are points in the history of mathematics where it can be conceived 

that things might have developed in a different direction, where one conception was preferred 

and pursued rather than another. This is an historical branch, a juncture from which the actual 

history of mathematics never looked back. 

It is necessary to demonstrate that the imaginary branches actually could have existed. The 

alternative is the belief that mathematics was forced ('hard-wired' is the current term) to 

develop the concepts and structures that it did. At one level this question is a metaphysical 

one: those who believe in a Platonist or Realist version of mathematics cannot accept 

historical branching. Those who take some of the anti-realist positions may or may not accept 

the construct, those who take a Wittgensteinian position must do so, (see Chapter 3). 

However it is possible to argue for historical branching by example. At the very least it exists 

(to mimic Crowe quoted above) in mathematical nomenclature, symbolism, 

metamathematics, methodology, and historiography. To take a very clear example of 

nomenclature, the term for the sine of an angle rests on a mistaken translation of a word from 

Arabic into Latin. This could hardly be an inevitable occurrence. 

But does symbolism affect the direction of the growth of mathematics? Or does mathematics 

itself exhibit branching? Two examples of branches which existed for a while are the 

algebraic symbolism of ancient Chinese mathematicians (Libbrecht, 1973), and the Finsler 

Set Theory (Breger, 1992). Finsler's Set Theory was rejected as inconsistent in the early part 

of this century, but Breger argues that it was consistent within Finsler's presuppositions, but 

was rejected because it did not fit the mathematical predilections of the day. There is also 

speculation as to whether or not the grid-like structure of Chinese algebraic manipulation 

affected the direction of mathematical development. It certainly restricted the types of 

equations they could solve (interpreted in the language of today), and seems now to have 

foreshadowed some matrix methods. 

Perhaps a more substantial example is thrown up by Joseph (1994). He describes in detail the 

different mathematical style adopted by Indian and Chinese mathematicians, in particular, a 

style which did not use proof and rigour in the way understood in the Greco-Western 

tradition. He describes results which were not accepted in the West, but are used effectively 

in Eastern mathematics. Much of the work of Ramanujan comes into this category. 

A branch which still exists is the intuitionist mathematics of Brouwer (1983a & b) (or the 

verificationist version of Dummett (1977)), in which any work based on 'actual' infinities is 

rejected as mathematics. Another existing branch is Non-Standard Analysis, which 
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reconstructs calculus using a concept of an infinitesimal: something which is infinitely small, 

but still greater than zero. Such a concept is rejected by standard justifications of calculus. 

The various conceptions of ethnomathematics are not dependent on the concept of historical 

branching. Rather, the idea of development implicit in ethnomathematics, is that various 

cultures can develop their own practices and systems of quantitative and relational 

understanding, and that some of these have been drawn on as Mathematics (the academic 

subject) has grown. So it is not logically necessary for the ethnomathematical thesis to 

establish historical branching. However the construct is useful to explain the consequences of 

ethnomathematics, and could be expected if a relativistic basis for mathematics is true. Thus 

it needs to be shown that it is possible. 

Circumstantial History 

If it is true that (Crowe, 1992, p314) the social history of mathematics is essential to an 

understanding of mathematics, and also that (Boi, 1992, p200) conceptual changes arise from 

the original intuitions of individuals, then it is important to trace the immediate and particular 

circumstances of those intuitions. 

The circumstantial history thus means the social history of a particular sequence of changes, 

including the histories of individuals and the circumstances surrounding particular significant 

events. A circumstantial history should shed light on why particular individuals acted the way 

they did within an ideological framework. For example, the circumstantial history of 

ethnomathematics will include the circumstances surrounding the publication of Alan 

Bishop's book Mathematical Enculturation (1988a), i.e. it will address questions such as 

"Why did it appear when it did? Why did it say the kinds of things it said? Who read it?". 

(This idea was brought to my attention by Barbara Burns who analysed the 

ethnomathematical writings of Bishop, D'Ambrosio and Gerdes by looking at the political 

environments of their countries of origin (Burns, 1993)). 

Circumstantial history is an aspect of social history which focuses on the particular rather 

than general: it allows causes and consequences to occur in the world of personal events. 

Well-known examples include Piaget's early work on stages of development in freshwater 

molluscs, and the return of Wittgenstein to teaching at Cambridge: both events significantly 

influenced their subsequent ideas. 

This concept is particularly useful in discussing the history of mathematics education, 

because on a world-wide scale the number of main actors in the field is relatively few, they 

know each other, and they communicate frequently. Thus the impact of particular 

circumstances on mathematics education is greater than on other disciplines. 
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The construct is used in the analysis of the literature in this thesis (see Section 1.1: The Map 

of Individual Context). Circumstantial history is further useful in regard to ethnomathematics 

itself. An important idea within ethnomathematics is the perspective of the person 

undertaking the study because usually this person is outside the culture from which the 

mathematical system originates. The particular perspective of that individual thus becomes 

vital to an understanding of the aspects of the system which are identified, described and 

analysed. Circumstantial history gives us a tool by which this perspective can be brought into 

the picture. 

D'Ambrosio's Historical Programme 

How is ethnomathematics different from an anthropological history of mathematics? One 

significant difference is that ethnomathematics can have as its object of study aspects of a 

culture which are not accepted as mathematics. The history of mathematics examines those 

ideas which have been legitimated as mathematics. Mostly those ideas were regarded as 

mathematics all along, although a history of mathematics may also look at the development of 

ideas which later became accepted mathematics, e.g. Aristotle's logic. 

Ethnomathematics, however, includes the study of ideas which are (to date) explicitly 

excluded from mathematics: for example, genealogical systems. One of the explicit aims of 

D'Ambrosio's Programme in the History of Mathematics is to widen the definition of 

mathematics to include some previously excluded practices as legitimate mathematics 

(1985c, p47). Ethnomathematics is proactive in a way that history (even under the new 

historiography) is not. Ethnomathematics creates mathematics by re-examining historical 

practices for their mathematical characteristics. 

Another way of expressing this idea is to say that ethnomathematics sits in a different 

timeframe from the normal chronological sense of histories of mathematics, (this formulation 

was expressed to me by John Fauvel, Open University, England, personal communication, 

1995). An example which makes this idea clear is Gerdes' examination of Angolan sand 

drawings. It is not known how old this art is: 4000 years or 400 years. But for 

ethnomathematics the age is not the prime concern, rather the quality of evidence, and its use, 

are in the present. 

Foucault 

These ideas can be related to Foucault's Archaeology of Knowledge and his attitude to 

historical discourse. In discussing why he used the word 'archaeology' Foucault relates the 

word to an archive of (Lotringer, 1989, p45): 
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...not only a set of events which would have taken place once and for all and which would remain 
in abeyance, ... but also as a set that continues to function, to be transformed through history, and 
to provide the possibility of appearing in other discourses. 

Interpreted into the discussion of branching, above, this implies that historical branches which 

were not chosen are, firstly, reconstructed by subsequent history to be part of the branch that 

was chosen, and, secondly, have the potential to reappear. An example in mathematics of the 

first event is the rewriting of Euclidean geometry as a possible world of spatial relations 

(rather than as a representation of physical reality) once alternative geometries were 

discovered. An example of reappearance is the re-use of the concept of the infinitesimal in 

non-standard analysis, after that was rejected as unable to provide a sound basis for analysis 

in the nineteenth century. 

A further implication of Foucault's analysis is that histories may be re-written, i.e. 

mathematics may change by examining history, not just by developing into the future. 

There is a connotation of archaeology with which Foucault wishes to disassociate himself: the 

idea of beginnings. He denies that it is possible to find the origin of, say, Western 

mathematics. Historical branching is implicit in his statement (Lotringer, 1989, p46): 

It's always the relative beginnings that I am searching for, more the institutionalizations or the 
transformations than the foundings or foundations. 

Another of Foucault's insights concerns the way in which history is characterised in periods 

(Lotringer, 1989, p45): 

Each periodization marks out in history a certain level of events, and, inversely, each layer of 
events calls for its own periodization. There lies a delicate set of problems, since, according to the 
level one chooses, one will have to delimit different periodizations, and according to the 
periodization that one is given, one will attain different levels. 

Such an analysis of history opens an new avenue of historical study for mathematics: there 

are several histories of the subject which are not necessarily parallel. These are not histories 

of different aspects of the subject (the social history, the technical history, the political 

history, the history of applications); these histories each present mathematics (and therefore 

create mathematics) as a different field. It may be that this is what is happening with 

ethnomathematics: the subject being created by ethnomathematical study is not the same one 

as that of the mathematicians. The problem (see Section 0.2) is, therefore, not to try to 

convince mathematicians to accept the ethnomathematical version as the correct one, but to 

get everyone to accept the others as equally acceptable versions of what is being done in the 

name of mathematics. 
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Finally, some of Foucault's comments on the role of history relate specifically to 

D'Ambrosio's encompassing concept of ethnomathematics as an historical programme 

(Lotringer, 1989, p9, 29): 

[Considering] the history of philosophy, ... the history of ideas, [and] ... the histories of the 
sciences, one cannot fail to be struck by the impossibility of our culture to pose the problem of the 
history of its own thought. It's why I have tried to make ... the history not of thought in general but 
of all that "contains thought" in a culture ... . For there is thought in philosophy, but also in a 
novel, in jurisprudence, in law, in an administrative system, in a prison. 

If history possesses a privilege, it would be rather to the extent to which it would play the role of 
an internal ethnology of our culture and of our rationality, and would consequently incarnate the 
very possibility of every ethnology. 

For Foucault, it can be assumed, ethnomathematics would be the attitude that there are 

alternative histories of mathematics, and, in so far as mathematics embodies rationality, 

ethnomathematics would be 'the history and philosophy, not just of mathematics, but of 

everything'. 
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2.4 The Sociology of Mathematics 

The third field related to ethnomathematics is that of sociology. In parallel with developing 

philosophies of mathematics which emphasise the social dimension in the subject, this field 

has taken a more and more radical stance in recent years. 

Mathematics & Sociology 

Spengler (see Sections 1.2 & 2.2) could, perhaps, be regarded as the first person to bring a 

sociological perspective to mathematics. However, the sociological history of mathematics as 

a field was first identified by the historian Struik (1942). Restivo (1983, Chpts 8-13) gives an 

account of the development of the sociology of mathematics, focussing on the relationship of 

various writers to Marxian theory. The links with the sociology of knowledge are brought out 

more recently by Bloor (1976, 1983, 1994), but it is the radical relativism of mathematics as a 

world view which has been developed by Restivo (1983), and which is the centre of debate in 

his recent collections (Restivo, 1992; Restivo et al, 1993). 

Social Histories 

Struik's definition of the field was (Struik, 1942, p58): 

The sociology of mathematics concerns itself with the influence of forms of social organization on 
the origin and growth of mathematical conceptions and methods, and the role of mathematics as 
part of the social and economic structure of a period. 

Struik raises two important methodological issues which have contemporary echoes. One is 

that the relationship between mathematics and society is two-way - each affects the other. It 

will be seen that this dynamic relationship is important for any concept of ethnomathematics 

(see Section 4.1). The other issue is the role of technology. Although he sees this role as 

operating only in modern industrial society (Stuik, 1942, p63), he notes that "the 

technological foundation of a form of society is not of itself an indicator of the size and 

tendencies of the mathematics cultivated in this society". Bishop (1988a, p18) uses 

technology in a different way, but both writers are making the point that mathematical 

development does not equate with technical development: mathematics may exist in a 

sophisticated form outside of technical manifestations. 

Struik sees social factors as the most important determinants of social change, but (as noted 

by Restivo, 1983, p193) he resists sociologising mathematics itself, and the relativism that 

that would imply. 

Fang & Takayama (1975) are similar to Struik in their conception of the sociology of 

mathematics, i.e. they give an account of the social role of mathematics and how it and 
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society shape each other. However, they explicitly state that there is only one mathematics 

which has developed from Greek, and therefore different cultural mathematics' (in Spengler's 

terms) is not considered. 

Another sociological study, (but one which is labelled 'ethnomethodological'), examines the 

problem of the foundations of mathematics as a problem "in the local production of social 

order" (Livingston, 1986, p1). It is an example where the society of mathematicians is in 

focus. Using a technical explanation of Gödel's First Incompleteness Theorem, it details the 

way in which that society determines the nature of mathematical proof. This could provide a 

model for ethnomathematics in that the mathematics is examined inside the social world in 

which it was created, without recourse to conceptual features outside that world. The problem 

is to translate that methodology across cultures (see Section 2.2 above). 

Restivo (1983) includes the writings of Spengler (1926), Wittgenstein (1956), Wilder (1981), 

Crowe (1975a & b), Lakatos (1978), and Bos and Mehrtens (1977) in his account of the 

development of the sociology of mathematics: these writers are dealt with elsewhere. 

A Sociologist's View 

Restivo's account (1983) has a few Marxist writers making some ground in the sociology of 

mathematics in the period 1920-70. A particular example is Needham's description of a 

mercantile culture as the reason that mathematics and science developed in the West and not 

the East (Needham, 1972). However the sociology of mathematics was overshadowed by 

analyses which maintained a privileged position for mathematics as exempt from sociological 

foundations. Since 1970 new directions in the sociology of knowledge, in particular Bloor's 

'strong programme', have broken down the barriers to examining mathematics in this way. 

Bloor 

Bloor seeks to release the sociology of knowledge from the self-imposed restriction to 

consider only the production of knowledge, and not knowledge itself (Bloor, 1976). His view 

is encapsulated in his 'strong programme' which has four tenets (p7): 

• It is causal, i.e. it is concerned with the conditions which bring about knowledge. 

• It is impartial with respect to truth or falsity, rationality and irrationality. 

• It is symmetrical, i.e. the same types of cause will explain true and false beliefs. 

• It is reflexive, i.e. its patterns of explanation must also apply to sociology. 

He focuses on mathematics and logic because this form of knowledge has been regarded as 

the most rational, a priori, and therefore the least likely to have sociological foundations. 

Bloor presents a number of examples of existing alternative forms of mathematical thought, 

and speculates on their social causes. For example (1976, pp125-9) he argues that the crises 
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surrounding the development of calculus and the use of infinitesimals arose solely because 

the mathematicians attitudes to rigour had changed. The decline in rigour in the sixteenth 

century, in recognition of the practical results non-rigorous methods produced, actually 

allowed the infinitesimals to appear in calculations for the first time. The renewed interest in 

rigour in the nineteenth century produced a crises where there was not one before - and out of 

that crisis arose new mathematics. 

Bloor also examines the historical process for the way in which it covers up variation (cf 

Foucault referred to above), and concludes that the cumulative nature of mathematical 

development needs to be challenged. In responding to critics of his view (Bloor, 1976, p179-

83) he again makes the point that marginalisation of alternative mathematics' does not negate 

them, it just shows how a social cause creates an illusion of absolute knowledge. 

Bloor's later work on mathematics (1983, Chpt 5; 1994) draws heavily on a Wittgensteinian 

analysis of the nature of mathematics to justify the idea that we construct conventions of 

meanings about numbers and relations as much as about words. The sociology of 

mathematics, in his view, aims to expose those conventions which have operated. (Bloor's 

philosophical writings are considered in Section 3.2) 

Restivo, however, considers that Bloor does not meet his own reflexivity condition in his 

sociology of science and mathematics (Restivo, 1983, p220; 1993b, p252), i.e. Bloor, in 

proceeding scientifically to establish his strong programme, establishes mathematics (and 

science) within the current (Western) World View. For Restivo, Wittgenstein and Bloor only 

develop a weak sociology of mathematics, their 'alternative mathematics' are just culturally 

distinct forms or specific mathematical traditions. They do not (Restivo, 1993b, p252): 

...necessarily signify incommensurability. They are compatible with the concept of the long-run 
development or evolution of a "universal" or "world" mathematics. But the strong form of 
Spengler's theory - that mathematics are reflections of themselves and worldviews - is another 
story. 

World Views 

It is Spengler to whom Restivo attributes the most radical statement on mathematics, and 

whom he regards as offering a post-Marxian (or, possibly, true-Marxian) sociological theory 

of the subject. He details its theoretical roots (Restivo, 1983, Chpt 13), and claims a radical 

status for his programme in the sociology of mathematics in Restivo (1993a, p15): 

The approach is radical because it claims complete jurisdiction over the problems of the nature of 
mathematics and mathematical knowledge for sociology. It is not my intention to be simply 
political. ... Once we realized that individual human beings are in fact social beings, it was only  
matter of time before it occurred to some social theorists that the mind and thinking are social 
phenomena. 
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Essentially Restivo claims that all talk about mathematics is social talk; what is more, the 

content of mathematics is just the embodiment of the operations of previous generations of 

mathematicians (Restivo, 1993b, p266). Thus (1993b, p270): 

Explaining the "content" of mathematics is not a matter of constructing a simple causal link 
between a mathematical object, such as a theorem, and a social structure. It is rather a matter of 
unpacking the social histories and social worlds embodied in such objects... . Mathematical objects 
are ... things that are manufactured by social beings ... around social interests and oriented to 
social goals. 

Restivo includes ethnomathematics in his dismissal of Wittgensteinian and Bloor's views of 

alternative mathematics as mere cultural colouring on modern mathematics (1993b, p252). He 

has thus laid down a challenge to any emerging concept of ethnomathematics to explicitly 

espouse a World View conception in which 'mathematics' is plural, and is determined by 

social factors. 

By claiming complete jurisdiction over mathematics, Restivo ventures into the philosophy of 

the subject, however he does not present his case in that discourse. It is argued that, rather 

than dismissing Wittgenstein, Restivo could well use his radical approach to philosophy to 

support his "world view" description of mathematics (see Section 3.3, where a more detailed 

description of the "world view" position is also given). 

Mathematics Education & Sociology 

This section will not review the extensive literature on the sociology of education, nor even 

attempt an account of the sociology of mathematics education. The issues are so interrelated 

with the politics of mathematics education that it makes little sense to separate them out, 

therefore they are dealt with in the following section (Section 2.5). 

However there are two aspects of this literature which may be dealt with briefly here: the 

recent rise of a constructivist learning theory perspective in mathematics education (see, for 

example, von Glasersfeld, 1984; Davis et al, 1990; Ernest, 1994c); and the consequence for 

education of the idea that it "is a kind of language, and this language creates a milieu for 

thought that is hard to escape" (Davis, 1993b, p189). 

Constructivist Learning Theory 

Restivo notes (1994b, p275): 

The "social construction" perspective shows how  deeply politics, education, and other social 
factors are implicated in mathematical work and mathematical knowledge. One important 
implication ... is that mathematical reforms ... cannot be effectively carried out in isolation from 
broader issues of power, social structure, and values. 
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Furthermore (Restivo, 1983, p266): 

A radical change in the nature of our social relationships will be reflected in radical changes in 
how we organize to do mathematics — and these changes will in turn affect how we think about 
the content of our mathematics. 

Cobb (1994a & b) relates these views to cultural perspectives. He characterises the 

constructivist and socio-cultural views on mathematics education, showing how they use the 

same words with different meanings and claim a hegemony for their view. The constructivist 

view analyses learning as an individual, conceptual processes, whereas the socio-cultural 

view uses the idea of the individual in social-action. This results in apparent conflict. Cobb 

argues, however, that, not only do these views not conflict with each other, but rather they are 

complementary. Furthermore, since each is a theory with which to view learning, not a 

description of how learning is, then there is value in using ideas from one to explore the other. 

An example of this is to take the socio-cultural perspective and regard it as a constructivist 

perspective on a group level. 

Ethnomathematics, as part of the socio-cultural perspective, may be able to gain some 

conceptual and methodological insights by drawing this parallel. Part of its programme could 

be to illuminate, not just how mathematical ideas exist within various cultures, but also how 

the concepts underlying those ideas came to be constructed within that culture. 

The Language of Mathematics 

Davis (1993b, pp189ff) argues that mathematics constitutes a way of thinking which is 

different from other ways, and that different ways of thinking need to be balanced in our 

society. For example, there has been a long literature concerning the use of mathematics in 

the social sciences. Kaplan (1960) gives an account of some early attempts - including a 

mathematical characterisation of sociology itself in which every social situation may be 

described by an equation. In recent times the emergence of Catastrophe Theory, 

developments in Game Theory, and mathematical theories of politics (Brams, 1975), are 

contributing further to the mathematisation of social science. But it is not just the 

encroachment of mathematics into social life which is the subject of Davis' concern. He 

argues that computerisation, for example, has fundamentally changed our modes of thinking 

(Davis & Hersh, 1986). 

For Davis, the balance of mathematical versus other types of thinking is to be achieved 

through education, but can only be done if public debate about mathematics education rises 

above content topics or instructional techniques and begins to consider "awareness of the 

applications of mathematics that affect society and of the consequences of these applications" 

(1993b, p191). Hence (1993b, p190): 
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I should like to argue that mathematics instruction should, over the next generation, be radically 
changed. It should be moved up from subject-oriented instruction to instruction in what the 
mathematical structures and processes mean in their own terms and what they mean when they 
form a basis on which civilization conducts its own affairs. .... [This requires] the teacher to 
become an interpreter and a critic of the mathematical processes and of the way these processes 
interact with knowledge as a database. 

He sums up picturesquely (p191): 

If mathematics is a language, it is time to put an end to overconcentration on its grammar and to 
study the "literature" that mathematics has created and to interpret that literature. 

Davis' makes a convincing case for this consequence of a sociological view of mathematics. 

The case is even more persuasive if a "world view" description of mathematics is correct. If 

there are alternative mathematical languages which may be enculturated in its education 

system, it is imperative that every society produces the means to question these "languages" 

or "ways of thought", and make informed choices about how dominant they are to become. 

This argument for education about mathematics is one of the educational implications of 

ethnomathematics (see Section 6.2). 
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2.5 Politics 

The fourth field to be considered for its links and contributions to ethnomathematics is that of 

politics. Unlike the previous areas, politics enters ethnomathematics primarily as motivation 

for writers taking up the field, rather than as contributing theory to it. The politics of 

mathematics education is a well-developed area, most of the literature arising from general 

educational work of a similar nature. However, the place of politics in mathematics itself has 

been discussed only rarely. 

Politics and Mathematics 

The Development of a Political Perspective 

Cultures change politically as a result of interactions amongst groups or individuals. Hence, 

as soon as it is acknowledged that mathematics is not a priori knowledge, and that it has an 

impact upon culture, then its political role is exposed. Early writers may have stated one or 

both of the first propositions, but few have drawn the consequence. 

Kline (1953a) is explicit about the cultural force imposed by mathematics; but, because he 

has a Realist view of the subject, the question of who controls mathematics, and how it 

controls others, is not considered relevant. Mathematics, in his view, develops as it inevitably 

must, so it is politically neutral. Davis & Hersch (1986), on the other hand, at least 

acknowledge the political force behind (in this case) the development of computers and 

associated mathematical methods, but they do not examine the political consequences in 

detail. 

It has taken two extra considerations, both arising in mathematics education, for the nature of 

this political role to be examined: one source of analysis comes from the concern about 

gender issues in mathematics education; the other comes from cultural equity issues. 

Concern over achievement and participation rates of women in mathematics has led to a 

considerable body of research and the development of several theoretical positions (see, for 

example, Fennema & Leder, 1990). One of these stances posits that mathematics is gender-

constructed, i.e. it has been created to conform to male characteristics in society (as opposed 

to the idea that women are socialised to have less interest in the (assumed neutral) subject). 

Walkerdine (1988) has explored the gender construction view and explained the mechanisms 

of its creation. 

A parallel development has been the search for equity in mathematics education for cultural 

(or social) groups who have been underachieving in mathematics. The search for answers to 

what have so far been intractable problems has led some theorists to look for culturo-political 
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bias in the nature of mathematics itself (e.g. D'Ambrosio, 1991; Fasheh, 1982; Zevenbergen, 

1994; Volmink, 1994).  

Together with writing such as Restivo (1983, Chpt 15) in which it is shown how mathematics 

was shaped by political factors in Europe in the Middle Ages, in Greece, and in Japan, these 

pressures have thrust mathematics itself into the political spotlight. 

Mathematics as an 'Imperialist Weapon' 

This heading comes from Bishop's 1990 article entitled: 'Western Mathematics: The Secret 

Weapon of Cultural Imperialism'. In it he argues that mathematics has been one of the most 

powerful weapons in the colonial imposition of Western culture into Africa, India and the 

Pacific, despite (or perhaps because of) the myth of cultural neutrality. The apparent 'rational 

truth' of mathematical abstractions hides the reality of a cultural history about the expression 

and use of the ideas and values of Western mathematics. The values of rationalism, objectism, 

technological control and progress have been imposed by mathematics acting through trade, 

administration and education. The mathematics, and its values, were often totally 

inappropriate for those societies. 

The use of mathematics in this way does not, however, date from the Western colonial 

invasion of Africa and Asia, and nor does it stop there. It may be instructive to investigate 

whether major historical events could be associated with the imposition of, or resistance 

against, academic 'cultures' which included mathematics. An hypothesis which could be 

explored is that there was an identifiable role played by mathematics in, for example, the 

burning of the books in China; the Industrial revolution in Britain and France; or the rise of 

economics and the spread of consumerism. 

The imposition onto Third World countries of particular values through mathematical aspects 

of society continues, for example, in the reliance on aid in the form of technical expertise 

from other countries, and in the way they are inevitably involved in the international financial 

conceptions of growth and development. An example is the calculation of Gross Domestic 

Product in such a way that it makes invisible a large amount of productive work - thus 

institutionalising what constitutes a valuable contribution to society (see Waring, 1989). 

Fasheh (1989) gives an analysis from his personal perspective of a mathematics educator in 

the West Bank (Palestine). The political events of 1967 forced a questioning, not just of the 

role of education in general, but of the content of mathematics in particular (1989, p85): 

My sense of the intellectual, moral, and humanitarian dimensions of science and math gradually 
gave way to a sense of the central functions of science and math: creating power and generating 
hegemony. 
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The academic mathematics of schools is contrasted with the mathematics of his mother who 

sewed clothes from pieces of fabric. Her mathematics was practical, and directly related to 

her life and community. School mathematics "was connected solely to symbolic power" 

(p85). He concludes (1989, p86): 

In the final analysis, the power of Western hegemony rests on the claims of superiority, 
universality, and ethical neutrality of Western math and (positivist) science and technology 
extended into claims of Western superiority in the social, cultural, moral, political, and intellectual 
spheres. 

Fasheh sees ethnomathematics not as an end in itself, which glorifies mathematical practices 

out of context and preserves them at all cost. Rather (1989, p86): 

the study of ethno-math becomes an avenue to recognize the fallacies and dangers of a universal 
conception of life and the world; to question established beliefs and convictions; ... to provide us 
with diversified ways of seeing the world and our environment; ... and to help us transform our 
assumptions and structures. 

The implication is that the study of ethnomathematics will break down political hegemony. 

Mathematics for Indigenous Renaissance 

If mathematics can be used to promote particular values in a colonial manner, then it can also 

be used as a tool for both the emancipation and renaissance of a cultural group. This is an idea 

which has close links with ethnomathematics as conceived by Gerdes (1991c), Zaslavsky 

(1973) and Ascher (1991). It is now becoming a basis for educational movements (and is 

discussed below). 

There are problems to be resolved in this area. As Bishop points out (1992b) the 

"Westernised, Mathematico-Technological society and its associated culture" (p3) is largely 

taken for granted in many parts of today's world, and its technological benefits are assumed to 

be dependent on the form of mathematics on which it is based. If a cultural group is to eschew 

this society (and its mathematics), will it cut itself off from these benefits? 

Another problem concerns the mechanisms by which culturally specific mathematical 

activity, as soon as it is identifiable outside its culture, is appropriated (and often devalued) 

by the existing subject mathematics. In this process the benefits to cultural renaissance are 

negated because the activity is separated from its cultural context. An example in recent times 

is the way that contemporary Pacific sea-farers navigate using traditional methods, and have 

their techniques compared (usually unflatteringly) on the basis of their positional accuracy. 

Such a criterion is important in "techno-navigation", but is not an important concept in sea-

faring (see Section 5.2). 
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Politics and Mathematics Education 

Education is a social endeavour, and few would deny that it has a political component. The 

battles fought daily in newspaper columns about curriculum and examinations, the disputes 

between teachers and government offices, the arguments in court about the running of 

schools, are all evidence of the extent to which people will go to obtain an educational system 

which they believe is correct. However, it is less clear that mathematics education in 

particular, has political aspects separate from, say, English education or early childhood 

education.  

Mathematics Education as a Gatekeeper 

The work on the reproduction of society by the French sociologists of the 1970's introduced 

terms such as 'Ideological State Apparatus' (Marxist philosopher Althusser) and 'cultural 

capital' (Bourdieu) to describe the way in which a society can continue to exist when there are 

inequalities amongst its members. They argue that institutions like schools are important 

components of social reproduction. Perhaps the best evidence that mathematics education is 

political as a social reproducer is that, although the amount of mathematics actually 

performed by people at home or in their work is very small, this subject is one of the greatest 

determinants of vocational or educational advancement. 

Studies into the mathematics needed in non-specialised vocations and in day-to-day living 

have revealed that there is very little mathematical content which is absolutely necessary in 

order to adequately perform most people's work (e.g. Knight et al 1993; Cockroft, 1982). The 

mathematics exhibited in the examinations which give entry to further education or jobs does 

not match well with any identified job-related needs. Whoever solved a quadratic equation by 

factorisation outside of a school classroom? When was it necessary to prove a trigonometric 

identity? 

How has this situation come about? The gatekeeping function of mathematics has its basis in 

the preservation of social status through education. The history of mathematics education 

(like English or history or science) is characterised by a tension between the leisured 

intellectual pursuit of knowledge by an elite and the need for commercial and administrative 

mathematics by commerce and government. For example Chinese civil servant 

mathematicians became travelling tutors in order to follow their desire for pure knowledge 

(Swetz, 1974), and commerce became the vehicle by which mathematical knowledge was 

returned to Europe from the Arab empire after the Dark Ages (Swetz, 1987). Despite the 

development of mass mathematics education at the time of the Industrial Revolution, the 

Cambridge 'wranglers' (top mathematical scholars) represented another type of mathematics 
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education altogether, an education of a 'pure' subject which stood aloof from any uses to 

which it might be put (epitomised in Hardy, 1941). 

In America the 'new society' of equality attempted to overcome such divisions in education, 

and mathematics education was clearly "for all". Yet America, too, developed an elite 

mathematics education. That this was political can be seen most clearly from the changes 

which took place after the 'Sputnik' scare of 1958. Mathematics and science took the brunt of 

the American public's dismay at the launching of the Russian sputnik, and, in mathematics, a 

new curriculum was introduced which created an elite of those who understood the 'New 

Math'. The whole of compulsory mathematics education was involved despite the fact that a 

very small percentage of students would use this mathematics in a practical way. This status 

game is preserved to the extent that school curricula are determined by university 

mathematics - which less than 10% of the student body will ever study. 

In addition to these historical origins of mathematics as the gatekeeper, there is a 

psychological cause deriving from the congruence between mathematics and intelligence. 

Educational theory became dominated by psychology in the first half of this century, leading 

to "measures" of intelligence and a climate of testing. Mathematics, as an "easily measurable" 

subject, featured strongly. Being good at the subject became synonymous with being 

intelligent, and furthermore it showed one's position within an age echelon. (Compare this 

with English, which was also a compulsory subject, and which it was necessary to pass to 

prove communication skills). Mathematics became identified with success amongst parents 

and students, and these two attitudinal pressures reinforced each other in a circular way: 

parents became more aware of the value of mathematics in gaining future jobs; educators and 

employers were reinforced in their view that mathematics was important because everyone 

strived for it. In New Zealand this situation is preserved in the widespread use of standardised 

Progressive Achievement Tests for classifying and streaming students in all subjects in 

primary and secondary schools - despite the fact that these tests were designed to give group 

assessments, not individual ones. 

The effect of mathematics as an elite subject which is a determinant of future success is, 

firstly, masonic: there has developed a closed culture of mathematicians and mathematics 

educators. Such a closed culture makes it only a matter of time before the content of 

mathematics education becomes misaligned with the direct needs of society. Put another way, 

the 'cultural capital' of mathematics is defined by a small group who have an investment in 

continuing the status given to mathematics, and in the preservation of its power in the 

education system. 

D'Ambrosio (1990, p23) refers to this as the 'social terrorism' of mathematics education, and 

links it to the production of negative self-esteem among minority students. 
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Mathematics Curriculum Development  

If the role of mathematics in schools as part of social reproduction is politically important, 

then a struggle could be expected over who controls the curriculum. The way in which 

mathematics curriculum is defined, developed and implemented is the second dimension of 

the politics of mathematics education. 

Mathematics has been a compulsory subject in most education systems up to the late teenage 

years and takes up between 10-20% of a student's formal education time over that period 

(Husen, 1967). Who controls this time, and how decisions are made about how it is spent, 

become important political questions. 

Nationally structured systems contrast markedly with the revolutionary processes described, 

for example, in Guinea-Bissau (Freire, 1978), Cambodia and Nicaragua. The political climate 

of large tracts of those countries permit only local organisation, so the focus of educational 

programmes is directed towards immediate needs and political objectives. There are also 

sections within developed countries for which a locally defined curriculum is possible, 

particularly in post-compulsory sectors of education. Examples are minority programmes 

(e.g. Frankenstein & Powell, 1989) and indigenous initiatives (e.g. in Bolivia see Gaulin, 

1994, p249; in New Zealand see Barton et al, 1995). 

There is a tendency to think of such locally defined curricula as motivated politically, but not 

to notice the political action of nationally defined curriculum development. The role of 

curriculum development in preserving an education system which has political outcomes 

relates back to Bishop's article (1990), and is examined for the case of the United States of 

America by Apple (1992). In the Pacific, as another example, New Zealand mathematics 

educators are still being contracted to oversee curriculum developments in both French and 

English-speaking islands (Andrew Begg, Personal Communication, 1995), and Pacific 

mathematics educators are trained in New Zealand and Australian universities (e.g. Koloto, 

1995). Nor is this just Western neo-colonialism, for example there is a Han Chinese analysis 

of Tibetan mathematics education failure (Sun, 1992). 

Mathematics Education for Indigenous Renaissance 

The relatively recent recognition that mathematics is a political tool has, in itself, created a 

new political dimension to mathematics education. 

The first stage in this process is to recognise the political role of mathematics education in the 

past. A New Zealand example is given in Trinick (1994) and several analyses of the South 

Africa situation are given in the proceedings of the 1994 Political Dimensions of Mathematics 

Education conference (Julie et al, 1994). The next stage is the development of curriculum 
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projects which are designed with the political outcomes in mind. For example, the outcome of 

revitalisation of Maori language was the explicit aim of bilingual mathematics programmes in 

New Zealand (see Ohia et al, 1989; Barton, 1987). 

A good mathematics education in the terms of a dominant culture is important if children of 

an indigenous culture are to succeed in the world as it is, since those are the terms on which 

success is currently measured. However good mathematics education in an 

ethnomathematical sense is necessary if there is to be a change in society towards the culture 

of the indigenous group - i.e. the role of mathematics in passing on the value system of the 

group must be understood and promulgated. The extent to which both are possible together, 

who defines each of these curricula, and who decides which is to be taught and at what time, 

are all contentious issues. 

A detailed examination of the issues in New Zealand can be found in Barton (1995b). The 

Maori renaissance of the last twenty years has brought into sharp focus the cultural nature of 

the New Zealand curriculum, and has, for the first time, challenged the British legacy of our 

schools. It is interesting that, of all subjects, mathematics was the first to form bilingual 

teachers' groups, produce bicultural resources, develop a technical Maori vocabulary, and 

produce a separate Maori-language mathematics curriculum. 

Politics and Ethnomathematics 

Recent Writings 

Much of the ethnomathematical literature has been motivated by political concerns within 

mathematics education. What has given rise to these concerns at this time, and why is it 

occurring in mathematics in particular? 

D'Ambrosio's writing (e.g. 1985) on ethnomathematics sought to analyse the action of the 

individual in a social rather than a political sphere. This allowed a focus on the cultural 

aspects of mathematics education (and science education) rather than the active, revolutionary 

aspects of contemporaneous Critical theorists. He also differed from critical pedagogy in his 

belief that curriculum could be externally defined from the social aims of education (see 

D'Ambrosio, 1990), rather than defined as part of the dialectic between learner and teacher. 

However, D'Ambrosio did perceive mathematics education as a means of oppression, both on 

a colonial and a personal scale. Most of his writing in this area concerns the effect on 

individual children of the cultural action of a foreign mathematical culture, and of the 'social 

terrorism of mathematics' (e.g. 1987b). He regards the action of the curriculum as having an 

important political effect on children, and argues that curriculum should be culturally defined. 

 7 



  Anthropology, History, Sociology & Politics 

This is a mechanism by which cultural groups of all kinds (not just indigenous minorities) can 

claim their own cultural position within a diverse modern world. 

Much of the subsequent work in this area by Brazilian authors is influenced by D'Ambrosio's 

orientation. The notable work on Street Mathematics vs School Mathematics (Carraher et al, 

1985) argues that the significant mathematics done by street children is ignored and devalued 

by the school system, and describes how that system imposes a different mathematical 

schema which overrides and disempowers such children. 

Knijnik (1993), and Abreu & Carraher (1989), make the same argument for the traditional 

mathematics of Brazilian farmers. Knijnik describes how it might be possible to provide an 

education which does not have this terrorising effect, and analyses the social benefits of such 

an education. 

Gerdes' political motivations have already been noted. The African post-Portuguese 

revolutions in Mozambique, Angola and Guinea-Bissau were also Freirian in their 

educational thrust. However, on the assumption of government by the revolutionary councils 

and the subsequent national developments, this stance has been modified. Gerdes' early 

writings (1981, 1985), for example, show the explicit pedagogical aims of a revolutionary 

administration. He develops this theme in later writings (e.g. 1989a), but in a more academic 

way, so that his current position is aimed at increasing participation in mathematics for the 

development of a revolutionary society, as opposed to education aimed at recognising the 

mechanism of oppression in a post-colonial world. 

The Critical Theorists 

Freirian Critical analysis is dominant in ethnomathematical and political literature in 

mathematics education. In particular, Frankenstein, Powell, Mellin-Olsen and Skovsmose are 

explicit in their use of these theories and their application to mathematics education. 

Frankenstein and Powell (1989) (see also Frankenstein, 1983 & 1989) come from a 

background of American civil rights and work with Black American and Puerto Rican 

students. They focus on educational filtering caused by academic underdevelopment and 

psychological factors. They note that remediation is not a solution because of the stigma and 

preoccupation with low-order cognition. They see critical ideology as bringing awareness of 

cultural domination and thereby the possibility of overcoming it. Mathematics must be part of 

this process because of its pervasiveness. Thus mathematics education must include education 

about mathematics, education about mathematics education, and reflection on these 

processes. Ethnomathematics should be included because: it represents history more 

accurately; it encourages examination of one's own mathematical conceptions; it makes 

students realise that they know more than they imagine; and it is culturally affirming. 
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Mellin-Olsen (1986) claims to go beyond Critical Theory by developing a programme of 

Social Action. He states that the introduction of culture into the definition of mathematics 

gives a new impetus to questions about curriculum control and the social effects of education. 

He critiques Critical Theory for stopping at the point of awareness of political influence 

(conscientisation). His programme seeks to integrate "Social Action" into mathematics 

education: this requires students not only to perceive the political outcome of their studies, 

but also to use them to exert political influence. 

Skovsmose (1985, 1990, 1993, 1994) has been gradually developing a Critical Theory 

perspective on mathematics education. He began (1985) by arguing that mathematics 

education and critical education contradicted each other, with the result that both mathematics 

education is in danger of degenerating into a tool for technological socialisation, and critical 

education will be a powerless theory in the face of technological advance. These themes 

developed into a project (in Denmark) which attempted to integrate mathematical and 

technological knowledge with reflective knowing (Skovsmose, 1993). His recent book 

develops a philosophy of Critical Mathematics. 

The Politics of Ethnomathematics 

Ethnomathematics is political because it destroys the existing hegemony on mathematics by 

academic mathematicians and curriculum developers. A possible consequence of this is that 

the existing hegemony will only be replaced by another. Those developing ethnomathematics 

need to be aware of this political dimension to their work, and to address it in a way that 

makes political use transparent. For example, providing ethnomathematics with a secure 

philosophical base describing the ways in which mathematics is relative can help to prevent 

any hegemony. An acknowledgment of the reflexive and ethnocentric problems within the 

concept of ethnomathematics will also promote a Lyotardian dialogue which assumes that 

any concept is temporary and is only the means to a further discussion of the problems. To 

the extent that ethnomathematics can be independent of political theory, its indiscriminate use 

is circumscribed. 

The fact that the development of ethnomathematics as a field has been largely politically 

motivated presents it with a problem. If it is to be a legitimate field in the Western, rationalist, 

academic sense, then it must  transcend those roots and demonstrate its validity on other 

grounds. On the other hand, mathematics educators may still want it to perform a political 

function. 

At the very least it is important for ethnomathematicians to examine the political function 

their field performs. For example the focus on the processes of constructing mathematical 

knowledge changes its political role. Processes are more powerful than factual knowledge in 
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terms of the emancipation of dominated groups because processes allow the information 

explosion to be circumvented, providing previously under-educated groups with a means for 

catching up. Processes are also difficult to assess by examinations and cannot so easily be 

equated to intelligence, thus the use of maths education as an easy to administer gatekeeper 

will be diminished. 

Mathematics (conceived aculturally) seems potentially to be the least political subject, this 

makes it even more powerful because it is unrecognised. Ethnomathematics has a role to play 

in exposing the political role of mathematics, and thereby disempowering it. 

The progress of the mathematico-technological culture continues. The growth of 

ethnomathematics is a response to this hegemony, leading to cultural rebirth and a re-

examination of the cultural history of mathematics. The role of values and their political 

power in this analysis is important and yet to be fully completed. 
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3 Philosophy & Mathematics 

It is a glaring omission in ethnomathematical literature that philosophical considerations have 

not been addressed (see Section 0.2). This may be a reason why many mathematicians do not 

consider such writing even meaningful: the concept of cultural mathematics is ruled out by 

their philosophical standpoint. 

However, it is not the intention of this chapter to argue comprehensively for a particular 

position in the philosophy of mathematics, to reject other positions, and to thereby establish 

that a cultural view of mathematics is, philosophically, the only possible view. What is shown 

is that there is room for cultural conceptions of mathematics within an accepted discourse in 

the philosophy of mathematics. 

During this century there has been a shift in the orientation of the philosophy of mathematics. 

In the first thirty years there was concern with the epistemological foundations of the subject. 

To this was added Wittgenstein's challenge to the assumed function of philosophy (see 

Shanker, 1987, pp25-27) with his attention on the logical grammar of the syntax of 

mathematical propositions. During the 1960s and early seventies Lakatos was developing a 

new direction, labelled 'fallibilism', which had some connections to Popper's work in the 

philosophy of science. More recently a developing quasi-empirical direction has been 

explicitly acknowledged (Tymoczko, 1986, pp xiii-xvii; Bendegem, 1993, pp21-22). 

The challenge for someone writing about ethnomathematics is not just to ensure that there 

exists a philosophical account of the way in which mathematicians structure mathematics, 

acquire mathematical understanding, and communicate their ideas to others. It is also to 

ensure that the account is consistent in general with sociological and anthropological 

descriptions of how mathematics is spread and used in different societies and cultures. 

Furthermore, the account must support the way in which mathematics is discussed as arising 

differently in different cultures, including different mathematical subcultures within 

mathematics itself. That is, it must be possible to accept the simultaneous existence of 

culturally different conceptions of mathematics, particularly if they contradict one another. In 

addition, any account must explain how one mathematics culture has come to be 

predominant, and, apparently, so highly developed compared with other mathematics 

cultures. 

Various philosophical positions are examined for their potential in this regard. Traditional 

positions are shown not to work as a basis for ethnomathematics (indeed, they are critical of 

it). Other more recent positions offer some foundation for a cultural conception of 

mathematics, but each need further development before providing the level of support 

desired. The main thrust of this chapter, however, is to argue that a Wittgensteinian 
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perspective makes it possible to understand the classical concerns in such a way that they are 

less critical for a cultural view of mathematics, and, furthermore, it provides a philosophical 

discourse which admits a concept of ethnomathematics. 

In order to clarify the differences between the positions and their relationship to cultural 

conceptions of mathematics, the main features of each position are described (and use is made 

of Goldbach's Conjecture to illustrate differences between them). Then a characterisation of 

both set theory and gurrutu (an Australian Aboriginal kinship relationship system) is made 

from the point of view of each philosophical position . 

As in the previous chapter, it needs to be said that what are referred to here as philosophical 

positions are not easily defined or separated from each other. Some terms, (e.g. Platonism, 

Intuitionism, Constructivism), represent a diversity of opinions, not all in agreement with 

each other, and each writer has their own way of grouping various other positions together. In 

treating the traditional philosophical positions this is not so important because a broad, 

generally acceptable characterisation is all that is needed to show their lack of support for a 

cultural conception of mathematics. For more recent positions the approach has been to take 

particular authors as representative, and examine their position alone. In the case of 

Wittgenstein it is particularly Shanker's (1987) interpretation (and not Wright's (1980), 

Klenk's (1976), nor Bloor's (1983)) which is used to establish a philosophy of mathematics 

sympathetic to the idea of cultural diversity. 
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3.1 Classical Philosophies 

The classical questions of mathematical philosophy are the ontological question concerning 

the nature of mathematical objects and the epistemological question of how we come to know 

them. Although Plato's answer to the first question - that mathematical objects had an ideal 

reality outside the human mind - was challenged by Aristotle and others soon after it was 

posited some form of Platonic Realism persists, and is cogently argued for, in contemporary 

writing (e.g. Maddy, 1990; Resnik, 1993 - see below). The answers to the epistemological 

question about the basis of our understanding of mathematics have run a gamut of positions 

based on special faculties or intuition, to empirical observation of the world around us, and 

are elaborated as various intuitionist, logicist and formalist philosophies.  

Variations of many of these positions also persist (e.g. as naturalised epistemology (Resnik, 

1993), as quasi-empiricism (Kitcher, 1986), or as evolutionary epistemology (Rav, 1993)). 

They will be considered in the next section. 

All of these traditional positions in the philosophy of mathematics provide answers to these 

ontological and epistemological questions. They differ, are often incompatible, and each has 

inadequacies and strengths in its account of mathematics. In this section it is argued however 

that none of these philosophical positions provides an adequate philosophy on which a 

concept of ethnomathematics may be built. 

Realism 

The traditional realist position is traced back to Plato who held that there is a world of ideas 

and a world of things, and that mathematics is the essence of the ideal world. Thus the real 

world is not just understood through mathematics, but mathematics transcends the real, 

physical world. The characterising feature which is used to label modern day Platonists is that 

there is a transcendent, ideal world of mathematics which is independent of humans, that 

mathematical objects and relations are objective and that truths about them are discovered. 

What has developed over the centuries is not mathematics but our knowledge of mathematics 

(see Maddy, 1990, pp21ff for a fuller account). 

As an example, for a realist Goldbach's Conjecture (that every even number greater than 5 

can be expressed as the sum of two primes) is a sensible statement which is either true or 

false. We should be able to discover which, and prove it, if only we try hard enough. 

The essential feature of realism which makes it ultimately unsuitable as a philosophical basis 

for a cultural understanding of mathematics is the requirement for a universal, a priori basis 

for truth about a pre-existing world of mathematics. 
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It could be argued that it is not necessary for a cultural conception of mathematics that 

realism is rejected. An absolute answer to the ontology of mathematics, combined with a 

relativist answer to the question of how we come to know it, would admit a culturally-based 

concept of mathematics. That is, it may be that mathematical objects are absolute, but that 

they are only knowable through individual human faculties which are different for different 

humans, depending on various factors, including their culture. Cultural views of mathematics 

are therefore an expression of the inadequacy of human understanding of this ideal world. 

However, mathematical expression in another culture would then have to be conceived as a 

cultural approximation to the truth. One consequence is that any such cultural mathematics 

can be measured in terms of its closeness to the ideal, which in turn allows colonial 

categorisations of primitive mathematics, sophisticated mathematics, and so on. 

Compare what the realist might say about set theory and gurrutu. Set theory is an expression 

of the abstract relations between things. It is still a human expression, but it deals with the 

abstract and logical relations of the mathematical world. Its results are true to the extent that 

they reflect this world. 

Gurrutu, however, is not a generalised and abstract system. It does cover all things in the 

Yolngu world, but only if you are in that world. Thus it is a human system which embodies 

some logical relationships, but it is not of those relationships in the way that set theory is. 

That is, set theory would encompass the relations and operations of gurrutu, but not vice 

versa. Gurrutu is not mathematics for a realist, at most it is an application of abstract logical 

relations. 

Logicism, Intuitionism & Formalism 

Opposed to a realist/Platonist view, is one in which mathematics is regarded as a product of 

human thought. Aristotle's conception of mathematics as the abstractions that the human 

mind derives from the physical world, and Kantian notions of mathematics in the organising 

power of the mind, are both precursors to logicism, intuitionism, and formalism - positions 

which arose from the change in philosophical orientation from "What is mathematics?" to 

"How can we be sure about mathematical truths?" (Tymoczko, 1986, p xiv). 

Several authors have given accounts of these three schools, explaining the "foundations 

crisis" of the early twentieth century which gave prominence to them, and the subsequent 

mathematical developments (e.g. paradoxes and Gödel's Theorem) which have destroyed the 

possibility of foundations in the manner in which they were originally conceived (see, for 

example, Körner, 1960; Kline, 1980; Ernest, 1991). 
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In these terms the question for a cultural conception of mathematics is one of relativity. If 

ethnomathematics is to make sense either as culturally different mathematical practices, or 

the study of these, then mathematical foundations must allow room for more than one form of 

mathematical knowledge.  

Logicism 

Logicism, broadly conceived, is the thesis that all mathematics is derivable from logic. Frege, 

Russell and Whitehead developed this idea over a period of thirty years, and the theme was 

continued by Carnap. A logicist view of Goldbach's Conjecture would be that it is a well-

formed question within the mathematical system based on logic, and that therefore the 

question of its resolution can be sought by the application of logic and the development of the 

system. 

Apart from the difficulty of logical paradoxes, several of the logicist axioms (of reducibility, 

of choice, of infinity) were heavily criticised. Körner (1960, p50-1) also notes that logicism 

reconstructs, i.e. it describes post hoc. Thus to understand, say, calculus, from a logicist point 

of view takes more than to understand it as a mathematician. There is a move from the claim 

that mathematics possesses certain logical characteristics, to using logic as a criterion for 

mathematics. 

Despite most logicist writings making the assumption that there is only one logic (the 

Aristotelian form), logical relativity is possible, and is described by Körner (1960, p154-5). If 

mathematics is logic, then cultural relativity in mathematics can exist if different logics exist. 

Körner notes that those holding different conceptions of logic can each understand one 

another's point of view, but don't believe it to be the correct one, implying that it is possible to 

move from one to another, but that it is not possible to thereby escape from a logical position. 

This has a parallel with the cultural dependency of ethnomathematics: it is possible to look 

through the lens of culture at mathematics, and even to have some understanding about how it 

is from another point of view. But that doesn't mean it is possible to escape into some 

'universal' standpoint. 

However the reason logicism is not helpful as a basis for cultural mathematics is because 

logicist mathematical relativity requires evidence of a different logic. If the logic underlying 

the mathematical practices is not identified, or is not different, then the mathematics being 

represented is either not mathematics, or it is the same mathematics. 

For example, logicism regards set theory as a fundamental representation of the logic of 

mathematics as it is widely known. Gurrutu, on the other hand, does not demonstrably require 

another logic, and so it is most likely translatable into known mathematics - i.e. gurrutu is an 
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embodiment of the rules of logic and is bound by them just like other systems, but it is not the 

same as logic (or reducible to it), and so it is not mathematics. 

Intuitionism 

Intuitionism can be traced back to Descartes, through Kant, and was taken up by the 

mathematicians Pascal, Kronecker, Poincaré and Lebesgue (Kline, 1980, pp230-5). It was 

given a definitive statement by Brouwer (1983a & b), and recent versions are due to Dummett 

(1977) (see also Maddy, 1990, p23). The central idea is that mathematics originates and takes 

place in the human mind, and the mind recognises basic, clear intuitions including the 

integers and events in time sequences. These intuitions are independent of experience, of 

language, and of the real world. While mathematical induction is possible, the actual infinite 

(in Cantor's sense of transfinite numbers) is rejected. The only allowable mathematics is that 

which can be constructed. Thus a proof of Goldbach's Conjecture is not possible since it is not 

possible to construct all even numbers. 

An intuitionist position is unsatisfactory as a basis for a cultural approach to mathematics 

because it assumes the universality of those fundamental intuitions which allow us to perceive 

basic mathematical objects and relations. Experience and language in particular are excluded 

from making a difference. Humans have the ability to find within themselves the ability to 

"see" mathematical truths - and this must imply that we are all "seeing" the same truths.  

Intuitionism does not recognise a priori logical principles (for example the Law of the 

Excluded Middle), so set theory is no basis for mathematics. On gurrutu an intuitionist is 

likely to consider it as a system of relationships which have been constructed and which, to 

the extent that it is mathematical, is about the same mathematics. 

Formalism 

Hilbert constructed an approach to the foundations based on the idea that mathematics was a 

formal system of symbols and axioms manipulated according to rules of logic. The axioms 

and rules are assumed and have no relation to meaning or the physical world (although these 

do enter the picture through applications). For example, according to the formalists, 

Goldbach's Conjecture had to be provable or disprovable from the basic axioms of 

mathematics. With Bernays, Ackermann and von Neumann, Hilbert worked towards a 

method of establishing consistency, which had become the criterion for success for this 

position. Unfortunately for them, in 1931 Gödel's Theorem destroyed the possibility of 

achieving this goal. 

Formalists have debated alternative axiomatic systems, but have judged those systems on 

whether they are adequate for mathematics as it is currently conceived, rather than the other 
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way around (i.e. developed different axiomatic systems to define new mathematics' - with the 

notable exceptions in non-Euclidean geometry and non-standard analysis). 

Formalism will not assist in the development of a cultural view of mathematics because, 

although a formal system may be arbitrarily set up so long as it is consistent, its validity lies 

in itself not in its relation to context, i.e. the meaning of the system is based on universal 

intuitions and is secondary to its form. A conception of cultural distinctiveness in 

mathematics must relate different systems to cultural characteristics, otherwise the adjective 

'cultural' is not appropriate. It is not sufficient simply to have the possibility of different 

systems which are all removed from external identifying features. 

Formalism accepts set theory provided that axioms exist which state which sets can be 

formed. With respect to gurrutu, formalism could accept such a system provided that its 

axiomatic basis had been established (in a manner acceptable to their metamathematical 

principles). Since this basis is not expressed in such a form, gurrutu would not be 

mathematics, although it might be able to be made so. 

Neo-Realism 

Platonist or realist positions in mathematics have always had their adherents. Maddy (1990, 

pp20-36) reviews the development of realism in mathematics (and the attacks on it) as a 

prelude to defending a version she calls Set-Theoretic realism. This position, and the 

naturalistic epistemology which underlies it (Resnik, 1993) are taken as representative of neo-

realist positions. They are backed up by several writers in popular books about mathematics 

(Barrow, 1992; Penrose, 1989; Hofstadter, 1979). 

Maddy (1990) outlines two versions of realism, one due to Quine and Putnam, the other due 

to Gödel. Both accounts are based on a naturalised scientific realism in which (Maddy, 1990, 

p14): 

... to be a realist about medium-sized physical objects [and] the theoretical posits of science ... is to 
hold that these entities exist, that they do so objectively - they are not mental entities, and they 
have the properties they do independently of our language, concepts, theories, and of our cognitive 
apparatus in general ... . And, in the naturalized spirit, the realist assumes that the most strongly 
held of our current theoretical beliefs are probably at least approximately correct accounts of what 
these things are like. 

The Quine/Putnam version is "committed to the existence of mathematical objects because 

they are indispensable to our best [physical] theory of the world" (Maddy, 1990, p30). This 

renders mathematics as a posteriori, and liable to revision (like scientific theories). However 

it also means that only the mathematics which is applied is justified. The Gödel version has 

two levels: elementary mathematical concepts are justified by intuition, and more complex 

 7 



  Philosophy & Mathematics 

theoretical ones are justified by their consequences, i.e. they 'work' in physical theories. This 

leaves the 'truth' of mathematics unexplained (Maddy, 1990, p35). 

Maddy takes a compromise position, using the indispensability arguments of Quine/Putnam, 

the recognition of purely mathematical evidence from Gödel, and a naturalised epistemology 

(see Resnik, 1993). Thus, for example, Goldbach's Conjecture, is about real properties of 

things (numbers) which we know about because they are intuitively clear. Prime numbers, are 

practically useful in number theory, and therefore there is no cause to doubt them, although 

our view of them may be modified in the future. The truth or falsity of the conjecture is a 

matter of discovering how things are with numbers. 

Neo-realism at first glance provides an opening for a relativist basis for cultural mathematics 

because, although the ontology is absolute, the epistemology could be relativist. That is, if our 

knowledge of mathematics is based on our current best understanding of the world and the 

success of our mathematical concepts, it is possible that different cultures may have different 

understandings and different successful concepts. The problem, however, is the assumed 

universal nature of 'best understanding of the world'. 

In order for a realist ontology to persist it would be necessary that, if there were two opposing 

views of the way the world is, then they would have to be resolved into a 'best' view. The 

criterion for doing this is not specified, although such a criterion is assumed to exist, and is 

likely to be compatibility with European science. It is likely that mathematical worlds which 

did not support this view of science would be subsumed or dismissed - in exactly the 

imperialistic fashion that writers in ethnomathematics are attempting to fight. 

This 'blindness' is best illustrated in the description of naturalised epistemology given by 

Resnik (1993). In order for mathematics to become included in a naturalised epistemology it 

is necessary to "make room" for its concepts within science. Resnik does this by arguing that 

mathematical concepts are similar to scientific objects like electrons (which are "widely 

regarded as paradigmatic physical objects" (p44)). He notes that electrons are conceived not 

as points in space-time but as fields (i.e. as a function defined in every point of space). Thus, 

to include mathematics in naturalised epistemology, Resnik moves parts of science into 

mathematics, and then claims that that makes mathematics part of science. He is able to do 

this to whichever parts of mathematics he likes. Since being part of his science is the criterion 

for truth, any mathematics which does not fit with that understanding of the world is rejected. 

With respect to the examples of set theory and gurrutu the following can be inferred. Neo-

realism regards set theory as based on intuitive principles and established by axioms. The 

difficulties which remain in a set theoretical version of mathematics can be attacked by 

searching for better axioms - and this is part of the pursuit of mathematics. On gurrutu, the 
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neo-realist is likely to say that it is based on a scientifically incorrect version of the world 

(things in the world are not really categorised into groups which depend on their relationships 

to humans), and thus it is not a true theory, let alone being mathematics. 

Traditional philosophies (and the modern version of Platonism) are seen not to be 

sympathetic to a cultural view of mathematics in line with the ethnomathematical literature. 

Davis & Hersch (1981) in pointing out the schizophrenia of mathematicians when challenged 

on their philosophic views on mathematics notes that "the typical working mathematician is a 

Platonist on weekdays and a formalist on Sundays" (p321). This does not imply that 

mathematicians are philosophically confused, but that there is still a preponderance of 

traditional conceptions of philosophy amongst them. Given the difficulties of traditional 

philosophies for ethnomathematics, this conservatism is part of the reason that many 

mathematicians are unwilling to admit such a concept. 
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3.2 Twentieth Century Philosophies 

Philosophical writing in the last forty years appears to have created more room for relativistic 

notions, and therefore, it might be assumed, created an opportunity for establishing a cultural 

basis for mathematics. 

Lakatos, the mathematical sociologists, and the emerging neo-empiricists, are all concerned 

more with what it is that mathematicians actually do, than the status of the mathematics they 

work with. Bringing the human (and therefore the social and cultural) element into the 

philosophy of mathematics has meant an intensified focus on the relationship between 

mathematics and another important human activity, namely science. The human element has 

also raised relativity as an issue: a spectre for some, a working assumption for others. 

Before moving on to the recent developments, however, it is useful to consider one of their 

predecessors who was concerned with the evolution of mathematics as a human activity. 

Recurrent History: Bachelard 

Bachelard's Philosophy on Mathematics 

The French philosopher Gaston Bachelard, writing in the 1930's, describes a historically 

relative notion of objectivity which gives rise to changing conceptions of mathematical 

objects and of rationality (Tiles, 1984; Smith, 1982). His analysis provides a model which 

might help explain cultural relativity, not just for mathematical practices, but also for rational 

thought. 

For Bachelard science is a dialectic of thought and matter (Smith, 1982, p14). Mathematics is 

used as a means for 'rational reconstruction': "traditional ontology must yield to a 

mathematically constructive rediscovery of reality"(Smith, 1982, p15). That is, mathematics 

brings 'possibility' into our understanding of empirical reality. Mathematics allows us to 

create new realities using new structures of knowledge which are unconstrained by 

experience. Bachelard shows how this happened in physics (in Relativity) and in chemistry 

(in the electrical chemistry of the atom). 

Bachelard's key idea is that objectivity is an ideal rather than a reality. At any time we may 

think that we see clearly how things are, or that we know clearly how to make judgements, or 

that we know how to discover the truth, or that we understand what makes a proof. However 

these ideas change over time, i.e. the sense of objectivity is illusory. With respect to 

mathematics, Bachelard believed that conceptions of mathematics at different times depend 

on changing notions of rationality, each successive change being regarded as being more 
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objective than the last. There is a progression towards a better, and then a still better, 

understanding of all the things which must be taken into account to get an objective view. 

A consequence of this analysis is that there are many different historical standpoints from 

which to view mathematics, each of which is correct at that time and each of which explains 

previous views. Each such view gains its (apparent) objectivity because of its 

intersubjectivity (the wide agreement amongst mathematicians about the view), its rationality 

(the structure of logical relations within this view), and because it is seen to arise from 

previous views and encompass them (cf Foucault, see Section 2.3). Bachelard describes a 

"recurrent history" of mathematics (Tiles, 1984, p15): 

[Which reveals] the route by which our concepts emerged from other concepts and ways of thought by a 
sequence of corrections or rectifications.  ... It is designed to show not merely how we came to present 
views but also why; it reveals the reasons for rejecting previous theories, for modifying previous 
concepts, and thus the reasons behind the acceptance of currently accepted views.  ... They are not only 
past reasons; they form part of the present justification of our theoretical positions. They are active in the 
present ... and must be understood and subjected to critical scrutiny if further progress is to be made. 

This historical explanation accounts for the development of mathematics over time, for the 

changing, creative nature of mathematical notions while retaining the objectivity required of 

the discipline. 

Another important idea in Bachelard's philosophy is that of the knowing subject. In order to 

gain objectivity, or to claim rationality, the person must reason in accordance with logical 

laws, but also they must be aware of the demand for rational thought - they must realise that 

they are thinking rationally. Furthermore, Bachelard realised that this created an inevitable 

link with the culture of the mathematician (Tiles, 1972, p41): 

The detailed features of a subjects' rational cognitive capacities cannot be disengaged from their 
conception of those capacities, and this conception is shaped by and revealed in the rational discourse of 
their culture. 

Bachelard does not, however, propose a relative philosophy. Although his mathematicians are 

bound by conceptions of rationality which are revealed in their culture, they can overcome 

them because they are aware of the 'objective' requirements for rational thought. 

To illustrate Bachelard's view, it could be argued that Goldbach's Conjecture relates to the use 

of 'true'. He says that the use of this word changes over time and amongst mathematicians. So 

the sense of the conjecture depends on the understanding of the statement at the time it was 

made, including our understanding of 'number' and 'prime'. In one time it may have meant one 

thing, in another it may mean something else. If, at some time, the truth of the conjecture was 

considered given but unknown, and now its truth is considered unknowable or nonsensical, 

then that is because what we are talking about has changed. And it may change again in the 

future. 
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Mathematical meaning is only accomplished "in the whole" (Smith, 1982, p27), it is 

necessary to understand the whole reality implied by a statement like Goldbach's Conjecture 

before one can talk about its truth or proof. Our present knowledge of the possibility of the 

unknowableness of its truth means that we do not understand it 'in the whole', i.e. in relation 

to the system mathematics as a coherent concept. This is what Bachelard means by saying 

that 'philosophy must learn from science (or mathematics)', i.e. the categories we use to talk 

about mathematical concepts will be derived from those concepts themselves, not from a 

priori beliefs about mathematical reality, truth or proof.  

How Bachelard Might Help Ethnomathematics 

Ethnomathematicians need to be able to discuss the possibility of the simultaneous existence 

of different mathematics, it would therefore be helpful to be able to explain how different 

conceptions of mathematics and different standards of rationality may co-exist. It would be of 

further help to explain how they can co-exist in cognisance of each other, i.e. how holders of 

these views may know about the views of others and accept them as right in some rational 

sense. 

Bachelard's relativity of mathematics through time implies the possibility at least of its 

contemporaneous relativity. A conception of mathematics which debunks its absoluteness 

temporally, brings into doubt its absoluteness in any sense. 

It may be possible to pursue cultural relativity using a parallel to Bachelard's notion of 

historical vitality. Let it be called 'cultural vitality'. This means that, as well as a recurrent 

history, there is a recurrent cultural dynamic which acts in the present in a critical fashion. 

Mathematicians evaluate their own practices and conceptions in the light of other practices 

and conceptions; modify, reinterpret, discard, or adopt particular practices; and retain the 

knowledge of how and why this was done as part of their mathematical understanding. These 

changes are themselves the subject of critical reflection, and must be so criticised if further 

advance is to be made. 

If this is true, how is it that very few mathematicians would acknowledge that this process 

goes on? Again a parallel can be drawn with the historical case. Mathematical change is 

conceptualised as resulting from conflicts of heterogeneous domains after the change: 

Descartes, Lobachevsky, Einstein did not see themselves as changing epistemology. The 

accommodation of cultural impact will also be recognised only after the event. Examples can 

be seen in the changes in methodology resulting from the travel of influential mathematicians, 

for example, Fibonacci's travels in North Africa. 

There is, therefore, a consciousness of change, of what motivated particular thoughts, new 

ideas and so on, but not necessarily a consciousness that this is a culturally relative process. 
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Most mathematicians regard their subject as universal and from their point of view this is 

'true'. If a discontinuity arises (be it temporal or cultural) then there needs to be a cognitive 

shift to accommodate the clash of domains. When this is achieved the sense of universality 

returns. It is only when this process is reflected upon that we see the relativity of the past 

situation. Universality, like Bachelard's concept of objectivity, is an (unattainable) ideal 

which guides mathematical development. It is illusory in that any claim to universality may 

be challenged by an awareness of a different culturally-based view; but it is real because, at 

any given time for any particular person, there is a complete explanation for the domain of 

mathematical concepts. 

What, then, is the status of a culturally different mathematics? Again a parallel with 

Bachelard's historical case is helpful. Particular conceptions of mathematics begin and end, 

but also live on, in the critical role played by the historical definition of present conceptions. 

The end occurs when a new conception encompasses the past ones and resolves the conflict 

of domains which has arisen. Ethnomathematical conceptions are also temporary: they end 

when a new conception arises out of two conflicting ones, but they live on in the critical role 

now played by that conflict in the present conception. In the case of ethnomathematics, 

however, the possibility exists for one group to recognise and accommodate the conflict while 

the other does not. It is this possibility which gives rise to judgements that another group's 

mathematics is inferior, and which explains the widespread belief in one mathematics. 

Mathematical practices are very quickly accommodated, and can usually be transported 

across cultural boundaries without much difficulty because they have very broad areas of 

applicability, are very generalised, and can therefore adapt to a wide range of activities. 

However the interplay between conceptions is not so visible because the resolution of 

conflicting conceptions gets played out through the mutual accommodation of many 

practices. Mathematical practices embody implicitly mathematical conceptions, thus it takes 

the interplay of many practices to carry the full impact of the conceptions behind them. This 

explains why mathematical conceptions of minor cultures become colonised: the 

mathematical conception with the wider range of applicability will accommodate different 

practices more readily than the minority conception will accommodate its opposing practises. 

Difficulties to be Resolved 

It is not intended to elaborate a new philosophy based on Bachelard to support 

ethnomathematics, only to show that this might be a fruitful direction to pursue. Many 

problems remain. For example, in Bachelard's historical account, the sequence of scientific 

changes is evaluated as progressive by the yardstick of closer approximation to objectivity. 

Two possible yardsticks for mathematics are generality and interrelatedness. However, 
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ethnomathematics requires simultaneous progress in different directions, so it remains to be 

explained how these yardsticks allow for this possibility. 

Another difficulty of Bachelard's conception of 'rationally justifiable discontinuities' is the 

temporary status it thereby implies for Bachelard's own explanations. Tiles (1984, p xvi) 

acknowledges this difficulty for her own (re-)construction of Bachelard's work. The difficulty 

also exists for a philosophy which supports simultaneous but differing conceptions of 

mathematics: if the co-existence of conflicting conceptions of rational systems can be 

accepted, then it must also be possible to accept conflicting rational conceptions of 

ethnomathematics. In particular, there may be a conception which denies the possibility of 

ethnomathematics. On what basis can this be challenged ? 

A resolution to this problem may be to use Bachelard's conception of the development of 

theories of knowledge. If an explanation of ethnomathematics adequately explains how 

mathematics was, in the past, considered monocultural, then it can only be contradicted by 

another explanation of the same power, i.e. one which shows how this view is itself 

explicable in terms of some wider conception of the nature of mathematics. A conception 

which denies the existence of ethnomathematics need only be taken seriously if it also 

explains historically how ethnomathematics came to be conceived in the first place. A 

defence can only be attempted when this happens. 

If we are to enlist the aid of some form of Bachelardian relativism, it would be helpful to be 

able to counter the standard arguments against it. Tiles (1984, pp25-7) identifies three 

specific criticisms of the relativist philosophy. The first is that the idea of a knowing subject 

inevitably brings into play the subject's 'way of thinking' and a move into psychologism 

(Bloor, 1976, pp76-8; Tiles, 1984, p147). The second is that a subjective sense of progress is 

no guarantee that progress has actually been made. The third criticism is that critical 

reflection cannot be both rational and innovative - criticising one's own conceptions of 

rationality is only to take on another, similarly suspect, notion. There are no neutral grounds 

for debate on sets of standards. 

A more important difficulty of Bachelard's views for ethnomathematics, however, is that 

recurrent history is directioned to one inclusive, increasingly objective conception, thus other 

cultural conceptions can be measured against it. Some equality of historical perspectives is 

needed for the kind of writing being done on ethnomathematics. 

As a final illustration, what would Bachelard say about set theory and gurrutu? Both, one 

suspects, would be accepted as mathematics. Set theory presents a good example of how the 

rational framework changes as new problems emerge (Tiles, 1984, pp111-4), to the extent 

that a "spirit of non-Euclideanism reigns" (p112), i.e. several frameworks are possible 
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depending on what needs to be done. Gurrutu, although less formalised, could also be 

acknowledged as a basis for a rationality. 

Fallibilism: Lakatos, Tymoczko & Hersh 

Fallibilist Philosophy of Mathematics 

Fallibilism is the idea that mathematical knowledge is not a priori, but is in some sense 

empirical, i.e. the basic statements are justified by the system which they create. Thus basic 

statements are not so much 'true' as 'well-corroborated'. The fallibilist proposes that we 

recognise mathematical knowledge as fallible, and that the philosophical task is to explicate 

what mathematicians are doing. 

Lakatos (1978, pp25-30) traces the rise of empiricism back to Russell, and the realisation that 

mathematical foundations were inevitably subjective at some point. He elaborates the 

parallels between mathematics and scientific empirical knowledge quoting Gödel (Lakatos, 

1978, p33): 

[Russell] compares the axioms of logic and mathematics with the laws of nature and logical evidence 
with sense perception, so that the axioms need not necessarily be evident in themselves, but rather their 
justification lies (exactly as in physics) in the fact that they make it possible for these 'sense perceptions' 
to be deduced ... . 

Lakatos (1978, Chpt 8) analyses the empiricist positions of Carnap and Popper by drawing a 

distinction between the problem of the justification of knowledge and the problem of the 

growth of knowledge. He identifies Carnap as interested only in the first problem, and Popper 

as solving the second problem (and thereby solving the first) (1978, p131-2). Lakatos turns 

this into a discussion about mathematics as well as science (see p131, note 3), using Popper's 

(1959, 1963) empiricism on science to model mathematics as quasi-empirical (i.e. as non-

Euclidean or non-deductive). He notes that this may or may not imply empiricism in general 

(Lakatos, 1978, p29). 

The theme of quasi-empiricism is taken up by Kitcher (1983), Hersh (1986, 1993), and 

Tymoczko (1986, 1993, 1994). Tymoczko states that (1994, p49): 

[quasi-empiricism] is less a philosophical theory about mathematics than it is an approach to the 
philosophy of mathematics, an approach that stresses both mathematical practice and the natural 
connection between mathematics and natural science. 

He notes (1986) that it is compatible with both realism and constructivism, although it 

assumes "the constructions of mathematicians more as social products [rather] than in more 

mathematical terms" (p xvi). Tymoczko (1994) describes a version of quasi-empiricism, 

based on Quine's structuralism and Resnik's naturalised epistemology (see Section 3.1). (This 

highlights the difficulty - and danger - of categorising philosophical positions). 
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Hersh's quandary about the equally untenable choices currently offered by classical 

philosophies is a result of (Hersh, 1986, p25): 

the attempt to root mathematics in some nonhuman reality. If we give up the obligation to establish 
mathematics as a source of indubitable truths, we can accept its nature as a certain kind of human mental 
activity. 

He asks (1986, p21): 

Do we really have to choose between a formalism that is falsified by our everyday experience, and a 
Platonism ... where the ... inaccessible lie waiting to be observed by the mathematician ... with a good 
enough intuition? It is reasonable to propose a new task for mathematical philosophy: not to seek 
indubitable truth, but to give an account of mathematical knowledge as it really is - fallible, corrigible, 
tentative and evolving ... . 

Fallibilist descriptions of mathematics take the historical fact of progress of mathematical 

theories as an indication that previous theories were wrong in some sense. Kitcher (1983) 

notes that this either allows a judgement that earlier notions were worse that ours, or requires 

that earlier mathematics' are incommensurable, i.e. they were a different mathematical world. 

He attempts to circumvent this dilemma using 'reference potentials', i.e. the idea that terms 

refer to a class of events which may change over time, but the term can still be used 

commensurably to bridge the different periods. 

As an example of the fallibilist/quasi-empirical position, Goldbach's Conjecture would be 

regarded as seated in Number Theory which, although not necessarily perfect, has been well-

corroborated as a theory. The conjecture may or may not be true in this theory, but what is 

important is the way in which mathematician's use the conjecture to develop new 

mathematics, changing the theory if necessary.  

Fallibilism and Ethnomathematics 

Fallibilism appears to have some use as a philosophy on which cultural mathematics can be 

based for two reasons. Firstly, it assumes that mathematics is capable of correction, and 

therefore there is a possibility of more than one simultaneously fallible cultural mathematics. 

Different cultures may experience the world and their systems differently and thus may be 

evolving independently. 

Secondly, mathematical practice as the base for a philosophical approach to mathematics 

creates room for a cultural conception of the subject. A focus on practice involves an 

assumption of a community of working mathematicians operating in a cultural context: with a 

history, a language, and a set of operational conventions. Any particular mathematician may 

work at various times within different cultural contexts, and thus within different 

mathematical modes. What is more, the distinctions between these contexts will not usually 

be clear, nor even discernible. 

 7 



  Philosophy & Mathematics 

The cultural context of mathematics is reflexive: mathematics, as well as operating within a 

cultural context, also creates its own cultural context of language, history, and conventions. 

The mathematical culture has particular values (see Bishop, 1988a, 1990), and distinctive 

conceptions (Hersh, 1986, p23): 

Once created and communicated, mathematical objects are there. They become part of human culture 
separated from their originator. As such, they are now objects, in the sense that they have well-
determined properties of their own, which we may or may not be able to discover. 

If this sounds paradoxical, it is because of a habit of thinking which sees in the world only two kinds of 
reality: the individual subject .. and the exterior world of nature ... . 

The customs, traditions, and institutions of our society - all our nonmaterial culture - are aspects of the 
world which are neither in the private "inner" nor the nonhuman "outer" world. Mathematics is also this 
third kind of reality ... . 

This third kind of reality is a socio-cultural reality. 

Difficulties to be Resolved 

If a fallibilist/quasi-empiricist philosophy is to be a satisfactory philosophical base for 

ethnomathematics, then there are at least two difficulties which need to be addressed. 

Although the possibility of more than one mathematics evolving exists, if two different 

mathematics come in contact, then there is an assumption that they must be resolved. 

Fallibilism is directioned to one, inclusive conception which is not, so far, falsified. But two 

opposing conceptions of mathematics would falsify each other. It is as if a single underlying 

reality is assumed. 

On the one hand it could be argued that such a view is corroborated by the history of 

mathematics as it is understood, that this is, in fact, what happens. However an assumption of 

many of the writings on ethnomathematics is that this is not necessarily the case, and that, by 

becoming open to the possibility of culturally diverse mathematics, then they may in practice 

evolve, and proceed in parallel. One mathematics may be interpreted by another, even 

included in it, but this need not be mutual, and inclusion by only one mathematics of the other 

need not imply that the dominant one is 'correct'. 

Another difficulty is that culturally different mathematics can also arise because there is a 

branching in the line of evolution of mathematics, i.e. fallibilists neglect historical relativity. 

There is no way of knowing what theory of mathematics we may now have if the historical 

progress of mathematics had been otherwise, nor is there a way of knowing whether the 

hypothetical theory would be more comprehensive, more sophisticated, more applicable (or 

'better' by any other criterion of progress) (cf Lakatos, 1976, Chpt 3). 

Fallibilism/quasi-empiricism regards set theory as part of the best abstract structure we have 

to explain number. It is a structure that has evolved as other new mathematical concepts have 

 8 



  Philosophy & Mathematics 

arisen (e.g. transfinites, see Kitcher, 1983). On gurrutu a fallibilist might say that this is a 

working system, but we need to keep finding and correcting its consequences so that it and 

mathematics can be mutually inclusive - at that point it becomes part of mathematics. 

Sociological Metaphysics: Bloor 

Bloor's Metaphysics 

Relativist philosophies in the tradition of Bachelard and Lakatos give some direction to their 

mathematical change, their relativism is temporal and successively more inclusive. 

Ethnomathematicians need to be able to discuss a concept of different mathematics of equal 

rational standing sustained simultaneously (and possibly in cognisance of each other). A 

writer who appears to defend such a position is Bloor (1973, 1976, 1978, 1983, 1994). 

Another, not considered in detail here, is Ernest (1991, 1994d), whose social constructivist 

philosophy falls between that of Bloor and Lakatos. The possibilities for establishing a 

philosophical basis for ethnomathematics from social constructivism are similar to those for 

Bloor below, as are the difficulties. Furthermore, Ernest is caught in a conflict between 

requiring a basis for rational judgement (implied by Lakatos), and the socially defined nature 

of truth implied by constructivist ideas (see Kroon, 1993). 

Bloor 's aim is to develop a 'Strong Programme' in the sociology of knowledge (Bloor, 1973, 

but see above, Section 2.4 for a brief description). This implies (Bloor, 1976, p158): 

that ideas of knowledge are based on social images, that logical necessity is a species of moral 
obligation, and that objectivity is a social phenomenon. 

Bloor (1976, Chpt 6) applies this to mathematics, and he uses mathematics as the testing-

ground of his theories. The result is not just sociology, but philosophy (1973, p183): 

Both the strong sociological programme and the picture based on Realism and teleology are pieces of 
metaphysics. They are highly general orientations, suggesting lines of theory construction but not open to 
empirical testing. 

Bloor argues that his programme and realism are mutually exclusive because the latter puts 

social factors outside mathematical theory, i.e. it is only possible to have a sociology of 

errors, not of 'true' mathematical knowledge. He uses Wittgenstein (1973, 1983, 1994) to 

support a sociological theory; to critique empiricism ("Wittgenstein ... is telling us that simply 

confronting two objects isn't the same as having the concept of 'two'" (1994, p23)); and to 

break down the reification of mathematics as beyond sociological explanation (1973, p190). 

Bloor (1978) attempts to turn this programme into a theory, i.e. to describe the mechanisms 

by which social and institutional circumstances strongly determine the knowledge that 
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scientists produce. To do this he uses Lakatos for a philosophic base and anthropological 

theory for the mechanisms. 

For example, Bloor would say that the concepts behind Goldbach's Conjecture have been 

developed over a period of time to come to their present meaning, furthermore the reasons for 

current meanings relate solely to the social circumstances in which they were developed. 

Bloor & Ethnomathematics 

The advantage of Bloor's philosophy as a basis for cultural mathematics is that he is explicitly 

relativist (1976, p180), and defends relativism in mathematics by quoting counterexamples in 

the logical heart of abstract proof, e.g. in valid inference by modus ponens: 'If you have a 

heap of sand and remove one grain, then you still have a heap' - keep applying this statement 

until the sand runs out. 

He deflects criticism based on the lack of alternative mathematical systems to the one we 

know by pointing out that the opposite of relative is absolute (not universal), i.e. he is 

claiming that it is possible in principle for mathematics/logic to be other than it is, not that it 

is in practice. 

He claims that his relativism is "neither more nor less guilty than other conceptions of 

knowledge which usually escape the charge [of relativism]." (Bloor, 1976, p159). In 

particular he argues that Popper (and hence Lakatos) are also relative in the same way (1976, 

p159): 

to see all knowledge as conjectural and fallible is really the most extreme form of philosophical 
relativism. ... What constitutes the very existence of science is its status as an ongoing activity. ... It does 
not need any ultimate metaphysical sanction to support it or make it possible. There need be no such 
thing as Truth, other than conjectural, relative truth, any more than there need to be absolute moral 
standards rather than locally accepted ones. 

The infinite regress of relativism is accepted in the same way (1973, p175, note 9): 

... what is logically objectionable about a never ending sequence of questions that can be raised? That the 
investigator can be investigated ... does not mean that anybody is free to say what they like. There are 
standards and there is coherence. ... It only means that sociology, like any other science, is never 
finished. ... As [Popper] says very clearly, the regress is not vicious because the ground of scientific work 
consists in accepting some things as a matter of convention which can in principle always themselves be 
subject to scientific scrutiny. 

Cultural mathematics, therefore, can arise out of different sociological causes. Bloor's 

mechanisms account for much of the way mathematics is, in fact, close to universal, and to 

the way it is assimilated by stronger cultural groups. In order to be used for 

ethnomathematics, his social theory mechanisms between social groups (Bloor, 1978, 

pp257ff) need to be extended to apply to cultural groups, but this does not look to be too 

difficult since they are grounded in anthropological theory. 
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Difficulties 

The main difficulty with Bloor's philosophy as a philosophical basis for cultural mathematics 

is that it is a metaphysics, that it purports to be a basis for belief (1976, p159): 

What are all these factors [the local circumstances of the thinkers who produce knowledge] other than 
naturalistic determinants of belief which can be studied sociologically and psychologically? 

This is different from both the neo-realists and the quasi-empiricists considered above who 

leave open the metaphysical question and only attempt to explain what mathematicians 

actually do. Thus, unlike Bloor, they dodge the traditional dilemmas and challenges of 

ontological and epistemological debate. Bloor uses Popper's defence of the infinite regress of 

relativism, but the regress can only be admitted as not vicious when it is about what happens 

in scientific discovery, not when it is about the basis for belief. As a metaphysics, Bloor's 

thesis needs to successfully defend itself against realism and formalism in conventional 

terms. 

The second difficulty with Bloor's conception is that, although Bloor embraces relativism, he 

acknowledges only that mathematics could be other than it is, not that other mathematics' 

exist. Restivo (1993b, p251-2) charges that Bloor defends modern (Western) science, and 

only admits culturally distinct forms of mathematics rather than alternatives to modern 

mathematics. Another way of saying this is that Bloor does not question what makes 

something mathematics, but assumes that it is already known. In the terms used earlier, Bloor 

accepts historical branching, but not simultaneous mathematics existing in cognisance of each 

other - that is to say he does not address the issue in any of his works. Before this philosophy 

can be useful for ethnomathematics, there is work to be done on what happens when different 

(incommensurable) cultural mathematics interact. 

To illustrate: Bloor regards set theory as a structure which has arisen as a result of particular 

social (and psychological) circumstances. Set theory may develop in the future, but not 

because of 'mathematical errors' nor because 'it is discovered that it does not accurately 

represent the world'. It will change in response to social factors. On gurrutu, Bloor is unlikely 

to regard it as mathematics, although he would see it as a coherent, systematic body of 

knowledge - which also had a sociological and psychological basis for belief. 
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3.3 A Wittgensteinian Philosophy 

Ethnomathematics needs an explanation not just of historical differences, but of simultaneous, 

mutually cognisant, mathematics. That is, it is not enough that there is a basis on which 

differing views of mathematics may exist in far-flung corners of the earth without knowledge 

of each other. Holders of these views should be able to know about other views and to 

acknowledge them as right in some rational sense. 

At the same time as admitting culturally different mathematics, a philosophical base must 

also explain why there is a strong sense of the universality and absoluteness of mathematics 

in its current academic form. Furthermore, it must explain the relationship between different 

conceptions: what happens when someone holding one conception becomes aware of another. 

It has been shown above that traditional philosophies and neo-realism cannot provide this 

basis. Three contemporary philosophical approaches have been shown to be more useful in 

this regard, but still fall short of the level of relativity required by most ethnomathematical 

writers. In this section, a more suitable conception elaborated by Restivo will be discussed. 

However, Restivo does not provide a full philosophic background, he merely states a position 

and produces some evidence. This section also discusses a particular reading of 

Wittgenstein's philosophy which can be used to support Restivo and ethnomathematical 

writers. This position will not be argued for, nor defended against existing attacks: the 

intention is to show that there is a recognised and elaborated philosophical method, namely 

Shanker's reading of Wittgenstein, which does provide the philosophic support desired. 

Restivo's Position 

Restivo pursues a radical programme in the sociology of mathematics in which "all talk about 

mathematics is social talk" (Restivo, 1993b, p248) (see also Section 2.4 above). In particular 

he bases his ideas on Marx and Durkheim who argued that all human activities are social 

activities and social products. For Restivo, logic, levels of abstraction, theories, indeed, the 

mind itself, are entirely social phenomena. Criteria for objectivity, truth, and aesthetic values 

are similarly grounded in social interests (1992, p129-35). 

Restivo (1992, p9) notes two interpretations of the relationship between mathematics and 

culture. The 'weak' view is that mathematics is a social and cultural phenomenon, that 

mathematical ideas and activities vary from culture to culture, and that the 'true' results of the 

various cultural mathematics together make up 'world' mathematics. The weak view is 

adequately demonstrated by examining mathematics from different historical periods and 

cultures. The 'strong' view challenges the idea that all cultural traditions in mathematics 
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contribute to the same mathematics. Rather it assumes different mathematics and 

incommensurability between them. 

This leads him to describe 'math worlds' (Restivo, 1993b, p249-50): 

The apparently purest concepts ... take on the appearance of objective ... concepts only to the 
extent that ... they are communicated - that is, only insofar as they are collective representations. 
... In fact, all  contexts of human thought and action are social [and] they are constitutively  social. 
This ... leads to the radical conclusion that it is social worlds or communities that think, not 
individuals. Communities as such do not literally  think ... rather, individuals are vehicles  for 
expressing the thoughts of communities, ... minds are social structures. 

One has to enter mathematics as a completely social world rather than a world of forms, signs, 
symbols, imagination, intuition and reasoning. This ... awakens us to "math worlds", networks of 
human beings communicating in arenas of conflict and cooperation, domination and 
subordination. Here we begin to experience mathematics as social practice and to identify its ... 
interdependence with other social practices. Entering math worlds ethnographically  reveals the 
continuity between the social networks of mathematics and the social networks of society as a 
whole. 

[Then] we recognize that social talk and technical talk seem to be going on simultaneously and 
interchangeably. ... The more we participate in the math worlds in which mathematicians "look, 
name, listen, and make", the more we find ourselves despiritualizing technical talk. ... [We] realize 
at last and at least in principle that technical talk is  social talk. ... Mathematical forms or objects 
embody  math worlds. ... They are produced in  and by  math worlds. It is, in the end, math worlds, 
not individual mathematicians, that manufacture mathematics. 

On the philosophical implications of these ideas Restivo is evasive. He characterises 

mathematical representation as a social construction, and acknowledges that this implicates 

him in a relativist/realist debate, and at the same time claims that the social construction 

conjecture can be consistent with independent reality. He then states that he does not want to 

become involved. 

However, while dodging the ontological question, Restivo admits the epistemological one 

(1992, p100): 

In my own case, the constructivist conjecture is a component of what I have elsewhere called 
emancipatory epistemology. It is, in brief, part of an explicitly liberatory epistemic strategy 
designed to keep us alive to the possibility of something new under the sun. 

While the sentiment of keeping one's eyes open can be applauded, these statements as his 

philosophical foundations leave a lot to be explained. 

Restivo describes 'mathematical representations' as "analogous to techniques, artistic 

conventions or other typical forms of culture" (1992, p102). Later, he gives more detail 

(1992, p110): 

Representations are tools, materials or in general resources that are socially utilized, and [are] the 
network of meaning (world view) in which they are embedded. Any given mathematical 
statement, fact, or proposition represents the social organization, social activity, and social 
interests and goals of mathematical thought collective, or community of consensus. A more 
radical version of this conjecture is that any given representation embodies the social process of its 
construction. 

 2 



  Philosophy & Mathematics 

Restivo states his epistemology in these naturalistic terms (1992, p102): 

To the extent that any form of consciousness or system of knowledge proves to be a viable 
problem-solving strategy it does so as continually corroborated knowledge. A discursive practice 
presupposes representations as ... integral with practice itself. Thus modes of production and 
modes of signification cannot be considered separated a priori. 

He does not want to thereby abandon "the project of distinguishing best possible epistemic 

strategies" (which is "not to be confused with the demarcationist strategy advocated by some 

admirers of science") (1992, p102). Indeed he states (1992, p125): 

While it is dangerous to identify one particularly successful epistemic strategy as paradigmatic, it 
is equally dangerous to give all epistemic strategies equal status and credibility. Some strategies 
are better than others under more or less specifiable conditions - not because they are True, but 
because they give reign to criticism and facilitate change. 

It should be noted that this partly contradicts his "successful problem-solving" criterion: it is 

possible that, within a given problem situation, inhibiting criticism and preventing change 

may be very successful. 

Restivo avoids the realist debate by saying that, even if realism is correct, (1992, p126): 

the world ... has proven to be too complicated for us to try to survive ... with a set of absolute 
truths ... and accurate representations. If nothing else, history shows us the wisdom of being 
prepared to act on the possibility that things might be otherwise regardless of the strength of our 
convictions. One strategy ... is to adopt accurate representations as useful, but to think of them as 
jokes so that they won't turn into authoritarian, dogmatic demons. Einstein and Feynman are 
among those scientists who have suggested this sort of strategy. 

Restivo's epistemology appears to be a naturalistic one similar to the neo-empiricists (see 

above Section 2.2), which leaves him well short of justifying incommensurable 'math worlds' 

in mutual acknowledgment of each other. The idea that practice and representation are linked 

does not actually tell us about the relationship between mathematical concepts and reality 

(however that is understood), nor does it explain how people justify belief or evaluate 

knowledge. How do people make decisions about when an idea is misconceived, and when do 

they abandon a practice which works only some of the time? 

Restivo accepts the realist/relativist debate as philosophically significant, and feels the need 

to hold some epistemic position. Therefore, unless he either elaborates how different 

mathematical worlds are connected to one reality, or denies any ability for humans to 

understand one reality (and thus abandons 'better/worse' strategies), then he cannot continue 

to hold a view of incommensurable worlds "without arguing for some type of ... radical 

relativism" (1992, p102). 

Restivo's writing exhibits some of the tension implied in the preceding paragraph. He spends 

considerable time (1992, pp110-8; 1993a, pp3-8) examining the basis for claiming the 'reality' 

of 2 + 2 = 4, and then mentions Wittgenstein as avoiding the realism/relativism dilemma by 
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advocating making "policy-decisions" and "using language as tools". But Wittgenstein (see 

below) obviates the need to discuss the basis of the 'reality' of 2 + 2 = 4. 

Another tension appears when Restivo (1993b, p268) charges that Rorty "Americanizes 

epistemology" and Bloor "dilutes the sociological imperative with a normative commitment 

to Western culture and Western science". He continues (p269): 

Given so much Westernism in philosophy, I have to wonder about the extent to which [these] 
philosophers ... are ideologues of cultural orthodoxy and prevailing patterns of authority. 

This echoes the discipline overlap problems of ethnomathematics (see Section 1.4). No-one 

can write about philosophy or sociology without presupposing concepts which have been 

constructed in the (Western) tradition of these fields. Restivo is as caught in this trap as much 

as the others he cites. 

Restivo (1993b, p268) claims that the sociological view nullifies the need: for rationality as a 

privileged explanatory strategy; for epistemology as a psychologistic theory of knowledge; 

and for philosophy as a tradition of professional ideologues. However he uses all three 

traditions himself, albeit in contemporary forms. What is needed is a transformational 

philosophy, not just a statement eschewing it. 

Wittgenstein According to Shanker 

Shanker's (1987) reading of Wittgenstein provides in detail a philosophic background to the 

sociological view Restivo describes. The problems Restivo (and others) encounter arise 

because they remain embroiled in traditional philosophical concerns about the nature of 

reality, epistemology, and relativism. Wittgenstein does not just put these issues aside, he 

defuses them by explaining how they are not philosophical issues at all. 

Wittgenstein proposes that the philosophy of mathematics should focus on the way in which 

we talk about mathematics, i.e. on the grammar of mathematical discourse, in order to clarify 

meaning in mathematics. He does not want to characterise mathematical knowledge as either 

certain or fallible - it is constantly created in mathematical discourse. 

Marshall (1995, p6ff) explains that for Wittgenstein mathematical words or symbols cannot 

be referential, and nor can they constitute mathematics in themselves because then 

mathematics would be a mechanical game without the need for human agents. He further 

notes that Wittgenstein rejects any form of psychologism because that would imply the 

unimportance of the use of mathematical propositions (Marshall, 1995, p3): 

[Mathematics as mental entities implies that] outer linguistic representations ... may be considered 
incidental, .. or even as potentially ambiguous or misleading. Because we cannot ever be certain 
that linguistic expressions are correct translations of our inner mental constructions, mathematical 
language cannot be trusted. 
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Bloor (1983, pp11ff) extends this argument to mental acts by arguing that is not possible to 

have mental acts separate from language. 

The Grammar of Mathematics 

The analytical philosophical tradition presupposes that the philosophy of mathematics is 

about the status of mathematical theories, independent of their content. It is concerned with 

the post hoc, rational justification of mathematical thought. This debate reduces to an 

argument over beliefs (Davis & Hersch, 1981). The historical and sociological philosophical 

traditions, on the other hand, are concerned with the analysis of the processes by which 

mathematics (or science) are created and make advances. They are not concerned with the 

status of the theories which result. These are not just accounts of what happened as theories 

develop, rather they are accounts of the way the structure of knowledge determines reality 

(Smith, 1982, pp11-20). In science the debate concerns the ways in which experience and 

theory are connected. In mathematics, it is about the basis on which we can claim an increase 

in mathematical knowledge, or the process by which knowledge becomes attached to 

theories. 

Wittgenstein eschewed both these traditions. He was concerned that mathematical philosophy 

should look at how mathematical expressions are used, and at the logic of such expressions, 

not at whether they are "real" or not. When this is done, it becomes clear that mathematical 

expressions are normative statements, not descriptions. Mathematics is neither a description 

of the world, nor a useful science-like theory, it is a system, the statements of which are the 

rules which must be used to make meaning within that system. Thus Wittgenstein says that 

Goldbach's Conjecture is meaningless because of the way it is framed. Although it seems to 

be a meaningful proposition, it is not just because we cannot in principle determine whether it 

is true or false (i.e. it has no proof), so there is no way that we can use it as a statement. This 

means, not that the thought expressed by the conjecture cannot be understood, but that no 

thought has been expressed. Goldbach's Conjecture is, for Wittgenstein, not a question, but a 

stimulus in the construction of new systems. It also acts like an empirical hypothesis in 

prompting empirical-like searches, but this is not grammatically the same as constructing a 

proof. If a proof is constructed then the conjecture alters its position in mathematics (not its 

meaning) (see Shanker, 1987, pp113-4). 

There have been criticisms of Wittgenstein on his lack of understanding of Goldbach's 

Conjecture and other parts of higher mathematics (Klenk, 1976). However, Shanker believes 

the criticisms are based on a lack of understanding of the point Wittgenstein was trying to 

make (see, for example, Shanker, 1987, p220). 
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The grammatical analysis further reveals that sometimes we use mathematical expressions as 

if they were part of familiar syntactical domains, and this is the source of traditional 

philosophical argument. For example, treating '15' as a thing and its divisors as discoveries to 

be made is a Platonist/realist domain; or treating a group as an arbitrary construction which 

could have been otherwise is a constructivist domain. There are different times when either of 

these grammatical similarities seem more appropriate: Penrose's use of the Mandelbrot set to 

argue for Platonism (Penrose, 1989, pp123-127) is a case in point for the former; algebraic 

topology is an example for the latter. However, it is a mistake to thereby argue that one or the 

other is correct. Mathematical syntax has is its own domain to be analysed for its logical 

grammar - it is irrelevant how, or when, it is similar to a Platonist or to a constructivist 

domain. 

Wittgenstein claims that mathematical statements are normative descriptions of how the 

world is seen, of what is meant by being intelligible. Examples (taken from critiques of 

Wittgenstein) of 'intelligible' tribes who divide by zero, or who calculate 132 as 172, or who 

measure differently, are not proper examples because such tribes would not see numbers and 

counting as the same sort of thing or activity as we do, thus they would not be intelligible. 

The only useful example is an 'unintelligible' being who accepts none of the above. This is 

difficult to imagine simply because it is unintelligible. And yet this is the only way to glimpse 

the ultimate contingency of our view of the world. (Shanker's reading of Wittgenstein is 

further elaborated in Section 3.4). 

Numbers and Measurements 

Even in the world of school mathematics it is possible to find examples which indicate the 

idea that mathematical statements are normative descriptions defining meaning. (This 

example, and the following one, are my interpretation and not Shanker's). The first example 

shows how we move between number worlds without acknowledging their differences, and 

thereby see their application as evidence of the universality of mathematics. The second 

example shows how one number world comes to dominate a whole range of activities for 

which it is not necessarily appropriate, and how we explain away the inappropriateness with a 

rationalisation which preserves the impression that we are talking about a reality. 

First, consider the measurement of rectangular areas. We usually regard this as a matter of 

multiplying two numbers representing the length and breadth of the rectangle. Thus an area 

1200 metres by 2500 metres is calculated by multiplying 1200 by 2500 to obtain 3000000 

square metres. 

But these are not numbers in the same way that 11 is the number of players in a cricket team. 

The 1200 and 2500 represent measurements which have errors. In this example they could 
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represent values as high as 1249 and 2549 or as low as 1150 and 2450, giving areas of 

3183701 sq. metres and 2817500 sq. metres, a difference of 366201 sq. metres, or over 12%. 

This is explained away by a theory of errors which distinguishes continuous quantification 

(e.g. measurements of height or weight) from discontinuous quantification (i.e. the 'number' 

of discrete objects). We act as if the same theory of number applies to both domains, and this 

disguises the fact that they are fundamentally different conceptions. The multiplication 

involved in calculating area is different from the multiplication involved in finding out how 

many players in 5 cricket teams. 

Fractions 

The second example concerns manipulation of fractions. It indicates the arbitrariness of the 

number worlds we create. 

It is common to refer to fractions in many different contexts: 

• when marking tests we would write a result of 5 correct out of 8 questions as 
5
8  

• when sharing out land or a pie amongst several people we might say that so-and-so 

received 
5
8  of the thing being shared 

• when discussing heredity we might say that a person is 
5
8  Irish 

• when discussing the weather we might say that there is a 
5
8  chance of rain. 

Now if we wish to add together fractions in each of these contexts the methods for doing so 

would be different: 

• Adding two test marks:  
5
8  + 

7
16  = 

12
24  

• Adding two pieces of pie:  
5
8  + 

7
16  = 

17
16  

• Adding two genes:  
5
8  + 

7
16  = 

17
32  

• Adding two probabilities:  
5
8  + 

7
16  = 

35
128  

Only in the second case is the appropriate method the one which we spent many hours at 

school learning. See the Appendix for a fantasy on this theme. 

These examples highlight the dependence of mathematics on the grammar used when 

mathematical concepts are discussed. The application of systems of meaning is a different 

issue. Some contexts are accurately mapped by some mathematical system, e.g. if we wish to 

add fractions of an apple then there are not alternative conceptions of fraction which apply in 

a sensible way. Wittgenstein's point was that this does not say anything about any 

mathematical reality, and nor does it convey any superior status to the system which has been 

applied. 
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Shanker (1987, p209-210) says that Wittgenstein changed the notion of philosophy from 

elucidating what mathematics was about to elucidating what mathematicians say mathematics 

is about, i.e. clearing up their way of talking, not clearing up what they are talking about. This 

does not mean that we are ignoring what mathematics is about. It means that mathematics is 

not about anything. It is a way of talking. 

Thus Wittgenstein does not avoid the realist/constructivist argument, he claims that it does 

not exist for mathematics. 

Wittgenstein and Ethnomathematics 

Wittgenstein's insistence that mathematics is a way of talking, provides plenty of room for a 

culturally relative view of mathematics: if mathematics is the way mathematicians talk, then 

the cultural influences on that talk (i.e. the 'forms of life': the language of discourse, the 

individual or collective meanings of words and symbols at the time of the talk) create 

different mathematics. If mathematics is a set of normative rules, then they could have been 

different. It makes sense to talk about other rules of grammar, other ways of talking about the 

world. 

This gives ethnomathematics a basis for explaining the development of different 

mathematical positions both through time and across cultures, and evaluating their worth in 

their own context, rather than evaluating their worth against each other. Even if this is a 

strong claim in the light of the fact that Wittgenstein did not address culturally different 

mathematics in any depth, it can at least be claimed that Wittgenstein's approach to the 

philosophy of mathematics dispels any philosophical basis for refusing to consider cultural 

variation. 

Bloor (1983) has a sociological and naturalistic reading of Wittgenstein. The first part of this 

is in agreement with Shanker (but the naturalistic interpretation is not (Shanker, 1987, p271)), 

and Bloor argues that for Wittgenstein "cognition [is] something that is social in its very 

essence" and "... our interactions with one another, and our participation in a social group ... 

[are] constitutive of all that we ever claim by way of knowledge" (Bloor, 1983, p2). 

While this interpretation reinforces the idea of cultural possibilities, it also appears to be 

conventionalist, thus creating philosophical difficulties. For example, Wright (1980) criticises 

Wittgenstein on just this count by showing that such conventionalism does not account for all 

analytic statements, e.g. "something cannot be red and green". Wright notes that the truth of 

this does not flow from any agreed meaning of 'red' and 'green'. But, as Shanker (1987, 

pp280ff) points out, Wittgenstein is not conventionalist in this sense. It is not the case that 

mathematical propositions are tautologies on the basis of conventions which are already in 

place concerning the meaning of each word or the way they are put together. A mathematical 
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proposition is itself a convention which is part of the meaning of each of its terms. To use the 

non-mathematical example above, the statement "something cannot be red and green", is 

itself part of the meaning of red and green, and must be taken together with other statements 

to give the full meaning of 'red' and 'green'. It is not a result of the other statements. Shanker 

(1987, pp288ff) deals with other attacks on conventionalism (e.g. Dummett, 1977) in a 

similar fashion. 

The distinction is important because it is also the key to why this reading of Wittgenstein 

does not fall to the attack that "you cannot base the necessity of a mathematical truth on an 

arbitrary linguistic practice" (Shanker, 1987, p303). Wittgenstein did not think that "2 + 2 = 

4" meant that "here and now, 2 + 2 = 4", but neither did it mean "universally, 2 + 2 = 4". It 

means that "2 + 2 = 4 is a standard of correct counting, it does not make sense to say that 2 + 

2 ≠ 4". 

This does not mean that mathematics is arbitrary, and thereby open the way for mathematical 

anarchy. We are free to construct the grammatical rules of mathematics, but not "blindly or 

capriciously" (Shanker, 1987, p319). The arbitrariness Wittgenstein refers to is its autonomy. 

Grammar (the rules of mathematical propositions), comes before truth, it determines what 

makes sense. The rules cannot be true or false. Neither predetermined meaning, nor reality, 

can be used to justify such rules, therefore they are arbitrary. But (Wittgenstein, 1956, I-166-

7): 

[Mathematics] forms ever new rules ... by extending the network of old ones. But ... can it extend 
the network arbitrarily? Well I could say: a mathematician is always inventing new forms of 
description. Some, stimulated by practical needs, others, from aesthetic needs, and yet others in a 
variety of ways. 

As Marshall (1995) points out "[the objectivity of mathematics] is to be found in human 

practice, in deep forms of human practice, in which options may be deeply submerged and 

not at all obvious, and in the normativity of mathematical propositions" (p8). Any objectivity 

to be ascribed to mathematics is the objectivity of mathematical propositions as rules of 

logical syntax, not the objectivity of mathematical propositions as descriptions. This is 

because the objectivity of mathematical truth rests on the logical exclusion of doubt. This is 

exactly what a normative rule consists in, so it is unintelligible to deny objectivity (Shanker, 

1987, p63 & 71). 

Cultural mathematics' are not arbitrary in the sense that they could be anyhow. They are 

arbitrary in that any culture is free to make its own sense of the world. Mathematics is the 

way it chooses to express that sense. 

What happens when different mathematical systems meet? Wittgenstein's answer is given 

when he says that there are no 'gaps' in mathematics. Each system is complete, it is not 
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waiting to be added to with new mathematics. Thus, (Shanker, 1987, pp329ff), any 

connection between two systems is not in the same space as either of the systems. The 

interconnections are not "somehow there, waiting to be discovered" they are "only there once 

we have created them, and the considerations which guide our decisions may appertain to 

certain aesthetic features or to the uses to which we may put [them]" (Shanker, 1987, p338). 

In other words, we choose whether or not to make connections between systems, and, if we 

do, the connections create a new system. 

What would Shanker's reading of Wittgenstein have to say about gurrutu? It would say that 

gurrutu was another set of normative rules which can be used to make meaning in the Yolngu 

society. It developed in response to practical needs and aesthetic judgements of that society, 

and it sets the meaning of relationships between those people and their world. Gurrutu has 

probably changed over time, and possibly different but similar systems exist amongst other 

people with similar interests and backgrounds. Some aspects of gurrutu may relate to some 

aspects of mathematics, and, if such relationships were found and articulated then a new 

mathematics-gurrutu system would be formed. 

Summing Up 

Both Wittgenstein and Lakatos made radical changes in the nature of philosophy by 

challenging the traditional philosophic questions and setting new tasks. Wittgenstein deflated 

ontology and epistemology by examining the grammar of mathematical statements. Lakatos 

began an new epistemic tradition by focussing on what it is that mathematicians actually do. 

Both refused to take positions which could be reduced to traditional philosophical 

frameworks. 

The sociology and the anthropology of mathematics could not exist within those old 

frameworks, so it is not surprising that they are emerging from this new philosophic era. 

Ethnomathematics also required this new era, but also had particular needs within it. A 

particular reading of Wittgenstein may not have met these needs, but at least it has provided a 

discourse in which they can be sympathetically discussed. 

This philosophy brings the mathematical community into mathematics. It is impossible to 

separate this community, its language, its preconceptions, its values and its experience from 

mathematics itself. In other words the history, sociology and anthropology of mathematics 

becomes explicit. 

It is not the case that there is a universal mathematics which can only be perceived through 

the filter of cultural/linguistic/historical existence. Rather, different mathematics' and their 

formalisations are distinct, although partly shared within and across cultural groups. The 
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shared conceptions do not prove that there is a complete shared mathematical reality to be 

discovered or created. 
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3.4 The Nature of Mathematics 

In order to characterise ethnomathematics - the aim of the following chapter - it is necessary 

to say something about the nature of mathematics. A definition for mathematics is not 

appropriate, (even if it were possible), because part of what ethnomathematical studies try to 

do is to continually change and develop what is commonly understood as mathematics. 

The characterisation of mathematics must meet the following conditions. 

• It should be general enough to encompass most of the uses of 'mathematics' in 

anthropological, sociological, historical, political and ethnomathematical literature. 

• It should be specific enough to be recognised by mathematicians as an accurate rendering 

of their activities. 

• It should remain consistent with the Shanker/Wittgenstein conception of mathematics. 

• It should be expressed in a way that makes clear its ethnocentricity, but that also 

potentially encompasses activities in any culture. 

Following Restivo's conception of 'math worlds', it is appropriate to use the word 

'mathematics' as both singular and plural, depending on context. The plural is indicated by an 

apostrophe when necessary (mathematics'). 

Mathematics can be characterised as follows. 

A mathematics is a system of meaning which relates to quantitative, spacial and relational 
properties. 

A question which arises from this is: properties of what? The answer depends on the beliefs 

or orientation of the person involved. They could be properties of anything: the world, 

concepts, social conventions, etc. 

In this section this characterisation is expanded under headings which have arisen in other 

debates about the nature of mathematics. 

Objects & Processes 

Despite the debates between realists, constructivists, intuitionists, empiricists, fallibilists and 

so on, all these positions rest on an objectification of knowledge, and on establishing a 

foundation for confidence in mathematical knowledge even as it is changing. To take a recent 

example, Resnik (1993, p57): 

To posit mathematical objects is simply to introduce discourse about them and to affirm their 
existence. ... [But] how can positing lead us to knowledge [in the case of mathematical objects] 
and not [in the case of ghosts and phlogiston]? Primarily, truth and existence. Ghosts and 
phlogiston do not exist. Hypotheses that they do are false. Of course, ... positors may lack the 
appropriate justification for their true beliefs. But our ancestors did not lack an appropriate 
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justification for believing mathematical objects exist, and they do exist; so our ancestors' positing 
led them to mathematical knowledge. 

Restivo (1992, pp83-4) regards the objects of mathematics as operations, or activities that 

mathematicians carry out. For example 'x' stands for the result of solving an equation, 'i' 

stands for the (impossible) operation of finding the square root of a negative number, and 

natural numbers can be seen as standing for the operation of counting. 

Wittgenstein, on the other hand, can be read as a denial of the objectivisation of mathematical 

knowledge. A statement that 'a triangle is a 2-dimensional shape with three straight sides' is 

not a statement about an object (a triangle), it is a rule for how to use the word (idea) of a 

triangle. Such statements are grammatically similar to statements about objects, and herein 

lies much of the confusion, because they do not operate that way in mathematical discourse 

(Wittgenstein, 1956, V-5): 

"Whether or not this holds of the surface of a real  sphere - it does hold for the mathematical one" 
- this makes it look as if the special difference between the mathematical and an empirical 
proposition was that, while the truth of the empirical proposition is rough and oscillating, the 
mathematical proposition describes its  object precisely and absolutely. As if, in fact, the 
'mathematical sphere' were a sphere. ... 

"The symbol 'a' stands for an ideal object" is evidently supposed to assert something about the 
meaning, and so about the use, of 'a'. And it means of course that this use is in a certain respect 
similar to that of a sign that has an object, and that it does not stand for any object. 

Where, then, do these ideas which constitute the systems of meaning come from? What are 

the processes by which such systems evolve? Shanker argues that (1987, p338): 

mathematics is indeed a 'free-floating structure', but one which operates on certain regulative 
principles. 

And he indicates that these principles have to do with aesthetic features, the uses to which 

they may be put, and that they preserve the interrelatedness of mathematical truths (Shanker, 

1987, p319): 

The external world is far from being a silent partner in these transactions, however, and it is 
because 'nature makes herself audible in another way' that we are constantly engaged in concept-
revision: in the creation of new forms of representation which prove more useful when applied to 
the 'facts of nature'. 

Neither Wittgenstein, nor Shanker, elaborates on these processes. What follows is the 

beginning of such an elaboration to show that it is possible to describe what mathematicians 

do from this point of view. 

Processes of Mathematical Generation 

The processes of mathematical generation involve moving between and among empirical and 

non-empirical ideas. The exact relationship between these two kinds of ideas can remain 
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unclear, ill-defined and problematical - indeed that is why mathematics is so creative and so 

surprising. It is also why mathematics is at once the epitome of organised structure, and the 

most abstruse flight of imagination possible. 

This does not imply that there are two worlds, an empirical one and an ideal (mathematical) 

one. The mathematical world is not a world, it is just a way of talking. However, when 

considering the construction of this way of talking, it is convenient to imagine an empirical 

world (the world of our experience) as merging into a non-empirical world (a 'math world') 

which gets more ideal as it is more distant from the empirical world. That is, to imagine that 

there is a continuum from experience towards the ever more ideal. Even the empirical world 

is somewhat contradictory and may sometimes be usefully thought of as several worlds. 

The processes of mathematics are conventionally described in terms such as abstraction, 

systematisation, generalisation, application, communication, recording, theorising, defining, 

proving, modelling, investigating, problem-solving. In order to organise these ideas they are 

categorised under two main headings: Abstraction and Re-application. It should be 

recognised that these terms will be adapted to fit the categorisation: this is done consciously 

in order to create new understandings and insights. It is not suggested that this is the way to 

categorise mathematical processes. 

The two categories, abstraction and re-application, are mutually dependent, i.e. neither alone 

adequately characterises mathematics. They work together, both in time (in the mind of 

someone 'doing mathematics'), and in the recording of mathematics (in texts, theorems, and 

proofs). That is, these processes are simultaneous and concurrent. 

Lakatos (1978, p28) speaks of the direction of truth flow when referring to the Euclidean and 

Empiricist philosophical traditions. The processes described under abstraction and re-

application correspond roughly to these traditions, but, in the present context, it is more 

appropriate to talk of a justification-direction rather than a truth-flow. 

There is no need to establish a status for processes beyond saying that they are one way of 

describing what mathematicians do when they say they are doing mathematics. It is not 

claimed that abstraction and re-application fully define mathematics. They may be universal 

in that all mathematical work can be subsumed under their description, but they are not 

universal in the sense that every mathematician will agree that they are the best way to 

describe mathematics. It may well be possible (and more useful) to describe these processes 

in other ways. If and when that happens the resulting description will be no more or less 

correct (although it may be more or less useful). 

In other words, describing processes does not objectify, it just gives us a way of talking about 

mathematics. One effect is to turn mathematics into an adjective: it becomes more sensible to 
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talk about something being mathematical than it does to talk about mathematics as if it has an 

independent existence. 

Abstraction 

Abstraction refers to a process of focussing on one aspect of an idea. This includes naming 

(identifying) that aspect, symbolising it, and defining it (both itself and in relation to other 

ideas). For example length as a measurement is the part of an (empirical) object which is 

characterised by its extension in one dimension. It may be agreed that it be represented by a 

symbol, say, L, and is defined both as 'extension in one direction' and in relation to other 

ideas such as width, height, and area. Freudenthal details a phenomenology of length and its 

properties which describes how this abstraction takes place (Freudenthal, 1983, Chpt 1). 

Length is also generalised as an abstraction of a non-empirical idea when it is defined in 

differential geometry over spaces of any dimension under certain conditions and for certain 

operations. 

Abstraction is a process which moves away from the empirical world. Certain aspects of the 

original idea are lost as others become the focus of attention. Since nothing is entirely 

removed from the empirical world, there are no ideas which are completely abstract. Any 

abstract idea has come through a series of successive abstractions where some particular 

aspect has been focussed upon. Forgetting the origins of ideas is the source of the apparent 

distinction between pure and applied mathematics - see below. The abstractions could have 

been otherwise, and always have their roots in the empirical world. But it is this process 

which gives the illusion of mathematical abstractions as ideal: they are 'taken as ideal' when 

seen in relation to their originating ideas. 

Any mathematical idea can be further abstracted, i.e. one aspect of that idea can be focussed 

upon and more mathematics built upon it. This often happens when several mathematical 

ideas are combined or subsumed under a more general idea. For example when Euclidean 

geometry was studied as a particular geometry within a field of other possible geometries. 

When is an abstraction mathematical and when is it not? For example the abstraction of the 

idea 'red' is not mathematical, but the abstraction of the idea 'length' is mathematical. 

Mathematical abstractions must be based on quantification, space, and/or relational systems. 

More than this: when the abstraction is recognised as an idea which can possibly be 

abstracted from (or re-applied - see later), then it becomes mathematical. In this way 

abstractions which are not initially regarded as mathematical can, subsequently, become 

mathematical. 

For example, consider the theory of knots. Seamen and crocheters have a long history of 

working with knots. There are elaborate names for types of knots (classification), knots which 
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bear similar characteristics (definition), knots which transform into each other (relationships). 

At what point in the development of this field do we wish to attach the adjective 

mathematical to this activity? At what point in the learning or practising of the craft of 

crocheting would we want to call it mathematics? The classification alone, even including the 

collection of knot properties, is not mathematics. Mathematics comes into play when those 

abstractions are used in an independent and creative way or, rather, when they become 

capable of being so used. That is, when the abstractions can be manipulated and related 

independently of the knots themselves. How will we know this can happen? One indication 

will be that the possibility of untieable knots will be able to be discussed. Another is that 

another kind of representation, (different from rope or string or pictures of rope and string), 

can be used to describe knots. A further indication of mathematisation is the description of 

certain relations which are subsequently found to hold with real knots. 

Abstraction is a process which becomes mathematical when it becomes independent of its 

referents. The criteria for identifying this are the existence of the processes of defining, 

systematising (including categorising), theorising (including investigating), symbolising 

(including recording and communicating), and proving. 

Re-application 

Re-application refers to shifting concepts to a new frame of reference. This may be either a 

theoretical frame or a practical one. Re-application involves moving from a more ideal 

position to a less ideal one, or it involves moving around at the level of the original idea. For 

example the concept 'length' may be re-applied at the same level of idealisation from 

Newtonian Theory to space-time in Relativity Theory, or it may be re-applied to a lower level 

of idealisation as a measure of distance on a sphere as a particular case of differential 

geometry. 

Re-application to a new frame of reference implies a shift in defined terms and concepts - in 

Wittgensteinian terms this implies a new system (see Shanker, 1987, pp329ff). This shift is 

one of the sources of inconsistency or contradiction, and thus, also, one of the sources of 

creativity in mathematics. Examples abound in the history of mathematics: Lakatos (1978, 

Chpt 3) describes the Cauchy versus Weierstrauss debate as a shift in the continuum concept; 

Cardano shifted the concept of number so as to reapply it in previously inadmissible 

situations when he used i to find real roots of an equation; and there was another shift in the 

nature of number associated with the development of infinity (Daubin, 1984). 

When is re-application mathematical and when is it not? For example the re-application of 

Maori mat-making techniques to basket-weaving is not mathematical, but the application of 
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knot theory to DNA molecules is mathematical. The critical characteristic of mathematical re-

application is that it must come through an abstraction/modelling stage. 

How will we know that this has happened? One way is that an original concept will have been 

enlarged, not just to encompass the field of application, but so that it links defined concepts 

between fields. Another way is that problems or situations in the field of application can be 

transferred back into the theory, and can be discussed, manipulated or solved within that 

theory. 

Re-application may occur into the original field which generated the abstraction. In particular 

this occurs when the original field undergoes some change (e.g. navigation systems must, if 

they are mathematical, be able to be re-interpreted into an environment which has changed, as 

happened when the star positions changed slowly over time). 

Re-application is a process which becomes mathematical when it originates through an 

abstraction. The criteria for identifying this are the existence of the processes of modelling, 

generalising, problem-solving and adaptive self-application. 

Pure & Applied Mathematics 

One of the debates within the philosophy of mathematics has been the distinction between 

pure mathematics (doing mathematics within the realm of mathematics itself) and applied 

mathematics (relating the world of mathematics to the real world). Körner (1960, p141) 

relates this dichotomy to the exactness of mathematical concepts and the inexactness of 

empirical ones (cf Wittgenstein on spheres quoted above). 

Personal experience suggests that it is difficult to distinguish between doing pure or applied 

mathematics. Mathematicians cannot always distinguish between these types of activity, 

although they may be able to quote instances of each type. A common response is "It's all part 

of the same thing". This suggests that the distinction between, on the one hand, moving 

between the empirical and mathematical worlds, and, on the other hand, working within 

mathematics alone, may be an artificial distinction. Alternatively, Körner and Curry would 

say (Körner, 1960, p110) that the mathematicians are simply mistaken in their feeling that 

they do change the way they do things or the nature of what they are talking about. 

If the pure/applied distinction is a chimera, why is it that philosophers since Plato have tried 

to draw the distinction? One possible explanation is that the Platonist view of mathematical 

reality created the need for a distinction, i.e. the pure/applied argument is a function of the 

philosophical position. If empirical and ideal worlds are conceived as separate, of course we 

must distinguish between working within each of them. 
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Restivo's mathematical worlds, and the Shanker/Wittgenstein conception of creating meaning 

using empirical experience constrained by aesthetics and application, provides another 

picture. Wittgenstein distinguishes very clearly between the empirical world and the system 

of meaning that is mathematics, but they are connected by the mathematician in the formation 

and development of mathematical systems of meaning. Thus, for example, there is a 

difference between a bridge collapsing because of wrong mathematical application (which is 

possible), and the construction of a wrong mathematical system (which is not) (see Shanker, 

1987, pp245-57). 

In this sense, applied mathematics just is the mapping of an existing system to something in 

the empirical world to see how it turns out. But that is a mechanical task. The modelling 

activities of an applied mathematician concern the modification and development of the 

mathematical system in the light of problems in the empirical world. This does not mean that 

objects from the empirical world are brought into the mathematical one, only that they are 

part of the "regulative principles" which guide his invention. In this sense, what most applied 

mathematicians do is actually mathematics. The discussion above concerning the 

characterisation of processes as mathematical, refers to this distinction as between working 

only in the empirical world (which is not mathematics), and working amongst the different 

levels of abstraction (which is mathematics). 

The problems caused by attempting to map mathematical systems onto the empirical world 

are the inspiration for much mathematics. Examples include: modelling events with 

theoretical statistical distributions; modelling decision-making with fuzzy sets; modelling 

social realities with catastrophe theory; and modelling liquid flow with chaos theory. But all 

of these are mathematics, because the results are changed theories. The application is only the 

use of the theories in predicting events in the empirical world. 

It is possible to describe the process of modifying mathematical concepts to be more useful 

empirically as 'sharpening concepts' (as does Körner, 1960, p110), but that does not 

necessarily imply jumping between two worlds or types of concept. The concepts are always 

mathematical, there is no direct link with something in the empirical world. For example, 

Natural numbers are quite sharp in the sense that we think we know what they refer to in our 

experience, Rationals are less sharp, Reals are even less sharp, and Transcendentals are least 

sharp of all. But none of these are directly connected with the empirical world. 

In sharpening concepts the mathematician gains generality but loses some particular 

characteristics of the situation being formalised. It may turn out that some of these 

characteristics are important, so it is necessary to be able to redefine the concept. For 

example, the mathematical concept of Natural numbers lost the characteristic of the 
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possibility of the absence of objects. Integers retained this characteristic, and were therefore 

more suitable for use as modelling money transactions. 

Theorems and Proof 

Joseph (1994) and Berrgren (1990) have challenged the idea that theorems and proof are 

fundamental to mathematical activity. In order to resolve this (and similar) challenges, it is 

necessary to examine the role that theorems and proof play, and then to ask whether other 

activities can play the same role. 

Shanker (1987, pp75ff) credits Wittgenstein as the first to propose a philosophical 

investigation into the idea of proof, "not whether any particular [type] of proof should be 

admitted as a bona fide method of reasoning, but simply, what we mean when we say that this 

figure is a proof of this proposition. 

Wittgenstein repeatedly stated that the idea of a proof was variable (Shanker, 1987, p45): 

One could say "proof" has as many different meanings as there are proofs. All the proofs form a 
family, and the word "proof" does not refer to any one characteristic of those processes called 
proofs. 

Each new proof in mathematics widens the meaning of "proof". 

There is no predeterminate set of syntactic or semantic conditions which an argument must satisfy 
in order to qualify as a proof. 

For Wittgenstein a theorem (a mathematical proposition) just is a mathematical expression 

with a proof (Shanker, 1987, p53): 

A ... mathematical proposition is internally  tied to its proof: we cannot even speak of the 
existence of a mathematical proposition in the absence of a proof. 

The purpose of this argument is ... to bring out the point that a mathematical proof is a 
grammatical construction, and thus a mathematical proposition [theorem] is a grammatical 
convention. ... It makes no sense to speak of producing a proof as evidence of the truth of a 
mathematical proposition, ... for the proof determines [its meaning]. 

In other words, a proof which extends existing (or creates new) systems "would have to be a 

grammatical construction in which the rules for such a combination of concepts were laid 

down, thereby rendering it intelligible ... [i.e.] the production of a new grammatical structure 

which creates the rules for the use of the expression" (Shanker, 1987, p294). 

There is a difference of category between mathematical propositions and empirical ones (and 

between proofs and verifications). This is the difference between constructing rules of logical 

syntax (what it means to be logical), and describing reality. 
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Thus, it could be said that a proof is implied whenever a mathematical proposition is used as 

a rule for a paradigm. Shanker (1987, pp78ff) discusses what Wittgenstein would mean to 

credit, say, ancient Egyptians with a knowledge of mathematics. The answer is not based on 

evidence that the Egyptians had a means to obtain an approximation to π in order to calculate 

the area of a circle, rather it is based on evidence that the Egyptians had a rule to describe 

their paradigm for how to measure a circle, that is, that they had a means for deciding whether 

someone calculated the area of a circle intelligibly. 

Wittgenstein also distinguished between two kinds of proof: those which operate within an 

existing system, and those which serve to establish a new system (Shanker, 1987, p83). The 

first is like "doing a piece of homework", and it is possible to have multiple proofs although 

they "may be translated into one another, and to that extent are the same proof" (Rees, 1975, 

§153). That is the same rules are being applied. 

But proofs which create a new system are more difficult (Rees, 1975, §151): 

The difficult mathematical problems are those for whose solution we don't yet possess a written 
system. The mathematician who is looking for a solution then has a system in some sort of psychic 
symbolism, in images, "in his head", and endeavours to get it down on paper. Once that's done, the 
rest is easy. 

In this case it is not possible to have two proofs, because that amounts to two different ways 

of being intelligible, two different ways of knowing. 

Thus, under this conception of mathematics, a proof in the Greek sense of deductive inference 

from explicit axioms is not crucial to mathematics. But what is crucial is evidence that there 

are systems of meaning with explicitly stated 'rules of grammar' which establish what is 

intelligible in that system. Under this conception, Joseph and Berrgren seem to have a case 

for different ways of mathematical knowing. And it is possible that gurrutu is also 

mathematics. 

Mathematical Creativity 

Mathematical creativity has already been mentioned in the above discussion, but some further 

points are worth noting. 

Tony Gardiner, (Birmingham University), first brought to my attention a metaphor which 

described two aspects of mathematical activity. He likened doing mathematics to prospecting, 

and pointed out that there are two sorts of prospecting: in the first the prospector knows that 

gold is around (from previous knowledge) and goes out to seek the most lucrative area in 

terms of how much gold there is and how available it is; in the second the prospector, (using 

intuition, some geological knowledge, and luck), explores a wider country to find whether 

gold is there at all. Mathematics also has these two aspects: some mathematicians work 
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within a defined field using mostly given techniques to obtain the best results they can; others 

range generally over a wide field using information from many areas, their intuition and luck 

to seek out new areas of mathematics. Of course, most mathematicians work in both these 

ways, and sometimes it is not easy to distinguish which until after the work is done. 

This metaphor can be compared with the two types of mathematical proposition (and proof) 

described above. The mathematician who is prospecting in a known gold-bearing area, is 

working within a mathematical system of meaning, one who is searching for gold in 

uncharted territory, is trying to create a new system. The demarcation can be blurred because 

it is often possible to make what appear to be mathematical propositions, but not to be able to 

prove them (pseudo-propositions). Goldbach's Conjecture is an example, so is Fermat's Last 

Theorem, and The Four-Colour Theorem (see Shanker, 1987, Chpt 4). The resolution of these 

- possibly now achieved in the case of Fermat's Last Theorem - involves a new grammatical 

system (or at least a new rule within an existing system), i.e. a new mathematics. This is 

evidenced in the case of Fermat's Last Theorem by the debate over the proof, a debate 

centring around transformations of one branch of mathematics into another. 

The mathematicians described above (the miner and the explorer) are both creating new 

mathematics. This is easy to see in the case of the creator of a new system, but it is also true 

for the mathematician working within a system (Shanker, 1987, p109): 

The relationship between the axioms and the propositions of a system is reciprocal, not one-sided: 
the meanings of the concepts which are implicitly defined by the axioms are altered by each new 
rule extending their use. It is the totality of rules governing their use in the system - and not just 
the axioms - which constitutes the meaning of the primitive concepts. 

Furthermore (Shanker, 1987, p110): 

The axioms of a system do not implicitly contain  or predetermine  which rules can be 
constructed. ... The only constraint operating here is that which we impose on the issue of what 
counts as developing the family system ... as opposed to what constitutes passing outside the 
boundaries of the family system. 

Another point about creativity is that both types of mathematical prospecting involve 

performing abstractions and re-applications as characterised above. The introspective 

processes (defining, categorising, symbolising, modelling and proving) are those most used 

when prospecting known territory, or working within a system. The extroverted processes 

(generalising, problem-solving, adapting, and theorising) are those most used when exploring 

new territory, or constructing new systems. 

And finally, in both cases it can be seen that provisional notions enter mathematics, i.e. the 

sense of "it could have been otherwise". Once a particular definition, categorisation, symbol 

system or model is set in place then one is fixed into a particular way of seeing the subject 

matter. If another definition, etc, had been chosen then different results may have emerged.  
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Having examined existing literature (and identified some problems to resolve); having 

reviewed related fields (and identified some contributing theories); having searched for (and 

found) a supportive philosophical base; and having characterised mathematics itself, it is now 

possible to move forward and try to characterise the concept of ethnomathematics. This is the 

subject of the next chapter. 
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4 Ethnomathematics 

In this chapter a definition of ethnomathematics is presented. The definition has roots in 

various definitions given by earlier writers and presented in Chapter 1, but it is stated so that 

it overcomes the confusion regarding the use of the word ethnomathematics and resolves the 

problem of its relationship to mathematics (see Section 1.5). The definition takes account of 

the anthropological and sociological positions elaborated in Chapter 2, and is based upon a 

conception of mathematics described in Chapter 3. 

In the first section of this chapter, the definition of ethnomathematics is stated. This involves 

defining some other terms, relating ethnomathematics to mathematics itself, and explaining 

its dependence on culture. In Section 4.2 there is an analysis of the activities and the subject-

matter of ethnomathematics, which includes relating the definition back to previous writings. 

In the last section there is a description of the mechanisms of interaction among mathematics 

and ethnomathematical ideas. 

Following this analysis of the concept of ethnomathematics, Chapter 5 describes four 

examples which illustrate the definition given here. The subsequent chapter examines the 

consequences of this view of ethnomathematics for mathematics and for mathematics 

education. 
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4.1 A Definition 

What is Ethnomathematics? 

Ethnomathematics is a field of study. The object of this field is to reveal structures of 

analysis. Ethnomathematics achieves this by investigating the mathematical activities of 

particular cultural groups, and hence their mathematical concepts. (In what follows 'structure' 

refers to an organisation of ideas or concepts. 'Idea' and 'concept' are used interchangeably. A 

concept (or idea) does not have any kind of existence separate from its use in mathematical 

activity - see below 'Practices' & 'Concepts'. A structure may itself be a concept). 

Ethnomathematics is not the mathematics of particular cultural groups, because mathematics 

is not a collection of separate pieces of mathematics, each contributed by a different group. It 

is not possible to point to a particular structure and say: "This is an example of 

ethnomathematics". Ethnomathematics is the field of study which examines mathematical 

ideas in their cultural context, i.e. within the context of any group within which the ideas 

arise. 

Ethnomathematics involves challenging existing abstractions or conceptions of mathematics. 

When an alternative structure has been identified, it is possible to describe its origins as 

'ethnomathematical'. (Note that it is not the structure which is ethnomathematical, it is the 

origins of that structure within the practices of the group). Such a description does not make 

that structure any more culturally important than any other part of mathematics - it refers only 

to the process by which the alternative structure was identified, i.e. as a result of 

ethnomathematics. (For a detailed discussion of the activities which make up 

ethnomathematics, see Section 4.2). 

So a definition of ethnomathematics must be a definition of a field of study, not a definition 

of a piece of mathematics or mathematical practice. From this definition, the term 

'ethnomathematical' may be used to mean 'resulting from work in the field ethnomathematics'. 

In particular this will describe the cultural origins of concepts and practices within 

mathematics. 

A Definition for Ethnomathematics 

Building on D'Ambrosio's (1992) and Gerdes' (1994a) concept of a research programme, and 

Ascher's (1991) use of 'mathematical ideas' (see Section 1.3), the following definition is 

presented. 

Ethnomathematics is the field of study which examines the way people from 
other cultures understand, articulate and use concepts and practices which are 
from their culture and which the researcher describes as mathematical. 
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This definition is closest to that of Ascher (1991), although, under this definition, her title "A 

Multicultural View of Mathematical Ideas" becomes "A Mathematical View of Multicultural 

Ideas". 

The statement of the definition requires three forms of elaboration. First it is necessary to 

define the terms used, and then to explain any implications of the definition. The third 

elaboration, in the next section, shows that the definition is productive in its characterisation 

of ethnomathematics. 

Defining Terms 

In this section, the idea of a 'field of study' is elaborated as an academic field of study and the 

word 'mathematical' is used to distinguish some activities, ideas or structures from those 

which are part of mathematics. The people referred to in the definition ('the researcher' and 

those 'from other cultures') require an explanation of the term 'culture'. Finally 'concepts and 

practices' are given a wide and inclusive meaning. 

What is a 'Field of Study' ? 

Ethnomathematics is a field of study in the sense of an academic subject-area. This means 

that it encompasses a variety of activities (see Section 4.2: Ethnomathematical Activities) 

about a variety of topics (see Section 4.2: Three Dimensions of Classification) which may 

overlap with other subject-areas (for example, with the history of mathematics). These 

activities (of the ethnomathematician) are not to be confused with the subject of 

ethnomathematical study, i.e. the mathematical activities of a particular group of people. 

Field of study in this sense also means that particular work may be included in the study 

which was not originally conceived as ethnomathematics. This may be because such work 

was done prior to the acceptance of a subject-area named ethnomathematics (e.g. Zaslavsky's 

(1976) initial work on African mathematical activities), or because it was done under the 

rubric of a related subject-area, (e.g. anthropology in Ascher & Ascher's (1981) work on the 

quipu). 

While an academic subject-area brings to mind university-level research activity, 

ethnomathematics is not restricted to that. It includes work by children exploring the 

mathematical ideas of other groups (possibly other groups of children). This may take place 

in the mathematics classroom, or in other contexts. 

However the study of ethnomathematics does imply a consciousness of mathematics as a 

knowledge category by the person undertaking it, and the identification of another cultural 

group of some kind. Furthermore there will usually be a recognition that the other group 
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either has an alternative category which they call mathematics, or has alternative categories 

instead of mathematics. 

The study of ethnomathematics also implies a purpose beyond mere curiosity, although this 

may be an initial orientation to the work. Curiosity might lead us to find out facts about an 

Inca quipu, but it might not lead us to investigate the way it was used as part of a systematic 

conception of communicating data. Such an investigation involves hypothesising and seeking 

justification for hypotheses, imagination and an openness to new ways of thinking, and 

articulating ideas in one's own culture as part of the interpretive process. Purposeless curiosity 

usually stops short of such creative acts. 

The purpose of ethnomathematical study, generally stated, is to gain another perspective on 

mathematics, and possibly to add to that subject. An additional purpose might be to explore 

the nature of cultural difference for social or political purposes. Both these aims require the 

consciousness described above. 

Mathematics, 'mathematical' & 'Mathematical' 

The word 'mathematical' is used to distinguish particular concepts and practices from others 

which are distinctly part of mathematics. Thus, it is first necessary to be clear about what 

'mathematics' means. 

Mathematics refers to that subject area (including both content and processes) which is so 

identified in the educational institutions which have such a category. Thus mathematics is that 

which those people who call themselves mathematicians do, when they are engaged in their 

work. Mathematics with this meaning is similar to that referred to as 'learned mathematics', or 

'school mathematics', or 'world-mathematics' or 'Mathematics' (capitalised), (D'Ambrosio, 

1984; Carraher et al, 1985; Gerdes, 1988b; and Bishop, 1988, p19; respectively). It is not, in 

fact, universal, but it is extremely widespread in the schools and universities of the world. As 

a subject area it is often regarded as a European development over the last millennium, with 

origins in Greek, Hindu and the Islamic Empire of the 5th-10th centuries. The extent of its 

development in Islamic and Eastern cultures both prior to those times and more recently is 

now being recognised (Joseph, 1992). Whatever its history, at the present time universities in, 

say, Japan, Zimbabwe, Egypt, India, France and USA, do agree to a considerable extent on 

what is to be included in the subject mathematics. 

From this point on, in order to distinguish ideas which are within mathematics from those 

which are associated with it, the terms 'Mathematical' and 'mathematical' are used. 

'Mathematical' (capitalised) refers to practices, ideas, structures which are part of 

mathematics (i.e. which are part of Mathematics in Bishop's sense above); 'mathematical' 

(lower case) refers to those practices, ideas, structures which are identified (by those who 
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have some understanding of what mathematics is), as being different from, but related in 

some way to, mathematics. The relationship may be identified because an idea parallels some 

aspect of mathematics in its structure or symbolism (e.g. kinship systems which can be seen 

as group structures), or because an idea is linked to other ideas which are regarded as 

mathematics (e.g. navigation practices are linked to trigonometry and spherical geometry). 

Something which is mathematical is not identified as mathematics because it has not (yet) 

been accepted by mathematicians as part of their subject (e.g. the traditional Konisberg bridge 

problem was a recreational puzzle for centuries before becoming part of mathematics as 

network theory), or because it is inextricably linked to other concepts which are clearly 

identified as not mathematics (e.g. kowhaiwhai designs in Maori art may be analysed 

mathematically (Knight, 1984), but will always be linked to Maori design and its embedded 

cultural symbolism). 

The terms 'mathematics', 'Mathematical' and 'mathematical' have different referents 

depending upon who is using them, and according to the situation being discussed. However 

they are not ambiguous in that there is sufficient shared meaning for mutual understanding. 

(The problem is usually the opposite: different uses of the terms are assumed to be the same). 

For example, some mathematicians disagree on what is legitimately mathematics. Indeed, a 

constructivist mathematician (in the sense of Brouwer) has a definition which excludes much 

of what is commonly included in mathematics. In this case the definition of 

ethnomathematics can be applied to the study of these differences, and it could be done from 

either point of view: that of the traditional mathematician, or that of the constructivist 

mathematician. The definition would be usable in both cases, and each mathematician would 

understand and accept the other's use of the term although its referents would be different. 

A similar situation could occur within one culture in which mathematics was an accepted 

category, but where two people had different levels of sophistication in their understanding of 

mathematics. The nature of ethnomathematics would depend on who was doing the study, 

since the meaning of mathematics to be used is that of the person involved in the activity. The 

important point is that the researcher does have an understanding of mathematics. Whether 

what they do in the name of ethnomathematics is accepted by others will depend to some 

extent on the acceptability of the researcher's understanding of mathematics. 

Who is the 'Researcher' and who are 'People from other cultures'? 

It will be clear from the above, that the 'researcher' used in the definition is a person who has 

a particular understanding of mathematics. They may be a mathematician (mathematicians 

are taken to be a self-defined group), but may also be someone who has experienced 

mathematics as a category in their own education. 
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When a different ethnic culture is involved, the researcher will be from a culture which 

contains the category mathematics (and which will therefore contain mathematicians). (The 

other culture may also contain mathematics - see below). 

The use of the term 'culture' in the definition is a very loose one. It is that used by 

D'Ambrosio, who refers to a group of people who have (D'Ambrosio, 1984a): 

developed practices, knowledge, and, in particular, jargons and codes, which clearly encompass 
the way they mathematise, that is the way they count, measure, relate and classify, and the way 
they infer. 

Such a group may be an ethnic group, a national group, an historical group, or a social group 

within a wider culture. The term 'culture' specifically refers to an identifiable shared set of 

communications, understandings and practices, some of which are identified as mathematical 

by the researcher. It is not necessary to the definition of ethnomathematics that this set is 

exactly describable, nor that it is exclusive (i.e. the shared set may be shared in part with 

other groups). 

There is some apparent circularity in D'Ambrosio's definition because it uses the term 

'mathematise', i.e. culture is defined using mathematics, mathematics is being analysed using 

ethnomathematics, and ethnomathematics depends on an understanding of culture. However 

'mathematise' is elaborated in the definition in a way which distinguishes it from Mathematics 

(the academic subject). The elaboration uses activities which Bishop (1988a) describes as 

universal and pre-mathematical: it is not, therefore, necessary that mathematics is a universal 

and recognised part of every culture. 

Having established the researcher of the definition, it is possible to describe who 'people from 

other cultures' refers to. It is a group of people who do not understand mathematics in the 

same way as the researcher. This may be a different cultural group, it may be an historical 

group (which may be multi-national, or multi-ethnic), or it may be a different social group 

within one national or ethnic culture, e.g. carpenters or sports people. It is quite possible that 

this group of other people will have an understanding of mathematics, even an understanding 

quite similar to that of the researcher. Given the current spread of mathematics as a subject 

world-wide, any contemporary ethnomathematical study probably does involve a group who 

also have an understanding of mathematics 

'Practices' & 'Concepts' 

The practices and concepts referred to in the definition belong to the people from another 

cultural group. Both terms are used in a wide and inclusive sense to include any activities or 

ideas common among that group which may be labelled mathematical by the researchers. 
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The practices refer to those things people from another culture actually do in some habitual 

sense. There needs to be some repetition of the activity, some uniformity across the cultural 

group, and some group acknowledgment of the activity as an identifiable entity. The practice 

should be generally recognisable, and able to be discussed, both within and outside the group. 

It is recognised that others' concepts may not be accessible in true form to those doing the 

study. Indeed, attempting to understand these different concepts is exactly what 

ethnomathematics is about. However there is a presumption that there are, in the other 

culture, ways of perceiving, ways of communicating, and ways of recording. These practices 

embody concepts (or ideas) which are part of the language of communication. It is necessary 

that these concepts are identifiable by those within the culture and there should be general 

(not necessarily exact) agreement about what is included and what is excluded from the 

concept. Ethnomathematics presupposes the ability to communicate (to some extent) about 

the concepts across the cultures. 

The idea of mathematical concepts assumes levels of abstraction, and therefore a structure 

within which these concepts are used. By structure is meant a concept or idea which is used to 

talk about other concepts. For example, in the analysis of pattern, a conventional abstraction 

is to consider the symmetry of the pattern, i.e. to focus on the way in which the pattern is built 

up symmetrically from like elements. In Section 5.1 this abstraction will be challenged by an 

alternative abstraction taken from the weaving culture, where patterns are analysed on the 

basis of the strands used in the weaving. This alternative analysis gives rise to different 

results, results which cut across those of an analysis based on symmetry. In this example the 

structure is symmetry, on the one hand, and strand set-up on the other. Both symmetry and 

strand set-up are ideas which are used to look down upon pattern. 

An example from within conventional mathematics is the Greek conception of number as a 

geometric length, compared with the Arabic conception of number as a solution to an 

equation. Both conceptions are used to look down on particular numbers. When used this way 

they lead to different categorisations of what is acceptable as a number: e.g. -3 and i. 

Implications of the Definition 

Having defined the terms of the definition more carefully, it is possible to examine its 

implications: 

Ethnomathematics is the field of study which examines the way people from other 
cultures understand, articulate and use concepts and practices which are from their 
culture and which the researcher describes as mathematical. 

There are four aspects of the definition to note: 
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a) ethnomathematics is not a Mathematical field of study, it is more like anthropology or 

history; 

b) the definition itself depends on who is stating it, and it is culturally specific; 

c) the field of study which it describes is culturally specific; and 

d) ethnomathematics implies some form of conceptual relativism. 

In examining these four points in detail, it will be helpful to consider two situations in order 

to provide specific illustrations of general points. The first situation is the use of the quipu in 

ancient Inca society. This systematic, numerical form of record-keeping using knotted cords 

is detailed in Ascher and Ascher (1981), and is a good example of a mathematical system 

which existed in another culture, and which has no equivalent in contemporary mathematics. 

The other situation is that of a grocery-shopper making economical purchases. It is not so 

easy to distinguish a mathematical system separate from that which others in the shopper's 

culture would call mathematics. And yet there are conceptions and practices which are 

particular to the shopper, e.g. their use of proportion, and their logical strategies. These could 

legitimately be studied within ethnomathematics (Capon & Kuhn, 1975; Lave et al, 1984; 

Lave, 1988; Murtaugh, 1985). 

In the first situation, the distinctions required by the definition are clearly visible because the 

cultural group is separated ethnically, nationally, socially, and historically from contemporary 

Western culture. In the second, the distinctions are not be so easily seen because shoppers are 

part of our culture. 

Ethnomathematics is not Mathematics 

As defined above, ethnomathematics does not consist of the mathematical ideas of other 

cultures, nor is it the representation of these ideas within mathematics. These constructs may 

be part of the study of ethnomathematics, but they are not the essence of it. Rather, 

ethnomathematicians attempt to describe and understand the ways in which ideas which the 

researcher calls mathematical are understood, articulated and used by other people who do 

not share the same conception 'mathematics'. Researchers attempt to describe what they see as 

the mathematical world as others see it: the focus is on the perception, not on the 

mathematics. Thus, as with anthropology, one of the difficulties of the ethnomathematician is 

to describe another person's world with one's own codes, language and concepts. 

In this respect, ethnomathematics is more like the history of mathematics than it is like 

mathematics. A history of mathematics will contain a good deal of mathematics, and is 

probably best written by somebody who understands mathematics as a field of study. But the 
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history of mathematics is primarily about the way mathematics originated and developed, e.g. 

it considers questions like: who thought up quaternions, what problem were they wrestling 

with when that happened, and what new problems then arose? It is not about the 

Mathematical ideas themselves, i.e. it is not about the Mathematical relationship of 

quaternions to complex numbers. Similarly, ethnomathematics will contain Mathematical 

descriptions, and it will need to be written by somebody who has an understanding of 

mathematics as it is expressed in their culture. But, ultimately, it is not about those ideas, but 

about the way related ideas are conceived by people from another culture. 

There are certain areas where ethnomathematics and the history of mathematics overlap. 

There is a considerable literature about mathematical ideas from past cultures. Describing 

these ideas, and determining their relationship to those cultures, is an important part of 

understanding the M/mathematical ideas of the present - both those ideas regarded as part of 

mathematics, and those ideas which are retained in cultural form. But ethnomathematics and 

the history of mathematics are not the same: ethnomathematics tries to uncover how these 

ideas were perceived at the time, and relates them to present cultural activities; the history of 

mathematics tries to uncover how these ideas developed Mathematically, what influenced 

those developments, and how they have evolved into mathematics, i.e. it is a history of ideas 

(see Section 2.3). 

Ethnomathematics does, however, create a bridge between mathematics and the ideas (and 

practices) of other cultures. Part of an ethnomathematical study will elucidate why those 

cultural ideas are regarded as mathematical, and therefore why they might be of interest to 

mathematicians. Such a study creates the possibility both for mathematics to provide a new 

perspective on the concepts or practices for those within the other culture, and for 

mathematicians to gain a new perspective (and possibly new material) for their own subject. 

Take the examples of the two situations described above. A study of the Inca quipu is not 

mathematics, although it may consist in describing the quipu system in numerical form, and 

the system may give rise to numerical systems not before considered within mathematics. The 

quipu also represents a non-standard application of numerical systems. 

An ethnomathematical study of shopping by mathematicians is unlikely to lead to new 

mathematics, but it may provide a novel point of view on some proportional concepts, and a 

demonstration of some proportional reasoning in a practical form. Other proportional 

relations may be empirically embedded in shopping techniques, although the generalised 

relations may not be recognised as such to shoppers themselves. Uncovering these relations, 

and discovering the extent and form of their cognisance by shoppers would be part of 

ethnomathematics, but is not, in itself, mathematics. On the other hand, an ethnomathematical 
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study performed in conjunction with shoppers, could result in new perspectives on shopping 

and, possibly, new techniques which may, or may not, prove practical. 

The Definition is Culturally Specific 

The definition of ethnomathematics is, itself, culturally specific: it is written from the point of 

view of a culture or social group which has a conceptual category named 'mathematics', 

hereinafter referred to as a 'mathematical culture'. 

One of the problems with writings on ethnomathematics is that they have tried to be universal 

in the scope of their definitions. Ethnomathematics may be universally understood (assuming 

a common language or adequate translation), but it cannot be a universal practice. This 

definition proscribes those people who could do ethnomathematics to those who have a 

knowledge category mathematics, although anyone can potentially understand what the study 

is about. This definition does, however, allow that different people may do different things 

and still be doing ethnomathematics. 

Any definition which is universal in scope is a denial of the intent of the ethnomathematician 

with respect to mathematics. Part of the purpose of ethnomathematics is to challenge the 

universal nature of mathematics, to expose different mathematical conceptions, and to 

describe the culturally specific origins of the subject. If this is successful, then 

ethnomathematics itself is specific to the particular concept of mathematics being used. Thus 

a universal definition is not possible. 

A definition for ethnomathematics must, itself, be culturally specific because it is based on a 

cultural knowledge category, namely 'mathematics'. It would not be possible to write the 

definition in a language which did not have a word for 'mathematics'. Ethnomathematics 

focuses on those concepts and practices which can be labelled mathematical. This does not 

mean that they are, in fact, mathematical, just that someone from the viewing culture would 

want to call them that. As mentioned above, the category 'mathematical' includes practices or 

concepts which have some loosely defined characteristics which are recognised as also 

characteristics of some part of mathematics. For example they may be numerical, or have to 

do with analysis of shapes, or involve measurement. However such practices/concepts would 

have to be modified (e.g. stripped of context, or recodified) to be included as part of 

mathematics. This would be an act of appropriation, since the resulting mathematics may bear 

little resemblance to the way that practice/concept exists in its original culture. (See Section 

4.3 Mechanisms of Interaction). 

Any mathematics resulting from this process may be valid as mathematics, but it no longer 

remains valid as a concept or practice of its originating culture. This implies that it does not 

make sense to speak of, for example, 'Maori mathematics', or 'carpenters' mathematics', unless 
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the group concerned develops a category called mathematics for themselves. Maori (or 

carpenters) may, however, have a distinctive way of learning or practising mathematics. Thus 

it could make sense to refer to 'Maori mathematics education' or 'carpenter mathematicians' 

and mean something distinctive. 

Since the category mathematics is not common to all cultures, then the concept 

ethnomathematics is not reflexive. In other words, cultures without a category mathematics 

cannot, under this definition, have an activity called ethnomathematics. This is not necessarily 

a lack. Such a culture will have other knowledge categories, and may therefore have people 

who were interested in the practices and conceptions of people from other cultures (e.g. 

Europeans), which they would classify in this category. 

As an example, 'whakapapa' is an important cultural concept amongst the Maori, involving 

complex relationships, conventions and symbolic metaphor. Furthermore, it is available as a 

concept in areas outside its main focus of genealogy. There may be Maori who are interested 

in studying those parts of New Zealand culture which they would include in the concept 

'whakapapa'. The collection of practices and concepts which would be included in such a 

study would not be identifiable as a European knowledge category. It would include 

genealogy, but would not coincide exactly with that area of knowledge. 

As a final illustration of the cultural specificity of the definition of ethnomathematics, 

consider the two situations described above. The Incas did not have a category mathematics, 

and they did not survive long enough to meet other cultures which did have mathematics. It is 

reasonable to assume, however, that the Incas did discuss ideas and conceived of knowledge 

categories of other cultures, thus the definition of ethnomathematics might be understandable 

in general terms, even though the referent for 'mathematics' was not. Furthermore, they did 

have a set of concepts and practices involving the quipu which we can now describe as 

mathematical. These practices can be articulated within mathematics, and this sheds light 

both on their practice, and on the range of applicability of some areas of present day 

mathematics. 

Modern day shoppers do, it can be assumed, have an understanding of the category 

mathematics, although this understanding may not be the same as that of mathematicians. 

Therefore shoppers could understand the definition of ethnomathematics, and, should they 

wish to, could conduct an ethnomathematical study. The acceptance of this study would 

depend partly on the acceptability of their understanding of mathematics. But if they 

conducted a study of their own practices as mathematics, then that study would at least have 

an authenticity which could not be obtained by a non-mathematician. Such a study would be 

different from an ethnomathematical study of shoppers' practices done by a mathematician. 

This latter study may not be very authentic as a study of shopping. 
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The Practice is Culturally Specific 

Not only is the definition of ethnomathematics made in the terms of a specific culture, but its 

practice must also be culturally specific. 

Studying the way another culture perceives particular practices and concepts can only be an 

interpretive exercise from one culture to another. Such an activity must use the form of 

discourse of the interpreter. In particular the ethnomathematician will be using the concepts 

of mathematics, since it was their perception of the mathematical aspects of the particular 

practice in the other culture which alerted them to that practice as a potentially worthwhile 

field of study. 

Consider, for example, the various work on Australian Aboriginal kin relations (Ascher, 

1991; Cooke, 1990, 1995). After describing the Warlpiri systems, Ascher uses the 

symbolisms and concepts of group algebra to elucidate the Mathematical component of kin 

relations. It was this Mathematical component which made the topic of interest in the first 

place. Cooke, although being a linguist not a mathematician, nevertheless recognises the 

Mathematical features of gurrutu (the Yolgnu kinship system) from his acknowledged 

Western scientific traditions (Cooke, 1990, p3). Gerdes does the same with an analysis of 

Tshokwe sand drawings, using arithmetic function concepts and notation (e.g. greatest 

common divisors) (Gerdes, 1988b), and matrix representation (Gerdes, 1990). 

Neither Ascher nor Cooke nor Gerdes had any alternative in this work but to use 

Mathematical concepts of some kind. Even if they, (and their readers), do have access to the 

appropriate Walpiri, Yolgnu or Tshokwe concepts for describing these practices, such 

concepts would not have been Mathematical. It is exactly the aspects related to mathematics 

which they wished to illuminate, to justify the whole practice as mathematical, and therefore 

part of an ethnomathematical study. 

This interpretive process uses the discourse of mathematics, and ethnomathematics can be 

seen as part of mathematics in this respect. It includes a dialogue between the ideas (or 

applications of the ideas) of another culture and the conventional concepts of mathematics 

(see Section 3.4). This may lead both to new areas of application for mathematics (see 

suggestions in Gerdes, 1990, p34), and to new mathematics through the adaptation of new 

ideas (see Barton, 1995a), i.e. ethnomathematics can generate new mathematics (see also 

Section 6.1). 

Although the ethnomathematician comes from a culture which includes mathematics, this 

does not mean that the dialogue is completely biased towards that culture. If the practice of 

ethnomathematics is carried out with integrity, there will be cognisance of those aspects of 

the practices and concepts which are other-culture based and which may not, initially, be 

  

206 



  Ethnomathematics 

considered mathematical. It is possible that some of these aspects will become incorporated 

into the Mathematical description and analysis of the practices, or will, at least, have some 

influence on them. Furthermore, if the focus of the study is contemporary, there are likely to 

be members of the other culture or group who are interested in the dialogue, and who will be 

re-interpreting (in terms of their culture) the Mathematical activities of the 

ethnomathematician. These people, and the ethnomathematicians, will be able to understand 

each other, and will be able to understand sufficiently what each other is saying to be able to 

talk about it. In this talking, further differences may be exposed. Through these individuals, 

each culture is likely to come to some increased understanding of the points of view (of the 

knowledge categories) of the other. This is part of a process of cultural interaction, and, in 

today's world, the two groups are likely to already share some values, knowledge and 

symbolisms.  

Thus the study of ethnomathematics involves the social construction of knowledge at a 

cultural level (see Section 2.2 Anthropological Perspectives on Mathematics Education, and 

Cobb, 1994b). Although the definition describes a field of study of an individual, in carrying 

out this study there is an interaction between the socio-cultural ideas held by the researcher 

with those of the other culture. 

It should be noted that this is part of the creative process of ethnomathematics: not only is this 

study likely to extend existing mathematics by interacting with new applications, but also 

mathematics is likely to be enriched by a re-examination of its concepts from the perspective 

of another culture. An example of this is the recent (belated) recognition in European 

mathematical circles, that the non-proof oriented Eastern conventions of mathematics are 

both useful and valid (Berggren, 1990; Joseph, 1991; Siu, 1993). 

The non-reflexive nature of the practice of ethnomathematics applies even when it takes place 

within the culture of the researcher. An ethnomathematical researcher may bring to attention 

non-acknowledged or historically hidden mathematical practices and concepts. But this can 

only be done from a perspective of already knowing mathematics in some form. Thus older 

practices may be interpreted through contemporary, Mathematical eyes. The work of Knijnik 

(1993) on Brazilian peasant mathematics, and D'Ambrosio's programme (1985c) for 

uncovering the historical antecedents to present day practices, both fall into this category. 

An ethnomathematical study of the Inca quipu cannot be performed by the Inca themselves, 

so it is clear that such a study is specific to a contemporary culture which has a category 

mathematics. However the shopper situation is more problematic. In this case there may be 

differing definitions of mathematics, and therefore differing ethnomathematical studies. If a 

shopper was to study the ethnomathematics of shopping, this study might not be recognised 

by a mathematician as mathematical. If the mathematician was to do the same study it would 
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possibly be different, and might not be recognised by the shopper to be about shopping. 

Conflict about the content is part of the problem for those engaged in ethnomathematics: in 

the process of redefining mathematics there will be arguments about who legitimates the 

definition. Although this is liable to remain a central problem for the field, it is not a 

destructive one. Cross-cultural negotiation is part of ethnomathematics, and the utilisation of 

cultural conflict to positive ends is one of its benefits (see Section 6.2). 

Mathematical Relativism 

This definition of ethnomathematics allows two senses in which mathematics is universal, 

and implies two senses in which it is relative. 

Universal Mathematics 

The first universal sense arises from the fact that, if you are from a culture which includes 

mathematics, then it is possible to identify aspects of all other cultures which you would 

classify as mathematical. In other words, it is possible to see all other worlds through a 

Mathematical perspective. For example, Bishop (1988a) identifies six pre-Mathematical 

practices which he claims are present in every culture: counting, measuring, locating, 

designing, playing and explaining. Bishop is not saying that there are equivalently defined 

activities in every culture; he is saying that he can identify activities which come under each 

of these headings for him in any culture. This leaves open the question as to whether numbers 

exist in some real sense because everyone counts, or triangles exist because everyone designs; 

or the continuum exists because everyone measures. These 'objects' could be conceptual tools 

with no existence beyond the conceiver. This sense of universality does not imply a Platonist 

reality. 

The second sense in which mathematics is universal results from the fact that, if you 

acknowledge a category mathematics, then you must acknowledge the conventional one. For, 

if you don't, then it is difficult to justify use of the label mathematics. Mathematics exists as a 

knowledge category, so, to call something else mathematics, is to not be part of that 

knowledge categorising system. Therefore you do not understand what mathematics is. Such 

self-referencing universalises mathematics for those who are part of it. 

The universal self-referencing of mathematics does not mean that it is static. It is possible to 

hold a differing view of mathematics from the conventional one to the extent that a debate 

may take place through which mathematics may change its conventional meaning. 

Development is possible. For this to occur, however, there must be one of two situations. 

Either the unconventional viewer acknowledges that the conventional view has legitimacy 

and the onus is on them to convince others that a change is justified (for example Joseph's 

writings on non-European aspects of mathematics (Joseph, 1991)); or there may be more than 
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one community of convention, mutually acknowledged by the other as having a right to the 

debate (for example the communities of standard and non-standard analysis, or Bayesian and 

Frequentist statisticians). 

Relative Mathematics 

While the above universal aspects of mathematics are implied by the definition of 

ethnomathematics, this definition also implies two senses in which it is possible to say that 

mathematics is relative.  

The first sense in which mathematics must be relative is that it must be changing. This change 

needs to be more than just an evolutionary building on what has gone before, it must involve 

revolutionary change in the sense of Daubin (Gillies, 1992a; see Section 2.3). Any 

mathematician can accept that their subject is a growing one, building on what has gone 

before, with new conceptions including the old with wider generalisations or as special cases 

(as opposed to discarding them because they are wrong). Whether or not this is described as a 

new paradigm, an evolutionary growth in mathematics is at least admitted in all 

historiographies (see Section 2.3). 

However ethnomathematics requires more than this. It requires the possibility of other 

Mathematical concepts which are subsumable neither by existing ones, nor by some new, 

overarching generalisation. In other words it must be admitted that a new Mathematical 

concept may arise which radically changes existing Mathematical concepts because it cannot 

be integrated into mathematics as presently understood in any other way. 

This is not to say that all ethnomathematical study will generate alternative mathematics: 

much of what arises from ethnomathematics will be subsumable, in the Mathematical world, 

under existing or overarching concepts. What is necessary, is the idea that it could happen 

that new ideas transform the way mathematics is conceived. In terms of the Crowe/Daubin 

debate this is to come down on the side of revolutionary change, at least at the meta-

Mathematical level, (see Dunmore, 1992). (For examples see Daubin, 1984, 1992). 

If this possibility is not admitted, then ethnomathematics reduces to the study of particular 

cultural practices from the point of view of a mathematician, (rather than a mathematical 

study of the way people from other cultures conceive of their practices). Ethnomathematics 

thus becomes a (not very important) part of mathematics, of interest as little more than a 

curiosity about how others approach a predetermined field. It is this view which leads to ideas 

of 'primitive' Mathematical cultures and judgements about the level of their development (see 

Section 2.2). 
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Unless mathematics can change in a radical way, there is no point in examining the way other 

people view things which we call mathematical. If there is only one Mathematical view of the 

world, then why try and find another one? It is necessary for the creative part of the practice 

of ethnomathematics that other practices might change the way mathematics is conceived 

within the culture which contains mathematics as a category. 

The second sense in which mathematics must be relative is that there must be a recognition 

that mathematics is not the only way to see the world, nor is it the only way to see those 

aspects of the world having to do with number, shape, relationships, etc, i.e. those aspects 

commonly referred to as mathematical. If it is not accepted that other people may see things 

that we call mathematical in entirely different terms, then there is no sense in trying to 

understand how they do see it. What is more, there needs to be a recognition that alternative 

ways of seeing these phenomena are legitimate and valid. For if they are not legitimate, then 

there is no point in trying to study them, there would only be point in trying to finds ways to 

'educate' those who do not see in the 'correct' way, i.e. mathematically.  

This second version of relativity appears on the surface to say something about the nature of 

Mathematical objects - namely to deny independent, Platonist existence for them. For if it is 

true that numbers (or triangles or groups) have a reality outside those who express them, then 

an ethnomathematician will be concerned with the way people from other cultures 

approximate these real objects. They would not be interested in others' perceptions, only in 

how closely those perceptions correspond to the ideal conceptions of the mathematician. 

The ethnomathematician may only have a mathematician's symbols and conceptions to 

describe what they find, but they must have a working assumption that these tools are limited 

in the task they hope to perform. The ethnomathematician will be constantly trying to 

overcome the limitations of these Mathematical tools (and may generate new Mathematical 

tools in the process). If mathematics has a Platonic reality, then there is no tension between 

the tools and ethnomathematical activity. It seems, therefore, that this definition of 

ethnomathematics requires a philosophical position opposed to Platonist or realism. 

However, as detailed in Section 3.3, a Wittgensteinian approach to the conception of 

ethnomathematics dissolves such metaphysical issues. In summary, it is possible to regard 

Mathematical meaning as residing in the dialogue created by its symbols and conventions. 

Mathematical statements are normative in that they proscribe what it is like to discuss 

phenomena Mathematically (Shanker, 1987, pp274ff). The question of whether or not 

Mathematical objects exist is not relevant for Mathematical meaning. Ethnomathematics, 

under such an approach, opens the domain of Mathematical discourse to similar normative 

statements occurring in other cultures, and explores possible relationships between these 

statements and conventional Mathematical ones. In order to do this it is necessary to 
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understand how these statements work normatively in the context of the other culture, i.e. 

how people from the other culture use them. 

The definition of ethnomathematics assumes a definition of mathematics which is locally 

fixed and against which perceptions of other cultures are matched. But this does not imply 

that that definition of mathematics is the only one. 

Historical & Contemporary Relativity 

The description of different senses in which ethnomathematics is universal or relative 

indicates that this dichotomy may be a false one (see also Section 3.3). Lakoff (1987, Chapter 

18) gives a description of relativism which identifies very many different versions. A further 

distinction which can be useful is that between historical and contemporary relativity. If we 

are to ask whether there is, in fact, another mathematics equal in power to what is commonly 

understood to be mathematics, then the answer is no. On the other hand, if we are to ask 

whether mathematics could have been different, then the answer is yes. 

Historically, the line of progress of mathematics could have been otherwise. There is no way 

of knowing what theory of mathematics we may now have, nor whether this hypothetical 

theory would be more comprehensive, more sophisticated, more applicable, or 'better' by any 

other criterion. It is not possible to completely rewrite history (Lakatos, 1978). 

The evidence that history could have been otherwise is necessarily circumstantial. It requires 

a 'what-if' thought-experiment, and this is why we have the strong illusion that there is only 

one mathematics. It is the province of the sociology of mathematics to identify how divergent 

ideas may have changed the path of mathematical development: to identify the turning points 

and decision points; to specify the socio-cultural conditions which determined particular 

paths; and to trace paths as far as possible. It is the province of the anthropology of 

mathematics to explore the existence of other paths and other mathematics (even in 

embryonic form). Both of those have an historical orientation. The ethnomathematician's task 

is to explore - in the present - the consequences of these different paths for mathematics: to 

first understand where they were/are leading, and then reflect on them Mathematically. 

Critics of ethnomathematics (and social constructivist accounts of mathematics (Ernest, 

1991)) claim that evidence of contemporary and different mathematics is required before 

those views are justified. However the extent of overlap between social groups - overlap of 

history, of language, of the physical environment, of human physiology and psychology - 

means that distinct relativism of this sort is not to be found. It is not surprising that those 

searching for such evidence focus on areas where the overlap is minimal: hence much 

ethnomathematical literature is about societies and cultures which are historically or 

geographically remote. 
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But such evidence is not necessary. The lack of more than one contemporary, sophisticated 

mathematics does not imply the universality of the one we know - it only contributes to our 

feeling of its truth. If contemporary relativity is conceived as the potential for divergent 

Mathematical development, then ethnomathematics is one way in which this may be 

manifested. 
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4.2 The Nature of Ethnomathematics 

In the previous section ethnomathematics was defined, the terms were clarified, and some 

implications arising from the definition were explored. In this section the definition is used to 

characterise the field: to describe its activities and to classify its subject-matter. The final 

section elaborates the relationship between ethnomathematics and mathematics. 

Ethnomathematical Activity 

Ethnomathematical study has been defined, but it is still necessary to explain what it is that an 

ethnomathematician might do in order to find out how people from other cultures 

"understand, articulate and use" mathematical concepts. What kinds of activities will be done 

by an ethnomathematician? What are the processes of an ethnomathematical study? 

The definition requires that an ethnomathematician, working from within a specific 

Mathematical framework, investigates another framework which is neither fully understood 

(if it is understood at all), nor recognised as mathematics (although it has been identified as 

mathematical). An important aspect is to illuminate the relationship between the new 

structures and the existing structures, to show the ways in which they give equivalent and 

contradictory results, to investigate the power of the new structure, and to communicate both 

the structure - and its origins - to a wider community of mathematicians. The processes of 

study must therefore start from the known mathematics, bridge the gap into unknown 

territory, and return full circle to contribute to the original mathematics. 

In terms of the growth of mathematics, it does not make sense to call this later analysis the 

mathematics of the culture which gave rise to it: the Mathematical contribution was part of a 

different, non-Mathematical cultural structure. However the results which are not equivalent 

to existing mathematics (and the techniques which are identifiably different) will retain a 

shadow of the originating culture. This will remain until a higher order analysis 

accommodates all views, at which point the processes will become the province of the history 

of mathematics. The mechanisms of interaction are further described below. 

Under the main aim of revealing and developing new structures of analysis using those of 

other cultures, four specific tasks can be identified. They are: 

• to identify and describe structures from other cultures; 

• to understand and analyse these structures from a point of view as sympathetic to the 

other culture as possible; 
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• to relate these structures to accepted Mathematical ones and to communicate both the 

structure and its origins to the mathematics community in a Mathematical way; and 

• to synthesise diverse structures and to create new ones challenging existing abstractions. 

Four types of activity corresponding to these tasks are described below: descriptive, 

archaeological-analytic, mathematising, and synthetic-creative activity. An 

ethnomathematical study may contain any or all of these. 

Descriptive Activity 

The first task of an ethnomathematician is to describe those practices or conceptions which 

are under consideration. This means a description which is, as much as possible, within the 

context of the other culture (or social group). 

The description will use the language of the researcher, but it will probably be non-technical 

language, with the result that the Mathematical preconceptions of the researcher have less 

effect. The researcher's language will inevitably be inadequate for the task to the extent that 

the Whorfian hypothesis is true (Lakoff, 1987; Whorf, 1956). At this stage, however, this 

problem is not crucial because the function of the description is to identify those structures 

which may be of interest. The reason they might be of interest is because they are of a 

mathematical nature, not because they are interesting culturally. 

The description will try to explain some of the mathematical concepts from the other culture. 

It will not only focus on the mathematical aspects, although it is likely to include an 

indication of why that subject has become the subject of ethnomathematical attention. It may 

draw on anthropological conventions or theory, and thus overcome some of the perspective 

problems mentioned above. 

Examples of this activity are Zaslavsky (1973) on African mathematical activities, the section 

on the quipu in Ascher (1991), parts of Carraher (1988) on Brazilian street mathematics, 

Abreu & Carraher (1989) on Brazilian sugar-cane farmers, and Kyselka's book (1987) about 

Caroline Island navigation systems. 

In themselves, such studies are (ethnomathematically) precursors to the main task. However 

they may represent complete studies in another discipline, for example, as cited in the 

previous paragraph, the work by Zaslavsky is an educational resource, those of Ascher and 

Kyselka are anthropological studies, and those of Carraher and Abreu are investigations in the 

psychology of mathematics. 
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Archaeological-Analytic Activity 

The most difficult ethnomathematical task is to understand and analyse another structure from 

the point of view of the other culture. It is difficult because it is never completely possible 

without being a member of that culture.  

One way in which this can be done is to identify where (in time, in place, and in the 

development of the culture) a structure originated, i.e. at what point in the development of an 

idea was there a possibility that some other analysis could have arisen. It is then possible to 

investigate why that particular concept was the concept which developed. It is not usually an 

easy task to identify the point where a concept was formed, an abstraction made, or a more 

generalised structure created. In the history of mathematics there are some notable 

exceptions: Hamilton's quaternions (Eves, 1976, pp391ff), Descartes' analytic geometry 

(Eves, 1976, pp279ff), and the conceptual shift in the nature of geometry from physical space 

to algebraic space (Eves, 1976, pp382ff). One reason is because the move to a higher order of 

abstraction is often implicit, and/or is the result of several gradual shifts. The resulting 'way 

of looking at the world' thus becomes a conventional wisdom which is assumed to be 

obvious, and which is taken for granted in all that follows. 

It is necessary to trace backwards in time to uncover the mathematics which lies behind the 

current practice or conception. This is more an archaeological inquiry than an historical one 

because the history of the practice being studied will not usually be written in Mathematical 

terms. It is not a matter of finding documents or antecedent mathematics, but of finding the 

implied mathematics in the derivation of the practice. Part of this inquiry will involve 

exposing how the implied mathematics was developed and recorded, either in mathematical 

practice or in written form. 

This is the kind of activity referred to by D'Ambrosio (1985, p47) in his ethnomathematical 

programme. He specifically identifies the implied Mathematical history of existing practices 

in the way previous practices have been discarded or modified over time. Uncovering this 

history may not be easy since earlier practices will have disappeared as they became less 

useful. Gerdes, too, discusses the need to 'unfreeze' the mathematics in such cultural practices 

as weaving and house building (1988c, p140). He notes that the present day artisans are not 

conscious of the mathematics implied in these activities, but some understanding of 

mathematical principles must have been present when the practices were formulated. 

Having identified the point at which a particular practice or conception developed, it helps to 

find out why it is like it is. This is more historical/social than it is Mathematical. The aim is to 

understand the perceptions of another group, so that all those things which influenced the 

development of the phenomenon need to be considered. 
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An example of this kind of work is the study done by Horring (1995). Her study of taniko 

weaving (hand-woven boarders on Maori cloaks) traces the origins of the practice, the 

constraints imposed by the materials, the changes in technique and design brought about by 

contact with European styles and materials, and the more recent re-establishment of taniko 

weaving as a modern craft. In doing this she uses existing literature of an anthropological 

nature (Mead, 1968), and reviews it from a mathematical perspective. 

Other examples of the kinds of questions asked in this analytic activity are as follows. What 

were the practical requirements for woven fishing nets (Gerdes, 1986b)? What statistical 

questions were being asked when frequentist views of probability developed (Porter, 1986)? 

What effect did the type of craft have on the development of Pacific and European navigation 

systems (Kyselka, 1987)? What is the hereditary effect of the kinship relations of the Warlpiri 

(Cooke, 1995)? 

Mathematising Activity 

Once a practice or conception has been identified and described as authentically as possible, 

the next step in the ethnomathematical process is to expose its Mathematical structures. This 

involves describing it Mathematically, i.e. in a way that is both interesting for, and acceptable 

to, the Mathematical community of which the researcher is a part. 

Mathematising involves: translating the material from the other culture into Mathematical 

terminology; relating it to existing Mathematical concepts; and investigating the power of this 

new structure as mathematics. In this activity the ethnomathematician is consciously 

eschewing the context of the original practice in order to illustrate the mathematics. Such 

work does not imply that the other culture does (or does not) have a consciousness of the 

Mathematicality of the practice. It may involve asking questions about whether 

understandings parallel to these Mathematical ones are present within the originating culture. 

An example of translation and connecting to known structures is the work of Ascher (1991) 

with respect to Warlpiri kin relationships. Here the group structure is drawn out and 

systematised using conventional notation. Gerdes (1988b) does something similar with 

Tshokwe sand drawings, Grünbaum & Shephard (1977) with conventional cloth weaving, and 

Barton (1995a) with triple weaving. In New Zealand work has been done on the mathematics 

of kowhaiwhai rafter patterns and weaving patterns (Knight, 1984; 1985a). 

However, as well as descriptive mathematising, it is possible to work with this Mathematical 

form of the cultural practice or idea, and to extend it in a Mathematical way. This will be 

successful to the extent that the newly found structure has Mathematical power, although, like 

all Mathematical developments, its power and use is not always immediately recognised. The 

purpose of such activity might be two-fold: to indulge in a purely Mathematical investigation 

  

215 



  Ethnomathematics 

with the possibility of developing new mathematics; or to re-interpret the mathematics into 

the original context in order to gain further insight into that context. It could happen that those 

working within the other culture may take part in such a dialogue for mutual benefit. 

An example of extending mathematising which served the first purpose is Gerdes work 

(1990b) with Lusona, in which his matrix analysis has led to a new research field with 

important theorems which have likely applications in information processing and electronic 

chip design. An example of extending mathematising which served the second purpose is the 

work of Ascher (1991, pp95-109) with respect to Mu Torere, a Maori game, which shows that 

early Maori probably had an awareness that alternative versions of the game were not as 

interesting. 

Synthetic-Creative Activity 

The final stage in an ethnomathematical study operates at the level of meta-mathematics. This 

activity involves changing the basic conceptions of mathematics, and is the raison d'etre  of 

ethnomathematics. 

The universal view of mathematics does not permit the kind of change referred to here. If 

mathematics is about ultimate truth, and epitomises rational thought, then it cannot be 

overthrown in the sense of Daubin's revolutions (Daubin, 1984). Ethnomathematics requires 

the possibility of such change, at least at the meta-Mathematical level. This level of change is 

generally accepted. 

Ethnomathematical studies can lead to such changes. More than that, ethnomathematics can 

be construed as a study with exactly this kind of result as its aim: the assumption being made 

is that cultural variation provides a fruitful ground in which to look for diverse conceptions. 

In other words, meta-Mathematical change can come from outside mathematics, it does not 

only result from Mathematical development. 

The examples cited by Dunmore (1992) are all of the latter kind. Incommensurable line 

segments, negative numbers, imaginary numbers, non-commutative algebra, axiomatic 

theory, non-Euclidean geometry, transfinite sets are all examples of Mathematical invention 

which changed forever fundamental Mathematical concepts (number, geometry and algebra, 

respectively). 

Examples from ethnomathematics are not so easy to find. This is partly because, as an explicit 

study, ethnomathematics is in its infancy. But it is also because a study is ethnomathematical 

only until the fruits of it are accepted as mathematics, after that it becomes part of the history 

of mathematics. 
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For example, it could be argued that the axiomatisation of geometry developed as a result of 

the rhetoric and logic of Greek society, in particular the way argument formed the basis of 

social behaviour in the forum (Fang & Takayama, 1975). Euclid, writing towards the end of 

the Greek empire, used this culturally-based mode as a model for recording geometry 

(although the axiomatic system was used in mathematics by the time of Plato (Dunmore, 

1992, p222)). Although axiomatisation may have developed ethnomathematically (i.e. 

through the influence of a particular cultural structure), it is now regarded as part of the 

evolutionary history of mathematics. 

Therefore changes at the meta-level which are to be recognised now as ethnomathematical 

must be sought where existing Mathematical structures are currently being challenged. 

One example is in the nature of logic (see discussion in Restivo, 1992, pp91-2). Biersack 

(1982) and Cooper (1975) argue for the existence, on anthropological grounds, of rational, 

but non-standard, logics. The resolution of the debate is developing into (Restivo, 1992, p92): 

the idea that all logics are ethnologics, situated, mediated logics. This requires seeing logic ... as a 
social institution rather than a set of disembodied facts and sentences. 

The implication for mathematics is that there may be more than one rational, logical 

foundation on which to do mathematics. 

A second example of meta-Mathematical change in the making is documented in a recent 

debate in the Notices of the American Mathematics Society (Epstein & Levy, 1995). The rise 

of the computer as a working tool of the mathematician has led to a rise in the importance of 

constructivist mathematics (in the philosophical sense of Brouwer). This reversed the trend of 

the last fifty years when such mathematics was regarded as unconventional and unproductive. 

The effect of the computer is described as 'helping to recast mathematics on more solid 

foundations' (Epstein & Levy, 1995, p674). This change could be construed as a result of an 

ethnomathematical activity involving the computer and an alternative Mathematical cultural 

community. 

A third example also concerns the changing role and nature of proof in mathematics. One 

result of the studies such as those by Joseph (1992) and Berggren (1990) is that the practice of 

mathematics in non-European cultures is more often being accepted as rigorous mathematics 

by Western mathematicians. In particular the interrelationship between example and proof, 

and the previously unacknowledged drawbacks of axiomatic proof, have been highlighted by 

cross-cultural collaboration - the most notable example being that between Ramanujan and 

Hardy (Hardy, 1941, 1978; Kanigel, 1991). 
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Three Dimensions of Classification 

Ethnomathematics has been defined and its activities described. The definition is now used to 

establish a classification of its subject-matter. 

One crucial characteristic of ethnomathematics as defined is that one group (which has a 

shared understanding of what is meant by mathematics) is attempting to understand particular 

practices and conceptions which are held by another group with a different (or non-existent) 

understanding of the term 'mathematics'. The way the second group is identified gives three 

dimensions according to which ethnomathematics can be classified. They are the dimensions 

of time, culture-size, and mathematicality. 

Classification Space 

Ethnomathematics is not restricted to historical practices, so its subject matter may include 

ancient historical practices or contemporary conceptions of particular groups. For example it 

may include the way the quipu of the Incas was used and developed (Ascher & Ascher, 

1981), or the genealogy structures of present-day Australian Aborigines (Cooke, 1990). 

Ethnomathematics does not fit with a concept of primitive in which practices are judged to be 

at an early stage of Mathematical development. While all cultures will have a development of 

mathematical ideas, there is no assumed basis on which the ideas of different cultures can be 

compared. 

The concept of culture in the definition of ethnomathematics is discussed in the previous 

section. It may be an ethnic group, a geographical or national (but ethnically mixed) group, or 

a purely social or vocational group. Thus ethnomathematics may equally consider a study of 

the weaving design of Maori kete (baskets) (Knight, 1985a), the role of sport statistics in the 

NZ sport-leisure culture (Barton, 1994), or the measuring practices of peasant farmers 

(Knijnik, 1993). 

The third dimension of ethnomathematics is the mathematicality of the group. This can be 

determined by the relationship of the mathematical ideas being studied to the mathematics of 

the researcher(s), i.e. whether the ideas are internal to mathematics (already accepted as part 

of mathematics), or external to mathematics (not generally regarded as acceptable 

mathematics). An example of subject matter which would be regarded as external is 

traditional Melanesian navigation (Kyselka, 1987); an internal example is non-standard 

analysis (Robinson, 1966). (In any internal example the researcher in the definition must be 

from a particular group of mathematicians). 

These three dimensions are specific to the culture of the researcher(s). For example, on the 

dimension of time, Melanesian navigation is seen in contemporary European cultures as a 
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past event. But there are those for whom this is a contemporary way of life (Kyselka, 1987). 

Furthermore the dimensions of time and mathematicality may not be relevant for other 

cultures - i.e. it may not be possible (or appropriate) to distinguish groups in this way. 

A diagram may be drawn to illustrate the various ethnomathematical studies possible on these 

dimensions. On the diagram below the positions A-H represent the eight distinct possibilities 

if each dimension is a dichotomy. In reality they are continua so many positions are possible. 

A
B C

D

E
F G

H

Past

Future

Social GroupEthnic Group

Internal

External

Culture

Mathematics
Time

The Dimensions of Ethnomathematics  

fig 6 

Examples 

A classification such as this has two uses. One is to locate existing studies so that they can be 

put in perspective and can be related to each other. The other is to work in the opposite 

direction and use the points in the classification space to generate questions which could give 

rise to ethnomathematical studies. This is a creative use, and illustrates the benefits of being 

clear about the nature of ethnomathematics. 

For each of the points A-H below an existing study is identified and described, and a question 

is generated which gives rise to a possible new study. 

A: Contemporary, ethnic group, internal 

An existing study in this position was done by Mtetwa (1991). He describes the beliefs of 

Zimbabwean children and compares them with the realities of their secondary school 

mathematics classrooms. This predominantly educational research highlights two views of 
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mathematics held by these children: 'examination mathematics' and 'the discipline' 

mathematics: the former influenced by the emphasis on national examinations, the latter by 

seemingly arbitrary rules and routine procedures in the curriculum. Mtetwa also investigated 

'out-of-school' mathematics, and found that the children both acknowledged and valued this 

knowledge as Mathematics. Traditional (and pre-colonial) mathematics may be recognised by 

these children, but it is regarded as very elementary. Only specialist mathematics, for 

example that practised by accountants, is regarded as 'proper' mathematics. There is some 

acknowledgment that traditional mathematics helps people deal with their daily lives, but it is 

not the mathematics needed to get on in life. 

This study encompasses aspects from the first two types of ethnomathematical activity 

(descriptive and analytic). It would be interesting to know how the children would 

mathematise what they see as traditional mathematics. 

Another potential study in this position could arise from questions about the different 

mathematical conceptions of mathematicians from different national or language groups. Do 

Japanese mathematicians have conceptions not found amongst European mathematicians? 

What different emphases are found in the curriculum in Japanese universities? Does a 

different view of mathematics result from the different type of mathematics education found 

in Asian countries compared with that in America or Australia (Bell, 1995b; Miura, 1993; 

Stigler et al, 1990)? 

B: Past, ethnic group, internal 

Fang & Takayama's Prolegomenon (1975) includes a fascinating, if incomplete, analysis of 

the relationship between Greek society and the formation of mathematics in its axiomatic 

mould. Their view of the Greeks' fundamental role in mathematics is shared by others (Kline, 

1953; Grant, 1993), but is also challenged by Restivo (1983, Chpt 14). Restivo, by paralleling 

Greek Mathematical development with that of the European Renaissance, shows that 

mathematics is linked to social, commercial and industrial development through the activities 

and products of mathematicians. Thus the idealist notion of mathematics undergoing pure, 

abstract growth is undermined. These accounts, taken together with a conventional history of 

Greek mathematics (e.g. Eves, 1976) constitute ethnomathematical activity in the analytic and 

creative categories. The origins and turning points of Mathematical conceptions are explored, 

and the way in which meta-Mathematical changes occurred are displayed. 

A question currently being asked in this classification position, and which may lead to 

important ethnomathematics, concerns the effect of the different proof-structures of Islamic 

mathematics (Berggren, 1990). By examining the historical practice of medieval Islamic 
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mathematics, questions about the role of rigour are raised, and current orthodoxies challenged 

(Berggren, 1990, p47): 

One sees ... that rigour is not a final goal, against which the progress of the various branches of 
mathematics may be measured, but is ... a moving target, a conception in the minds of 
mathematicians who live in particular societies at particular times, and as such is slowly changing 
and continually challenges mathematicians to their best efforts. 

C: Past, social group, internal 

In the 1950's and 60's a group of French mathematicians published a series of basic graduate 

texts in algebra, set theory and analysis collectively under the name of Nicholas Bourbaki 

(Davis & Hersch, 1981, p344). This, and subsequent work by the (changing) group, 

represented an effort to unify modern mathematics in terms of the theory of groups 

(Bourbaki, 1947; Boas, 1970). These writings are a formalist-style programme which 

represents mathematics as a structured unity which is the result of an on-going collective 

enterprise. Their methods involve purposeful simplification and organisation, and the use of 

axioms in a dynamic, empirical way rather than as a static Euclidean model (Restivo, 1992). 

It was opposed at the time by mathematicians such as Brouwer and Godel, but set theory was 

introduced into schools as the fundamental Mathematical concept. This was 'The New Math', 

and was initiated at a seminal conference of mathematicians on mathematics education at 

Raumoult in 1959 (Goffree, 1992; Kline, 1973). 

The influence of this group has been tremendous, not just on mathematics in schools and 

undergraduate courses, but in establishing a formal mode for mathematics, emphasising 

structure over creativity. Van Hiele, a mathematician working in Europe at this time has 

noted the relationship between this view of mathematics and the cultural norms in French 

society (Van Hiele, 1995). Restivo (1992, p174) describes Bourbaki as generating a 'folk 

sociology'. In other words, the cultural group Bourbaki represents has its own structures 

which influence the mathematics it promotes. The literature on Bourbaki provides examples 

of ethnomathematical activity of all four types. 

An unexplored question concerning the effect of a cultural group within mathematics 

concerns the role of astrologers in Classical and Medieval times. In many ancient cultures the 

astrologers and mathematicians were the same people (Davis & Hersch, 1981, p101), and it 

would be interesting to know how astrological practices and interests were Mathematical and 

how they affected the mathematics of the day. 

Similarly, in ancient China, mathematicians were mainly state employees (Libbrecht, 1973, 

p6). How did that affect the development of Mathematical practice? 
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D: Contemporary, social group, internal 

An example of an identifiable contemporary group of mathematicians who are becoming the 

subject of ethnomathematical interest was mentioned in the previous section on 

ethnomathematical creative activity. Those mathematicians who routinely use computers as 

an empirical tool in their work are having both a philosophical and a practical effect on 

mathematics. 

The Bayesian/Frequentist debate in statistics concerns the fundamental basis of the concept of 

probability. It effectively demonstrates the subjective creation of a concept which is taken to 

be 'given' in general discourse. Probability, as an idea, has relatively recent origins (Porter, 

1986) and initial conceptions are based on long-run frequency of events (the Frequentist 

view). Bayesian conceptions are derived from a theorem by Bayes in 1763 which concerns 

conditional probability. This leads to a conception of probability as a once-off situation which 

is a subjective estimate of the likelihood of an event (see Freeman & Smith, 1994). The way 

decisions are made depends on which conception is used, and, in many cases, the 'best' 

decision differs in each case (see Berger (1980) for several examples). Most working 

statisticians use whichever approach is most appropriate, but favour one view (Robert 

Gentleman, personal communication, 1995). There remains, however, a debate (e.g. Meyer & 

Collier, 1970) and this raises questions about the way representatives of each group view, and 

are affected by, each other's work (see Section 5.3 below). The impact on mathematical 

philosophy, for example, is described in Hacking (1965). 

E: Contemporary, ethnic group, external 

The African game mancala (also called bao, wari, soro, omweso, and other names) has been 

played for thousands of years. It is as complex as chess or go moku, probably has as many 

adherents, and shares the characteristic of amenability to analysis up to the point where the 

number of alternatives becomes too large. A number of systematic studies have been done 

over the last 100 years by anthropologists, educationalists and mathematicians (e.g. Culin, 

1894; Herskovits, 1932; Murray, 1952; Sawyer, 1949; Zaslavsky, 1973) in which 

comparisons are made to other games, computer programmes are attempted, and strategies of 

winning players are investigated. Most of this work is in the descriptive, analytic, and 

mathematising modes, so ethnomathematical questions remain about the relationship between 

the game and the cognitive patterns of those cultural groups for which it is important. The 

inverse question also remains unanswered: are there Mathematical techniques embedded in 

this game which will lead to new mathematics? The complexity of the game would give hope 

that the answer is affirmative. 
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A recent study in New Zealand has investigated the mathematics of Maori marae kitchens. A 

marae is the large meeting house associated with a Maori community, and feeding and 

entertaining visitors is an important part of its social function. McMurchy-Pilkington (1994) 

has conducted interviews with the Maori women who cater in these kitchens and investigated 

their mathematical practices and the mathematics they experienced at school. Further 

ethnomathematical questions arising from this study include: what influence does school 

mathematics have on their present practice; what is the impact of tourist, market-driven 

pressures on catering practices; and does catering experience help younger children deal with 

school mathematics? 

F: Past, ethnic group, external 

This category contains much of the work which has been done in the name of 

ethnomathematics, for example the study of the Inca quipu (Ascher & Ascher, 1981; Ascher, 

1991), Angolan sand drawings (Gerdes, 1991c), and Mozambican basket weaving (Gerdes & 

Bulafo, 1994). Both these studies are explicitly ethnomathematical and include activities in 

all four categories mentioned above. For example Gerdes' (1991b) book describing Lusona 

explains its context in Angolan society as not just a children's recreation, but also as an 

important knowledge-bearer with the associated taboos and status of its guardians. Elsewhere 

Gerdes (1990, 1991c) transforms the drawings into the Mathematical symbolic mode using 

matrices, proposes theorems concerning them, and describes potential uses in both 

mathematics and applied mathematics. Gerdes' Ethnomathematics Research Project in 

Mozambique has become the model for such studies (Gerdes, 1994b). 

A question in this classification position which is as yet unexplored, concerns the technical 

knowledge of Polynesian canoe-building. The journals of early Pacific explorers from Europe 

contain many references to the superior sailing characteristics of Polynesian canoes 

(Elizabeth England, First Mate, Spirit of Adventure, private communication, 1994). The 

canoes were superior not just to the lumbering ocean-going ships of the explorers and traders, 

but also to the racing vessels known to these sailors. The implication is that the canoes 

embodied a high level of technical expertise gained through experience and the application of 

craftsmanship (see Turnbull, 1991, p30-1). In Europe such technology was written and 

encoded mathematically in architectural and engineering manuals. This raises the question of 

how the technology was encoded, stored, and retrieved by the Polynesian ship-builders? Was 

it encoded in the rituals of canoe-building, subject to change only by tohunga (experts)? Was 

it a function of the materials and the building techniques used, retained only by 

apprenticeship? How did improvements get recognised and communicated? And, to ask a 

more ethnomathematical question, what aspects of this technology system might be described 

Mathematically and manipulated within that subject? 
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G: Past, social group, external 

Sea-faring, whether it is Polynesian, or European, is an ancient craft practised by navigators 

and captains from many nations. In the last thirty years there has been renewed interest in 

traditional navigation by Pacific people (Gladwin, 1970; Lewis, 1972; Kyselka, 1987; 

Thomas, 1987; Irwin, 1989). More recently (Turnbull, 1991; Littlewood, 1993) attention has 

turned to the extent to which Pacific navigation represents systematic knowledge, and 

Mathematical knowledge in particular. Turnbull (1991) concludes that Micronesian 

navigation is a knowledge system on a par (at the cognitive and epistemological levels) to 

Western science, arguing (for example) that written records are not a requirement of a 

scientific or mathematical knowledge system and comparing the roles of navigators and 

Western scientists. 

His analysis includes all four of the ethnomathematical activities, for example: describing 

Etak, the conceptual basis for monitoring movement at sea; explaining its part in the 

navigator's system; showing diagrammatically how it operates; and asking the question "In 

what way is [Etak] a dynamic, integrative conceptual framework?" It is interesting, in the 

light of such studies, to notice that traditional navigation is becoming a highly publicised, 

legitimated technique in the cultural renaissance of Maori, Hawaiian and Tahitian peoples 

(for example see The New Zealand Herald  of the following dates: 17/10/81, 7/1/86, 14/8/89, 

12/2/93) 

Livingstone and Stanley were only two of the many explorers from many European nations 

who investigated the interior of Africa in the mid-19th century. The English members of this 

group were significant members of the Royal Society in London and must have known 

mathematicians such as Cayley and Kempe. They probably discussed, for example, 

astronomy, navigation, cartography, logistics, and anthropological information on counting 

and design. An ethnomathematical study could examine the relationships between these 

groups and the extent to which their interests affected each other's practices. 

H: Contemporary, social group, external 

Saxe (1988, 1991) has undertaken a major study of the mathematics of children who are 

candy-sellers in Recife, Brazil. The intention is to illuminate the relations between culture and 

cognitive development. Mathematical concepts are suitable for this study because they can be 

easily compared with the school mathematics experienced by these and other children, thus 

allowing the shifts and interrelationships to be identified. Using observations and interviews 

of the children, Saxe applies three components of his research method. The first describes the 

mathematical goals of the sellers, and relates them to the sellers' conventions, practice and 

prior knowledge. The second focuses on the mathematical forms and functions of the sellers 
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compared with non-sellers, and the third turns to the interplay between candy-selling and 

school mathematics. These components can be related to the descriptive, analytic and 

mathematising activities of ethnomathematics. However, the study is essentially about 

Mathematical cognition, rather than being ethnomathematical. 

In contemporary society there are many groups who have "developed practices, knowledge, 

and, in particular, jargons and codes, which clearly encompass the way they mathematise, that 

is the way they count, measure, relate and classify, and the way they infer" (D'Ambrosio, 

1984) Figs 7-10 depict images from the following groups: a netball training manual; a set of 

instructions from the game Dungeons & Dragons; a knitting pattern; and a coastal nautical 

chart. To what extent can these be called mathematics? What influences work between these 

groups and the mathematics taught in schools? These mathematical components can be 

identified, studied and linked to mainstream mathematics in an ethnomathematical 

programme. 

Like any classification system, this one is not complete. There are, and will continue to be, 

studies which do not fit neatly into its scheme. For example, Zaslavsky (1973) in her original 

work covers historical and contemporary studies over a variety of ethnic and social groups. 

However the system does help to identify the way in which studies from a variety of 

disciplines (history, sociology, anthropology) fit into ethnomathematics, it does illustrate the 

way diverse studies can be identified as ethnomathematics, and it does provide a means for 

the generation of new work. 
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fig 7 Diagrams from a Netball Manual 
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fig 8 Tables for Playing Dungeons and Dragons
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fig 9 A Knitting Pattern
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fig 10 A Nautical Chart 
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4.3 Mechanisms of Interaction 

The definition of ethnomathematics given in Section 4.1 requires the view that mathematics 

may change in a radical way, and the view that mathematics is not the only way to understand 

the world of numbers, shapes or relations. It is therefore necessary to explain how it is that, 

for several hundred years, mathematics has been viewed as the epitome of stable, rational, 

true and universal knowledge. 

How is it that only now, in the twentieth century, mathematics is being viewed as culturally 

dependent? On what basis can the claim be now made that mathematics is not just growing 

and developing but radically changing? How is it that new mathematics becomes 

incorporated into existing mathematics without challenging the perception of its universal 

nature? What are the mechanisms of generation, retention, division or merging of various 

mathematical concepts? 

A complete examination of the process of Mathematical change is not being attempted here 

(see Gillies, 1993; Kitcher, 1986; Lakatos, 1976, 1978; Restivo, 1993b). What will be done is 

to focus on the dialogue of change more closely than such philosophical debate, and show 

how it happens that radical change comes to be seen as the consistent development of 

universal truths. 

Universalising and Isolating 

When two Mathematical ideas come together it is possible to describe what happens in terms 

of two opposing forces: a tendency to universalise; and a tendency to isolate. 

On the one hand there is a need to keep all mathematics together, to explain it in the same 

terms, to work towards a single structure, or single conception of mathematics. This tendency 

was at work in the search for solid foundations for all mathematics in the first half of this 

century (Kline, 1980). The universal tendency has reached its zenith in the writings of 

Nicholas Bourbaki (1947) (see previous Section). 

On the other hand there is a separatist tendency which maintains the boundaries of 

mathematics and defines what can count as Mathematical work. This tendency keeps 

mathematics as the province of recognised mathematicians, provides the criteria for judging 

Mathematical work, and sets general directions for research and development. It is most 

clearly seen in the editorial criteria for Mathematical journals and conferences, but every 

mathematician is familiar with the manuscript arriving in the mail claiming to have solved 

Fermat's Last Theorem or squaring the circle, and having to decide whether to take it 

seriously or not. 

  

230 



  Ethnomathematics 

Each of these tendencies is manifest in a variety of ways. And each way can be construed as a 

sociological event or as a Mathematical event. Part of the thesis that mathematics is culturally 

constructed is the claim that the basic reason why Mathematical change has not challenged 

the universal, stable, rational image of mathematics is that the sociological interpretation has 

been ignored for the Mathematical one. 

Socially Constructed Mathematics 

It is only in this century that a sociology of mathematics has been considered (see Section 

2.4). Its dependence on the development of sociology generally provides the answer to the 

question as to why such a view of mathematics was not recognised earlier. 

However the literature on the sociology of mathematics is mainly concerned with 

philosophical issues (e.g. Bloor, 1976, 1983), the relationship between social conditions and 

Mathematical development (e.g. Fang & Takayama, 1975; Fischer, 1993), and the role of 

mathematics in society (e.g. Kline, 1953; Davis, 1993). Restivo (1993b, p248) attempts to 

"sketch the implications and potential of thinking and talking about mathematics in 

sociological terms", and ends up concluding (Restivo, 1993b, p269): 

Math worlds are social worlds. But what kinds of social worlds are they? How do they fit into the 
larger cultural scheme of things? Whose interests do math worlds serve? What kinds of human 
beings inhabit math worlds? What sort of values do math worlds create and sustain?" 

There is no discussion of the internal workings of 'math worlds'. To retain the science fiction 

metaphor: what happens when math worlds collide? How can this be described in 

sociological terms? 

This interaction must be explained both at the level of personal communication, and at the 

global level of interacting social systems. At the personal level we must answer questions 

like: What happens when mathematicians from different socially constructed disciplines 

meet? On what basis can they communicate with each other? What is the status of knowledge 

which they agree about? 

At the global level the questions are as follows. How does a body of knowledge originate? 

How does it become accepted as mathematics? What happens over time to a socially 

constructed system when it is in contact with other systems? How can systems retain their 

distinctiveness? What causes systems to disappear or become subsumed by other systems?  

Note that the philosophical questions: "Do all mathematical systems grow towards one ideal 

universal system?" and "Is one system better than another?" are not being considered. 

In particular, this section must explain the common perception of mathematics as a universal, 

pan-cultural (or acultural) body of knowledge. This perception is enduring both among 
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mathematicians and non-mathematicians. It has rarely been challenged in the past (see 

Bishop, 1990), and the practice of mathematics, both in daily and in academic worlds, carries 

on as if mathematics is, indeed, universal (see Davis & Hersch, 1981). In order to challenge 

such a perception, this reality must be explained in such a way that maintains the integrity of 

the old view while providing an insight which makes a cultural view acceptable to both 

working mathematicians and to everyone else. 

Mathematics and Linguistics 

Another form of social knowledge is language. The world's many languages interact with 

each other, and these interactions have universalising and isolating aspects. The first can be 

seen in the move towards universal languages (e.g. the artificial Esperanto, or the de facto use 

of English internationally). The second is seen in regional accents, patois, and dialects, or in 

the many instances of distinct languages being retained by small groups in very close 

proximity to each other: Papua-New Guinea is perhaps the most well-known (see Lean (1995) 

for counting words), but the Aboriginal nations in Australia, the Indian nations in North 

America, and minority groups in south-western China are other examples. 

In the case of languages it is easily seen, for example, that universalising tendencies are a 

result of social needs to communicate and political needs to control. Isolating tendencies are a 

result of social needs for identification, and political needs to retain autonomy. These forces 

are also interpreted as linguistic. The dual interpetation has parallels with mathematics: the 

correspondences may be a fruitful field for further study. 

Mathematical Interactions 

Mathematical interactions take place in many ways. Before examining the details of the 

mechanisms of these interactions, it is necessary to distinguish between different types of 

change in mathematics. 

Development 

Mathematical development is an internal process. It has been the subject of considerable 

literature, most recently in reaction to the ideas of Lakatos (1976, 1978), but leading in new 

evolutionary directions (see Section 3.2, Tymoczko (1986) and Restivo et al (1993), 

especially Rav (1993)). 

This type of change is not being considered here except in so far as some changes resulting 

from ethnomathematical consideration are so completely absorbed into mathematics (see 

below) that they are regarded as part of 'normal' Mathematical growth. 
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Revolutionary Change 

This is change in the sense of Daubin (1984, 1992) and Dunmore (1992) involving conceptual 

reconstruction, i.e. previous conceptions are overthrown (not just seen in a new light) and the 

new conception makes sense of what has gone before, and adds new material. 

Revolutionary change may take place over a period of time (e.g. the move from the theory of 

proportions to the theory of continuous magnitudes in Greek times (Dunmore, 1992, p214)); 

or may be quite sudden (e.g. the acceptance of non-commutative algebra (Dunmore, 1992, 

p219)). It is characterised by a shift (not always acknowledged) in the way key words are 

used - 'number' and 'algebra' respectively in the examples cited. 

This type of change may be ethnomathematical, arising from interaction between internal 

Mathematical cultures. 

New Mathematics - Internal 

New mathematics often emerges from within mathematics itself in a way which is not part of 

normal development. That is, the new mathematics emerges unexpectedly out of other 

Mathematical work, rather than being the logical extension of already existing work. Recent 

examples are some of the Mathematical developments in Chaos theory (Gleick, 1987), in 

particular the Julia and Mandelbrot sets; and the theory of renormalisation which was 

developed from work by Feigenbaum who noticed patterns in discrete maps of difference 

equations (Vivien Kirk, The University of Auckland, private communication, 1995). A past 

example is Descartes' analytic geometry. 

It is possible to identify pre-cursors to these changes, but the nature of the development is 

new in a sense which cannot be said of results and theorems arising from work in an existing 

field. This type of change is not ethnomathematical, because it does not arise from some pre-

existing practice, it emerges newly formed. 

New Mathematics - External 

The main type of change being considered here, however, is the rise of new mathematics 

from outside the field of mathematics. The most common examples are mathematical 

practices which arise in, or are motivated by, applied, technical or scientific fields. For 

example the origins of Chaos theory are embedded in work in mechanics on celestial motion, 

lost for two hundred years, and resurfaced in the meteorological calculations of Lorenz 

(Lorenz, 1995). Other examples include the problem of inverse relations arising from the 

difficulty of reconstructing pictures of the brain from the digital information supplied by a 

CAT scan; statistical techniques needed to solve the problems of robotic vision; and many 
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Mathematical methods originating from the calculating possibilities of computers. (These, 

and the above, examples come from conversation with Vivien Kirk, a colleague in 

Department of Mathematics, 1995). 

Mechanisms of Change 

The main mechanisms can now be examined, and sociological and Mathematical descriptions 

be given of some examples from ethnomathematically driven change. For each mechanism 

there is a counter-mechanism which provides a technique for ethnomathematical 

investigation. Note that the examples given exhibit more than one of the mechanisms, not just 

the one for which it is an example. 

Universalising Mechanisms 

Universalising mechanisms all have the effect of including the new material under existing 

Mathematical categories. If this is successfully achieved, not only does it not challenge the 

rationality or correctness of existing mathematics, it enhances those characteristics by 

showing them to be, yet again, robust enough to accommodate new ideas. 

Radical change may, in fact, have occurred during this process. That is possible because 

Mathematical terms and concepts are continuously created, and so may be re-created in the 

form of the old, but with new substance. Provided that the new creation works for all the old 

cases, the change may go unnoticed. Thus there is the appearance of old terms encompassing 

the new situations, when, in fact, new terms have been created (see discussion of Bachelard, 

Section 3.2). 

Three universalising mechanisms are here labelled colonisation, subsumption, and 

appropriation. 

Colonisation - "That's What I Said" 

The colonisation of Mathematical ideas transforms them into existing terminology, thereby 

stripping them of their distinctive aspects, and, in particular, removing cultural 

characteristics. The ideas are acknowledged to be mathematics, but are not acknowledged to 

be Mathematically new. The most common example is the way counting terminology and 

practices in different cultures are transformed into direct equivalents of one, two, three, four, 

... in the cardinal Mathematical sense. The words may never have been used in this sense, or 

perhaps only under certain circumstances. For example, in Burmese, there are a vast array of 

number classifiers (Burling, 1965) for use in different situations. The evaluation of logical 

systems in terms of Aristotelian logic is another example (Gay & Cole, 1967). 
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The Mathematical justification for colonising is the 'Getting to Essentials' principle, i.e. the 

stripping of context is exactly what mathematics is about: it is the quantitative or relational 

essence which is being sought in a Mathematical investigation. Given a Realist philosophy 

this justification is even stronger: practices from other cultures are interesting only in so far as 

the 'real' mathematics can be found. And in general it will be found because there are 

widespread pre-Mathematical activities (Bishop, 1988a) which provide common experiences 

which can be described in Mathematical terms: these must be mathematics in a self-

referencing circle. 

What is forgotten in this justification is that mathematics has a context, namely the 

Mathematical one, expressed through the language and symbolic conventions of its host 

culture. In stripping away other contexts, what is really happening is that they are being 

replaced by Mathematical ones. 

The same process occurs within mathematics. The re-interpretation of Cauchy's work on 

infinitesimals (see Section 5.4 below and Lakatos, 1978, Chpt 3) shows how an eminent 

mathematician was working with one theory of the continuum, and most others were working 

with another theory. The second theory has come to dominate modern mathematics, and so 

Cauchy's work is now described as 'mistaken'. In other words his use of 'continuum' and 

'infinitesimal' is given a meaning different from Cauchy's meaning, and his work is thus 

evaluated. 

The sociological justification for colonisation is one of superiority. By implying that any new 

ideas are merely reformulations of ideas already part of mathematics, the source of the new 

ideas is maintained in an inferior position. Thus cultures which do not have counting words 

beyond 50, say, are demonstrated to be less Mathematically sophisticated. It is from such 

notions that the idea of primitive cultures arise (Stigler & Baranes, 1988). 

The counter-mechanism for colonisation is to describe the Mathematical idea in cultural 

terminology. For example, if the results of other mathematicians was described in Cauchy's 

terms, then their theorems would be 'obviously' mistaken. If English counting numbers are 

used in some other languages, their descriptive paucity would be a drawback, not a virtue. 

Subsumption - "That's Just an Example" 

Subsuming Mathematical ideas does not involve translation of the idea into new terminology, 

it relegates the idea to the status of an example. Like colonisation, the implication is that the 

idea is not new; unlike colonisation, the idea is not even regarded as mathematics itself, just 

as an example. Examples are interesting, and educationally illustrative, but they are not 

worthwhile in a Mathematical sense. This is 'artefact' mathematics. 
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An example of this mechanism is the identification of certain types of decoration as strip 

patterns exhibiting symmetric groups. For example, the Maori kowhaiwhai (rafter) patterns in 

fig. 11 are used in school publications to teach transformation geometry. 
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fig 11: Kowhaiwhai - Maori Rafter Patterns 

from Buck (1982) 
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The result of this process does not necessarily strip the mathematical idea of its cultural 

context. On the contrary, the retention of its cultural surroundings is exactly what is required 

when this occurs in an educational context. But the effect is to reinforce the idea that a 

cultural context can only be an example of mathematics, it is not mathematics itself. Any 

deep mathematical idea behind the artefact is now even less likely to be examined. 

The Mathematical justification for subsumption is the Unification principle. Mathematics 

provides powerful ideas for solving a variety of situations. Therefore any links which can be 

made between ideas, or identification of a known idea in a new situation, provides another 

opportunity to apply and develop known results. This is an important means by which 

mathematics proceeds. The danger in the process is that the new situation comes to be seen 

solely in that light. 

The sociological description of subsumption has to do with establishing status. If one idea is 

accepted as an example of another, then the example is relegated to a lower status, and its 

originating context is deprived of the intellectual credit. The unconscious power of this effect 

is evident when the counter-mechanism is applied. 

The counter-mechanism for subsumption is to describe the mathematical idea as an example 

of the cultural one. For example, transformational symmetry is but one of the pattern 

components of kowhaiwhai design, there are also symbolic symmetries, ordered asymmetries, 

colour balance, and so on. The way these are integrated is likely to be a more important 

mathematical idea behind kowhaiwhai design than just transformation concepts. 

Appropriation - "That's What I Really Meant" 

Appropriation of new ideas acknowledges the differences or novelty in the ideas (unlike the 

two mechanisms already mentioned), but makes the assumption that they form a (previously 

unrecognised) part of an existing Mathematical structure. This is done in two ways, either by 

regarding the new idea as an new category in an existing hierarchy, or by creating a new 

generalisation under which existing mathematics and the new idea will both fit. 

In this process the new idea will lose its cultural characteristics, and the existing 

Mathematical concepts may change, although the names will stay the same, for example 

'logic' now includes multi-value logic although it originally meant Aristotelian logic. The 

appropriation effect now becomes clear: it is assumed that Aristotelian logic provided the 

foundation for today's logic, when it only provided the etymological origins. 

A cultural example may be provided by the seafaring skills of Pacific navigators. One of their 

well-documented skills (Gladwin, 1970, p170-4; Lewis, 1975, p90-3) is to use the pattern of 

  

239 



  Ethnomathematics 

swells on the ocean to maintain a course, simultaneously monitoring the swells from several 

directions. The problem of discriminating component waves from the resultant is easily 

describable using the language of mathematics, and is a familiar problem when the waves are 

all from the same direction. There has been little work done on the problem of multi-

directional wave analysis, but mathematicians have no difficulty discussing it and accepting it 

as a problem in mathematics, quickly generalising the familiar Fourier description to several 

directions, conceptualising the difficulties of analysis, and identifying possible solution paths 

(from a discussion with Colin Fox, Applied and Computational Mathematics Unit, 

Department of Mathematics, The University of Auckland). 

The Mathematical justification for appropriation is the Generalising principle, i.e. under an 

assumption of universality, it is always possible to obtain a Mathematical idea of greater 

generality to bring together previously unrelated concepts. Generalising usually involves 

greater abstraction, and the mechanism provides a way to reapply existing knowledge to new 

situations. The danger with this process is that once a generalisation has been made it is more 

difficult to perform a different generalisation. The assumption of universal structure mitigates 

against finding other abstractions once the idea has been fitted into one satisfactory hierarchy. 

The sensation of a universal structure is thereby enhanced. 

The sociological description of this process is one of devaluation. Appropriation of an idea 

removes its originality even though its novelty is acknowledged. By incorporating the new 

idea into a structure which is defined to be mathematics, the strength of mathematics is 

enhanced and the contribution of the culture is diminished. Multi-directional wave analysis 

would be an extremely complex problem to solve. When and if it is solved it will be a success 

for mathematicians. The skill of Pacific navigators will not be enhanced in anyone's mind, 

that will remain a non-Mathematical skill acquired in practical ways. 

The counter-mechanism for appropriation is to abstract related mathematical problems in the 

terms of the new idea. For example, uni-directional wave resolution must have been part of 

the navigators skill as swell patterns merged around islands. How was this effect identified 

and analysed by the navigators? 

Isolating Mechanisms 

Isolating mechanisms keep out new ideas by labelling them as something other than 

mathematics. The effect of this is to retain mathematics as a field which is stable and 'true', by 

not allowing other forms of 'truth' to be called mathematics. 

This can be successfully achieved because the arbiters of mathematics are mathematicians 

themselves. There is no way in which society in general can tell mathematicians what their 

field is like. There are also divisions within mathematics itself, and these demarcation 
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disputes are familiar to many academic disciplines. The rise and fall of Departments of 

Applied Mathematics, Operations Research, or Logic and Philosophy are evidence of these 

forces at work. 

The three examples of isolating mechanisms described here are labelled non-recognition, 

dismissal, and compartmentalisation. 

Non-Recognition - "That's Not Mathematics" 

Non-recognition is the rejection of an idea as having anything to do with 'proper' 

mathematics, or with mathematics at all. The new idea is placed outside the borders of 

mathematics by those who have the power to make such definitions, e.g. journal editors, 

appointment committees, or curriculum designers. 

An example of this operating within mathematics is the attitude of Western mathematicians to 

much of the mathematics originating in the East. Joseph (1991) and Berrgren (1990) have 

documented how mathematics from India and medieval Islam has been rejected as 'real' (i.e. 

rigorous) mathematics. The results are accepted, but only after they have been 'proven' in an 

acceptable (Western) manner. Until that happens they are (merely) conjectures, and when 

they are proven, or analysed, they carry the name of the Western mathematician who did the 

work: hence Pascal's Triangle, Pythagoras' Theorem, etc. 

An example of the subtlety of the circularity of this mechanism is the way that the number of 

new theorems (i.e. conventionally proven statements) is taken as the ultimate measure of 

mathematics (Davis & Hersch, 1981, p20-25). People who do not (or did not) prove theorems 

(e.g. those doing mathematics in the East) are therefore not mathematicians. 

The Mathematical justification for non-recognition is the maintenance of purity and the 

importance of convention as a basis for Mathematical knowledge. How can mathematicians 

be sure of their results if there are a variety of foundations for the acceptance of mathematics? 

Both at the higher levels of mathematics (where, for example, the correctness of a proof is 

often debatable (Epstein & Levy, 1995)), and at school level (where experimenting with 

concrete materials is a pre-Mathematical activity) the borders of mathematics are defended in 

the interests of maintaining rigour and sophistication. The danger of any boundary is that 

material which could be of interest is excluded. 

The sociological justification for non-recognition is boundary-setting: only by establishing 

the boundaries of a discipline can those within it control their own activities. To the extent 

that boundaries are undefined, other considerations can upset the edifices which have been 

established: the standards of rigour for proof, or what constitutes Mathematical 

understanding. 
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The counter-mechanism for non-recognition is a common ethnomathematical technique. It 

involves making the contrary statement: "this IS mathematics", and exploring the possibilities 

which are thereby opened up. There are two directions this can go: either to investigate what 

it is about the new idea which could be regarded as Mathematical (e.g. the set theoretic 

structure of inheritance patterns (Ascher, 1991, pp72-6)), or, alternatively, to investigate what 

Mathematical ideas could be useful in illuminating the new idea (e.g. game analysis of Mu 

Torere (Ascher, 1991, pp97-108)). 

Dismissal - "That's Not Real Maths" 

Dismissal is a mechanism which recognises the Mathematical component of a new idea but 

makes it unworthy of consideration (possibly as a temporary measure until it has reached an 

acceptable level of sophistication). It has as much to do with social conventions as it does 

with mathematics, i.e. the new idea may not be described in acceptable terms, in an 

appropriate forum, or by someone of the required status, for acceptance. The effect is to 

devalue the new idea. 

An example occurred during the writing of this thesis. My colleagues in the Mathematics 

Department of my university showed interest in my collection of weaving and my 

demonstration model of triple-weaving, but did not regard it as mathematics. Then I gave a 

seminar in the Mathematics Department seminar series, and used some Mathematical 

symbolism and conventions to describe the weaving. During the seminar several 

mathematicians showed interest in the weaving, and have since offered to collaborate on a 

paper about it, and explore its underlying mathematics. By using the appropriate forum and 

language, triple weaving has become a legitimate topic for their attention. 

A more famous example is noted in the Preface to Hardy (1978) where C. P. Snow notes that 

Ramanujan's manuscripts which initiated the collaboration between him and Hardy (and 

which contained some of the best mathematics of the century) had been previously rejected 

without comment by two notable English mathematicians of the time to whom they had first 

been sent. 

The Mathematical justification for dismissal is the maintenance of standards. It is a way of 

ensuring that those doing mathematics meet certain requirements and levels of scholarship. 

Particularly for a subject as wide-ranging as mathematics, with as many practitioners as it 

has, the maintenance of high quality work is a problem. 

The sociological description is one of legitimisation. Social systems regulate themselves in 

various ways, from formal regulations to sub-conscious peer-pressure. The way in which 

mathematicians control their system has parallels in other disciplines, and in other 
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professional groups. For example Spengler's initial rejection by philosophers and historians 

(Hughes, 1952, pp90-92). 

The counter-mechanism is to draw out the parallels between the new idea and existing 

mathematics. This places pressure on mathematicians to either accept the new idea, or to 

acknowledge that some of what they accept as mathematics may not be legitimate. It is this 

strategy which is being employed when an ethnomathematician elaborates the mathematics 

'hidden' or 'frozen' in the cultural practice under consideration (Gerdes, 1988c). 

Compartmentalisation - "That's Actually Statistics" 

The last mechanism to be considered here is compartmentalisation. It recognises the 

Mathematical nature of the new idea (like dismissal), but places it outside mathematics 

proper, into a related discipline or a new field. This mechanism often carries inferior 

connotations, for example the 'number crunching' label attached to numerical analysis (the 

mathematics of computer methods) in its early years. Mathematical computing is a good 

example of an area which has established itself sufficiently to now affect the nature of 

mathematics itself (Epstein & Levy, 1995). 

Another important example is the applied mathematics/pure mathematics distinction (see 

Section 3.2). This boundary is a construct which can be brought into play when, for example, 

there is a dispute about a mathematics curriculum. The history of senior mathematics 

curricula in New Zealand is a good illustration. 

An historical example from outside mathematics is the work of Florence Nightingale. Her 

analysis of the causes of high mortality in field hospitals and maternity wards has never been 

recognised as a Mathematical achievement. It is now acknowledged to be a fore-runner to the 

development of statistics as a discipline (Cohen, 1984), but at that time, such a field did not 

exist. Locating it now as statistics is still to deny her work as a Mathematical achievement - 

which it was in her era. 

The Mathematical justification for compartmentalisation is mathematical growth. As the 

(enormous) field of mathematics continues to grow it must divide into subfields and 

associated disciplines. The effect is to preserve a unified whole for mathematics and the 

semblance of structure for the whole field. The danger is that horizontal connections between 

disciplines are less likely to be recognised. 

The sociological description of this mechanism includes empire-building. When setting 

careers and reputations it is necessary to carve out an area over which it is possible to have 

control - and this means stating that others' work is not like yours, as well as explaining how 

your work is not like others' (cf boundary-setting, above). 
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The counter-mechanism is to search for the horizontal links which are hidden by the 

compartmentalisation process. In the example of Florence Nightingale, it might be interesting 

to trace her connections with mathematicians of the time, and the people who were influenced 

by her work. Did any of them use her ideas in subsequent mathematics? How did her results 

impact on the public (or administrative) value placed on mathematics? 

Afterword 

This thesis has not attempted a full examination of the mechanisms by which new 

Mathematical ideas interact with mathematics. It has, however, been shown that there are 

identifiable mechanisms (which overlap in practice), and which can be justified as part of the 

way mathematics works. 

It has also been shown that these mechanisms have other effects, have their own dangers for 

mathematics, and can be viewed from a sociological perspective. Identifying these 

mechanisms provides an explanation for some of the techniques used by ethnomathematicians 

who are trying to investigate mathematical ideas in relation to mathematics. 

A more complete description of the mechanisms and their Mathematical and sociological 

perspectives would be a fruitful area for further study. It is likely that other perspectives may 

emerge which shed new light on the process of Mathematical change. 
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5 Illustrative Examples 

This chapter takes the concept of ethnomathematics elaborated in the previous one and 

applies it to four different areas of mathematical activity.  

The four areas are chosen to represent different aspects of the study of ethnomathematics. 

They are: weaving, navigation, sports statistics, and differential calculus. In each of these 

areas one aspect has been chosen to illustrate the potential of ethnomathematics to provide 

new insights. 

The first area, weaving, is common within ethnomathematical writing, and is a good example 

of a traditional skill which has retained concepts and practices alongside changes in cultural 

preferences, materials and technology. There is a large literature on weaving as a 

mathematical skill - both traditional hand weaving and modern mechanical weaving. The 

focus for this case study will be on weaving designs rather than weaving techniques: but both 

would be amenable to ethnomathematical investigation. 

The second example, navigation, is an historical example. Navigation has developed through 

many cultures and through much technological change. Traditional practices have died out 

and modern techniques have spread throughout the world. This domination of new ideas 

provides a good example of the mechanisms of interaction between ethnomathematics and 

mathematics. 

The third example is included as ethnomathematics in action. Contemporary examples of 

ethnomathematics are mostly restricted to the practices of tightly defined social or cultural 

groups isolated from society in general. The public display of sports statistics is a widespread 

phenomenon: e.g. graphs and statistics shown during televised international sporting events. 

It thus provides an example of ethnomathematics in which we are all participating. 

Furthermore, it illustrates clearly how opposing mathematical concepts exist at a deep level 

within the mathematics which is taught in our schools - that same mathematics which is 

presented as universal and certain. 

The final area is included to provide an example of ethnomathematics within the academic 

subject Mathematics. This, too, is an historical example but shows the mechanisms within 

mathematics at work. The repercussions of this example can be identified today in divergent 

practices and arguments within the professional mathematics community. 

Each area is described and related to the dimensions of classification of ethnomathematics, 

and each of the types of ethnomathematical activity is illustrated within that area, and the 

mechanisms of interaction which have been at play are described. Finally the possible 
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implications of ethnomathematical work in the area are examined, with respect both to 

mathematics and to mathematics education. 

This chapter provides material from which to draw together the research implications of 

ethnomathematics as characterised in the previous chapter. The final chapter details these, 

both for the practice of mathematics and for mathematical pedagogy. 
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5.1 Weaving 

Weaving is a practice which has been present in almost all cultures at almost all times. There 

is a recognisable commonality about weaving because of the limitations of materials and 

techniques. Woven baskets may be different shapes in different countries, but the technique 

by which corners can be formed are limited. It is not surprising that they tend to be similar the 

world over. Gerdes (1992a) illustrates this using triple weaving (where the strands come from 

three directions). There is only one way in which the strands may be woven so that the 

surface is without holes. Gerdes quotes examples from every continent, and notes that the 

similarity of the weaving is a function of the weave, not an indication of contact between 

cultures. 

The art of weaving is well documented in literature from almost every country, (for example 

in New Zealand: Puketapu-Hetet, 1989; Mead, 1968; Pendergrast, 1987; Phillips, 1923; 

Tuitubou, 1986).Weaving has also been the subject of many ethnomathematical studies, e.g. 

Zaslavsky (1973), Gerdes (1986b), Ascher (1991), Knight (1994b). It is as well to distinguish 

between traditional, hand-weaving, and loom-weaving; and also to distinguish between 

weaving designs and weaving techniques, although clearly all these things are related. The 

mathematical characteristics of weaving techniques have been explicit in the technical 

literature at least since power-looms were invented. For an early treatment which includes 

calculations of costs as well as design features see J. Watson (1873), for a more modern 

treatment see Worst (1974). In this example the focus will be on the designs of traditional 

hand-weaving. 

The basis of design analysis is especially useful as a first example because it demonstrates 

that ethnomathematics is not present in the surface features, but in the deep concepts of 

analysis. 

The various materials and types of weave generate a host of different designs. Within a Maori 

context, for example, there is taniko (using threads of several colours to create borders for 

cloaks - Mead, 1968), raranga (using strips of flax usually of one or two colours to make mats 

or baskets - Pendergrast, 1987), and kupenga (weaving involving sticks and flax to create nets 

or traps - Buck, 1982). 

In what follows one of the concepts behind triple weaving design is investigated (see Gerdes, 

1992a), and the differences from accepted mathematical practice are shown. Triple-weaving 

is weaving in which the strands come from three directions to form a total covering  
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Strand Analysis 

Consider the four patterns illustrated in fig 12. Each is an example of a triple weaving pattern. 

The reader is invited to spend a few moments deciding which patterns are of the same type, 

i.e. make a simple categorisation of these four designs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig 12 Four Triple Weave Patterns 
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Triple weaving occurs in many parts of the world - Gerdes mentions examples from 

Mozambique, Brazil, India, Laos, China, Japan and Indonesia (1992a). The designs above are 

illustrative of the many designs found on Malaysian food covers - common tourist items in 

many parts of South East Asia. The interesting feature of these four patterns is that, from the 

point of view of weaving, three of them should be categorised together: namely A, B and D. 

Pattern C is quite different. 

In this type of weaving it is usual that the order of colours of the strands is the same in all 

three directions. In patterns A, B and D this order is white/white/black. The patterns change 

as the strands in the three different directions interact. The weaving is identical, it is the 

displacement of the white/white/black strands one space right or left which gives a different 

pattern. Pattern C is a pattern obtained from an alternating white/black order of strands. It is 

possible to take this analysis much further, abstracting the patterns and their formation and 

setting up theoretical structures (Barton, 1995). These structures are readily identified as 

mathematical. 

The point of this discussion is that a strand analysis of these patterns gives different results to 

those obtained from a symmetry analysis. For example, in symmetry analysis patterns A and 

C would be categorised together as having 3-fold rotational symmetry, and all four patterns 

have different line symmetry. There is, however, cultural evidence that strand analysis is a 

recognised basis of discourse. The New Zealand Maori weavers use the word whakapapa to 

describe the way strands are set up prior to weaving (Michael Pendergrast, Auckland 

Museum, personal communication). Their two-dimensional basket and mat weaving 

encompasses a multitude of patterns which are described in terms of their whakapapa. 

Several designs with the same whakapapa but different overlapping sequences will be given 

the same generic name. For example, the patterns in fig 13 are all referred to as patikitiki, 

although their similarity is not immediately obvious to non-weavers, even when one knows to 

look for the order of strand colours. 

The mathematical difference is neither in the basket, the food cover, nor the abstracted 

patterns with which they are decorated. The difference resides in the process of analysis, in 

the basis of the language used to describe the pattern, and in the resulting classification. The 

same patterns are conceived differently depending on the background of the observer. It is not 

suggested that strand analysis can be equated with symmetry analysis of pattern. Symmetry 

has a wide sphere of application, whereas strand analysis is restricted to weaving. However 

strand analysis does give results different from those offered by symmetry analysis. That is, 

strand analysis is not a subset of symmetry analysis: it is different in a significant and 

mathematically meaningful sense. 
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fig 13 From Pendergrast (1984) 

Note that strand analysis is based on constructive technique, i.e. on the actions of the weavers 

in doing their work. This raises the same question about symmetry: to what extent did 

symmetrical analysis arise from the act of making designs? In other words, to what extent did 

this branch of mathematics depend on the experiences of the people involved in it? And, in 

general, to what extent does the process determine our conception of reality? 
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Levels of Ethnocentricity 

The way in which we are 'set' to view pattern can lead to a cultural blindness in many ways. It 

does not just give us a different categorisation. For example the following photograph appears 

in an American book on weaving (Harvey, 1975): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig 14 Weaving Designs from Harvey (1975) 
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But these designs are oriented 'wrongly'. Anyone familiar with this kind of weaving sees the 

weaving as it is constructed, i.e. as two sets of strands combining diagonally. The working 

edge is at an angle of 45° to the direction of the strands: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig 15 A Basket being Woven 

If the weaving is viewed in the way cloth weaving is constructed, i.e. longitudinal warps 

crossed by horizontal wefts, then many of the characteristics and possibilities of pattern are 

lost. Of course, one method is not 'right' and the other 'wrong'. One method is, perhaps, more 

appropriate in a particular cultural context. However each method contributes something 

different: they are mutually exclusive in some way. What other aspects of pattern are being 

lost because of our cultural blindness? 
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Weaving as Ethnomathematics 

Ethnomathematical Classification of Weaving 

Weaving is usually associated with ethnic or national groups rather than social ones. However 

it can be found in all types of groups, and it is analysed both as a feature of particular groups, 

but also in general. One of the interesting aspects of this example is that the 

ethnomathematical feature crosses these group boundaries (but not the boundary with 

mathematics). Weaving is also found at all places along the Time dimension of 

ethnomathematics (see, for example, Kent, 1985). Strand analysis of patterns dates from long 

ago, but it is still relevant for weavers working in the present. 

The analysis of weaving designs is not part of conventional mathematics. Features of weaving 

design have been related to conventional mathematics: Gerdes (1988c, p149) uses it to 

discuss Pythagoras' Theorem and the construction of polygons, and triple weaving designs 

can be paralleled with discrete geometry (Barton, 1995). However the concepts of strand 

analysis would be seen by mathematicians as concepts to which mathematics may be applied, 

rather than mathematics itself. Thus on the Internal/External dimension, weaving is at the 

External end. 

Placing weaving on these dimensions brings into focus the aspects which are important for 

ethnomathematics: the universality of the weaving concept of strand analysis; the way in 

which weaving has been isolated from mathematics although it has itself become more 

sophisticated throughout history; and the mechanism by which weaving remains excluded 

from mathematics. 

Ethnomathematical Activity with Weaving 

How can each of the four types of ethnomathematical activity be illustrated within strand 

analysis of weaving designs? 

Descriptive activity is what has been done above. This involves identifying the concept 

involved, and different types of pattern which illustrate it. In this case the concept is that 

design is categorised by the way in which the strands are initially set up: it is almost essential 

to use the language of the weaver to do this. 

The archaeological activity associated with this example would be the investigation of how 

these concepts arose - and this would almost certainly be tied in with language development. 

The investigation might include the cultural significance of design categories, and the extent 

to which weavers' practice has been defined by particular design types. The mathematical 

archaeology in this involves tracing the symbolic or abstract use of these design types, and 
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the extent to which different types were recognised as relating to each other. To what extent 

were these design categories imposed by the material or techniques of weaving? To what 

extent were they recognised or used outside of a weaving context? 

Mathematising activity has already been referred to in the work of Gerdes (1988c), Knight 

(1985a) and Barton (1995). In the latter case a categorisation of shapes was obtained using 

strand analysis and the transformations involved in shifting from one shape to the next. The 

resulting mathematical structures can be interpreted as finite geometries. Does this imply that 

weavers do finite geometry? It seems not, but their activities need to be matched, not against 

a conventional mathematics curriculum, but against the processes described in Section 3.4. 

Until they are shown to fulfil those requirements, then weavers are mathematicians no more 

than mathematicians are weavers. However an investigation into the relationship between 

these weaving concepts and existing mathematics, and into how weaving can be described 

using mathematical processes, may give rise to new mathematics. 

Analytic activity in the case of weaving design would be to examine the limitations of the 

concept. What designs are excluded from such analysis? What other designs not in existence 

could be included? How might the concept be re-applied to other weaving or related areas? 

How might the mathematics of the situation be re-applied in other areas? What possible 

symbolisms or abstractions can be seen? Are there any clues for other cultural concepts not 

yet identified? 

Mechanism of Interaction 

Weaving patterns have mainly been the subject of the universalising mechanisms of 

colonisation and subsumption, and the isolating mechanism of non-recognition. The patterns 

possible in weaving, even 2-dimensional weaving, are usually limited to triangular, diamond 

and rectangular shapes (although combinations of these can be formed into curves), and even 

those are restricted in their angles and proportions. Thus, when such patterns are analysed 

according to geometrical and symmetrical criteria, it is often a trivial matter. Those criteria 

were designed to apply to shapes in an unrestricted domain. In terms of the mechanisms 

described above, the weaving patterns are colonised because they are seen as examples of 

symmetries, and then they are subsumed (and devalued) because they turn out to be simple 

shapes in those terms. 

If strand analysis is suggested as an appropriate basis for pattern analysis, this can be rejected 

because it only applies to patterns constructed with strands woven together. The complex 

meaning system of the weavers is not recognised as mathematics. 
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Implications of the Ethnomathematics of Weaving 

Implications For Mathematics 

The recognition of strand analysis of weaving patterns raises the question of higher levels of 

cultural difference within mathematics. 

Within this context, shapes can be systematically and usefully organised in a way which does 

not relate to the accepted 'mathematical' classification of symmetry. Furthermore the 

alternative system is abstracted and can be used to develop new shapes or to discuss problems 

of shape construction. Not only is this an example of an alternative spacial meaning system, it 

also shows how cultural difference resides in conceptual frameworks.  

If it is the analysis rather than the object which carries the cultural component of 

mathematical activity, then what does that imply about discussions in meta-mathematics? 

Perhaps there is also cultural difference in the way we talk about analysing, abstracting, 

proving, or applying mathematical ideas? Such questions have already been raised - see, for 

example, discussions of the cultural nature of proof in Joseph (1992), Berggren (1990) and 

Turnbull (1991). Joseph and Berggren discuss the way in which mathematical results were 

understood to be true in the first millennium in Asia; and Turnbull asks whether it is possible 

to have abstraction without written symbolism. 

Implications For Mathematics Education 

Weaving is not, currently, highly mathematised. It is clear, however, that there is potential for 

mathematical activity within this craft, and those familiar with it have an opportunity for 

original and creative mathematics at elementary and advanced levels. The excitement of this 

possibility could be a highly motivating factor for many mathematics students. Such 'deep' 

motivation is considerably more valuable than the commonly assumed motivation of working 

in a familiar area. 

But it is the 'message in the medium' which is the most valuable in educational terms. 

Studying systematic mathematical concepts which are alternatives to recognised mathematics 

highlights the way in which the subject is created by a discourse, and is subject to social and 

cultural forces. Furthermore, it raises questions about which mathematics is valued (and by 

whom), and how academic mathematics can be used to create hierarchies in our society. Any 

learner/user of mathematics (like any other subject) must learn the consequences of their 

knowledge. 
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Implications For Weaving 

It is possible to imagine that weavers and mathematicians may benefit mutually from a 

discussion of the ethnomathematics of weaving. The mathematician, having recognised the 

mathematical structure of strand analysis may be able to provide information about all 

possible patterns for given strand settings, and the limits of particular weaving types. It is 

likely that weavers would be interested in relating the systematic results to their conventional 

wisdoms and deep experience of their craft. 

A mathematical analysis may also provide the means by which the discourse of weaving can 

be applied across different weaving conventions, and into parallel areas of craft or discourse. 
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5.2 Navigation 

The Received History 

The development of mathematical models of navigation has been one of increasing 

differentiation: where once the weather, directions, sea conditions and coast were an 

integrated system of knowledge, there is now a collection of highly developed sciences: 

meteorology, positional navigation, oceanography and cartography. This is reflected in the 

etymology of the word 'navigation' (through Latin, past participle of navigare: to drive a 

ship). Compare this with the current meaning which refers only to finding one's position. 

The accepted history of navigation acknowledges the many skills of ships' captains and their 

"men of knowledge" sailing in most of the world's oceans up to 4000 years ago. The history 

records: the first use of maps (probably the Greeks in the first century BC although sailing 

directions (periplus) were common well before then); the development of instruments for 

observing the elevation of sun and stars (and hence determining latitude); tide charts; the 

development of lode-stones and compasses (although lode-stones were known up to two 

centuries BC, the compass is not recorded as a sailing instrument before the Crusades); the 

search for accurate marine clocks (including a large sum of money for the first one of 

sufficient accuracy and the establishment of the Board of Longitude in Britain); and the use of 

radar and satellite systems. It is now possible for blue-water yachties to use a hand-held, 

battery powered receiver which gives them an immediate digital readout of their latitude and 

longitude to an accuracy of a few metres. 

At the conclusion of Collinder's history (1954), there is a flight of imagination in which a 

modern ocean-going yacht takes on board an old Arab sea-captain who navigated during the 

Great Flood. Modern navigational aids are explained to the old man in terms he understands, 

i.e. by relating them to techniques and equipment which he would have used. The old man's 

amazement is recounted, but, he concludes, "My boat is smaller than yours and does not need 

all these wonders." The implication is that old sailors did not need the sophistication of 

modern navigational aids, that their methods were sufficient unto their needs. 

But perhaps the old man would have been amazed for other reasons? Perhaps he would 

wonder at the effect of these new technologies on the art of sea-faring, perhaps he would have 

seen those things which had been lost from that art because particular instruments had 

developed? Perhaps he would have had a wish-list of aids which is quite different from the 

aids which have, in the event, been invented? 

These different views of the parable illustrate the different perspective of the relativist 

philosophy outlined above. The ethnocentric view of the wonders of modern navigation 
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systems is countered by a recognition that the development may have been different, indeed 

may yet be different in the future. 

The sea-farers of old (and of different cultures) navigated using different assumptions. 

However, as equipment developed to better locate oneself, the early navigation methods 

became judged using the criteria of accuracy of position, were found wanting, and were 

consequently discarded. It is instructive to ask whether modern techniques (e.g. satellite 

systems) would be useful if judged on some of these different assumptions? For example, 

Micronesian sea-paths do not always cover the same ground: they depend on weather, seasons 

and sea conditions. Thus knowing exact position on a imaginary grid is not useful 

information. The development of mathematical navigation proceeded along one particular 

line out of many possible lines. Some of those discarded methods may well have developed 

into modern mathematical systems which would have been just as effective in terms of "ship-

driving". 

The Changing Concept of Navigation 

In the history of navigation there have been changes in the idea of what it is to navigate. The 

change mentioned from an integrated body of knowledge and skills to more specialised 

collections of knowledge and technology (but concentrating on the positional knowledge 

afforded by astronomical observations), has been a gradual development. The old art of 

haven-finding has transformed into the technology of nautical astronomy. For early 

navigators the well-known winds and sailing destinations were used to name directions, stars 

were used as path-finders rather than position fixers, the plumb-line was used to determine 

depth but also had tallow attached to show what the sea floor was like. 

Part of this change is the criterion for good navigation. Proximity (nearness to land), 

familiarity (nearness to known conditions), or reckoning (nearness to known paths) were all 

valid measures of navigation. They have all been replaced by location (nearness to known 

position). A modern ship's captain reported to me that the mathematics of positional 

navigation (i.e. the calculations involved) have never been very difficult. The main problem 

has been gathering accurate data in difficult sea conditions. But this only applies if you are 

interested in position fixes. If, on the other hand, you are interested in reading the sea to 

determine your path, or determining proximity to land, then sight is not always needed. 

Kyselka (1987) and Thomas (1987) report Micronesian navigators using the feel of swells to 

maintain a correct path, Collinder (1954) notes the use by Spanish fishermen of the taste of 

mud attached to plumb lines to determine proximity to land. What would have happened if 

the technological development had concentrated on these aspects of navigation? 
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It is true that position lines have always played a role in navigation. Early sailors in most 

regions are recorded as using sightings on promontories to determine their position, the 

direction to begin voyages or the entrance to a channel. Such place-lines became augmented 

by bearings (where the compass rose replaced promontories) and later altitude lines 

(latitudes) where the sun, moon or stars became the reference points. Clearly these habits led 

to the development of an intersecting position-line for latitude (i.e. longitude). What limiting 

effect did this have on the use of position lines? Promontories (or lights, or the modern 

equivalent of radar) are still used for entering harbours. 

This change in the meaning of navigation can be expressed as a change from other-

centredness ("Where is the destination?") to self-centredness ("Where am I?"). 

A second change is that from an oral culture, where navigational skills are memorised and 

passed from person to person, to a written culture where knowledge is written in books, maps 

and tables, and is passed on independently of those who wrote it. 

Collinder (1954, p25) refers to the secrecy of navigational knowledge in early times, and 

attributes it to the need to have an advantage over enemies or competitors. But in an oral 

culture the greatest danger is not from enemies, but poor memory or inaccurate transmission 

of knowledge. If everyone has access to knowledge then the chances of inaccuracies are 

vastly increased. If it is retained by a trusted few, and only passed on under stringent 

conditions of testing and confirmation, then accuracy is preserved. 

The result is a close association between the knower and the knowledge. Such an association 

gets progressively distanced as the ability to draw and write improves. The need for a ship's 

master changes from "I need a navigator" to "I need navigation". In those sea-faring cultures 

where oral systems remain, the navigator is the centre of social organisation. Kyselka's stay in 

Micronesia records such a society in detail (Kyselka 1987). 

A third change is in the 'nature' of ships and shipping. Collinder claims that navigation comes 

into being with the ship. Because kayaks, canoes or coracles can go as close inshore as they 

like and can be steered off, and because they are not used to make journeys of more than a 

day's length, Collinder infers that they do not need navigational knowledge. Larger ships 

require such knowledge because they are often out of sight of land and cannot always be 

recovered if they get too close inshore. 

In fact kayaks and canoes often make ocean voyages and sail out of sight of land. Just 

because large ship navigation has dominated development, it does not mean that small ships 

do not navigate. This is an example of the colonisation of an ethnomathematical system as 

described above. 
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Another difference is that trade shipping requires particular harbours as destinations and exact 

berthing facilities. Polynesian navigators seek a whole island and any beach provides 

berthing. 

Navigation Systems 

David Turnbull (1991, p23), when considering Micronesian navigation, asks the question: 

"What is a navigation system"? Some characteristics are: it should be symbolic (and therefore 

transmittable); it should be manipulable (and therefore adaptable); it should be generalised 

(and therefore non-localised); and it should be open (and therefore innovating). Gladwin 

(1970) describes the system of navigation on Puluwat atoll. His (and others') descriptions 

were further analysed by Hutchins (1983) in a way which made it clear that these 

characteristics are met. To quote Hutchins "The Micronesian technique is elegant and 

effective. It is organised in a way that allows the navigator to solve in his head, problems that 

a Western navigator would not attempt without substantial technological support" (p223). 

Another question is: on what basis can we judge or compare navigation systems? By 

considering historical methods and navigation systems from other cultures (e.g. Micronesia) 

it is possible to come up with criteria like accuracy, consistency and explainability. However 

it is important to see that even these criteria are relative. For example, accuracy depends on 

what you are trying to find. Positional accuracy is different from path accuracy or proximal 

accuracy. 

It is possible to step outside the ethnocentricity of modern navigation both at the level of 

practice and on a meta-level where different systems can be judged according to their own 

criteria and can be seen to be valid simultaneously. This raises the question of what other 

mathematical systems can also be simultaneously acknowledged? Can rationality itself 

depend on culture? 

Navigation and Ethnomathematics 

This sketchy review of the history of navigation has illustrated the way that an alternative 

view can challenge conventional assumptions - more than that, it transforms navigation into 

something new. As an ethnomathematical study it would be interesting to re-look at 

traditional Pacific navigation as a mathematical system. Indeed as this is being written 

(22.3.96) there is a six-week seminar on Pacific navigation being conducted across the 

harbour from my study window, and my morning ferry ride crosses paths with double-hulled 

canoes plying the Hauraki Gulf. 

On the three ethnomathematical dimensions the study would be: PAST, EXTERNAL and 

ETHNIC GROUP. Descriptive activity is illustrated by Kyselka (1987), archaeological-
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analytic activity is illustrated by the seminar, mathematising and synthetic-creative activities 

are yet to be attempted. The traditional navigation techniques have been isolated over the last 

hundred years through a process of dismissal - it will be curious to see whether the current 

renaissance of interest manages to bring about a change of heart. 
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5.3 Sports Statistics 

An example of a different cultural conception in mathematics originating in contemporary 

Western culture is the use of sporting statistics. The way that statistical ideas are being used 

in sport represents a different type of analysis from the statistics which is taught in schools. 

The sporting culture has much in common with Western culture, including historical 

influences of mathematics, thus we would not expect the shift to be very great. But it is 

discernible, and the basis for analysis can be seen to be significantly different. 

This example is limited because sports statistics has not yet become a system in itself, it is in 

the process of developing (and may not ever reach that status). It is impossible to anticipate 

an historical branching before it occurs, but it would be interesting to identify and monitor 

one as it happens. That is what is being attempted here. 

It is argued, however, that sports statistics highlights a meaning system division within 

theoretical statistics. This is a real division between Bayesian and Frequentist views and is 

briefly described in Section 4.3. 

What Is Sports Statistics? 

Consider the statistical analyses which are flashed across our TV screens during the progress 

of a sporting event: for example one-day cricket, netball, rugby league, or soccer. 

In one-day cricket such data includes run-rates for batters and strike rates for bowlers. 

Graphical representations are given of progress and comparisons of the two innings, and a 

discourse is developing around these 'manhattans' and 'worms'. They have particular 

characteristics and abnormal examples are readily recognised informally. Worms are not just 

data representations, they characterise visually the tactics of a team batting second, so it may 

be acceptable to have a worm which falls below the worm of the first team, depending on the 

stage of the game, wickets in hand, the relative amount it is behind, and the weather. 

Netball data includes, possession, percentage of goals made by the goal shoot and goal attack, 

goal difference at various stages of the game and numbers of turnovers. League data includes: 

territory held, tackles in opponents' territory, number of tackles made by individual players, 

goal shooting rates by kickers, handling errors, and penalty and scrum counts. Soccer data 

similarly includes territory and possession held. 

To get at the basis of the analysis it is necessary to look at the characteristics of these 

statistics: they are mostly rates rather than measurements; they describe a state rather than an 

object such as a population, they are in continuous, cumulative change rather than being static 

  

259 



  Illustrative Examples 

descriptors; they are temporary; and they are supposed to be predictive indicators of an event 

in the future. 

Because they are predictive, the interest is in both the probability of the event occurring (as in 

traditional statistics), and in the reliability of the prediction (or the weight of that particular 

statistic). 

The purposes of these statistics are threefold: to predict the end result, to explain a current 

state of a game, and for use in training or developing tactics. For the television viewer the 

main objective is the prediction of the game outcome. The prediction itself varies in 

importance through the game - we are aware that it is strongest in the third quarter of the 

game, and it is of absolutely no consequence after the event - i.e. the actuality of the event 

makes the statistics irrelevant. The explanation of the current state of the game is of more 

lasting purpose, and may be remembered after the game, as is the use of these statistics for 

training purposes. 

Which Statistics? 

It is possible to characterise sports statistics using the definitions of statistics given in the 

dictionary or by current statisticians. However, just because you can describe sports analysis 

in those terms, does not mean that the present conception of statistics is appropriate for that 

analysis. The conception of statistics of the people who develop, use or read sports statistics 

may be quite different. It is necessary to see which description of the statistics may be more 

accurate, or at least more plausible in their terms. 

Sports statistics may be described as more Bayesian than Frequentist. This distinction lies in 

the foundations of statistics, and is strongly debated amongst working statisticians (see a brief 

description in Section 4.3 above). Frequentists work with a conception of probability based 

on long-run frequency. For example, if a coin is tossed many times then it will come up heads 

about half the time, hence the probability of coming up heads on any single time is a half. 

Bayesians conceptualise probability in a different way. For them each event is a separate 

instance, and there may be many pieces of information which we know in advance which help 

to determine the particular probability which applies to that event. In this conception the 

probability is a variable, and, in particular, it may change if new information comes to light. 

A frequentist interpretation would be to think of the outcome of one game as one member of a 

population of encounters between two teams. But this does not make intuitive sense, since the 

exact conditions of any game will never be repeated. On the other hand, it does make sense to 

regard each game as a unique event about which we have some prior information, and, as the 

game proceeds, the prior information is modified to give us new probabilities for the 

outcome. This is a Bayesian conception. However, the traditional, frequentist, views are 
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behind school statistics - the only statistical background experienced by most of those in the 

sport leisure culture. 

The Ethnomathematics of Sports Statistics 

This brief ethnomathematical description of sports statistics points to the existence of 

informal Bayesian concepts at use within the genre. An archaeological study could be used to 

reveal more information about the prior probabilities calculated by sports viewers. In 

particular the strategies by which prior probabilities are initially constructed, and then the 

way in which they may be affected by argument or particular events. The way in which prior 

probabilities are known is a continuing problem for Bayesian statisticians, and could be 

helped by this study.  

It is possible that mathematisation of the process of constructing prior probabilities for sports 

events could lead to new, better methods for game analysis. For example, there appears to be 

an opportunity to develop a theory of prediction. Consider a predictive statistic such as 

territory held. The change in this statistic is cumulative and therefore the rate of change 

declines with increasing time. The change causes it to be both more useful - a statistic in the 

first five minutes of a game is not as useful as one after the game has been going for some 

time - and also less useful - the statistics are of sharply decreasing interest as the game draws 

to a close and the result is virtually known or it depends on the run of play in the last few 

minutes. When are these statistics most useful as predictors? This is not simply a matter of 

the accuracy of the prediction. Clearly, the predictive accuracy of the statistic is increasingly 

good as the game proceeds (in most games). But it is not its predictive accuracy which is of 

concern - it is the predictive usefulness. For example, the predictive usefulness will drop off 

as soon as the result is reasonably sure, although the accuracy of the prediction will increase. 

The usefulness would be greatest early in the game, when we wish to predict the measure of 

one-sidedness which is likely to occur. 

Analytic activity in sports statistics would involve asking what statistics are liable to be the 

best predictors, and/or the best guides in training or coaching or future strategy. Further 

questions would need to be asked about the basis on which these decisions are made. 

The application of mathematics to leisure activities is an example of breaking the accepted 

traditions of the purposes of mathematics education. Mathematics carries the value of 

technological improvement, not enhancement of leisure interest - and this example returns 

mathematics to being an art form: to present the quantitative data in an interesting fashion 

which enhances the watching of sport. What would be the consequences of allocating jobs on 

the basis of the ability to predict the results of sporting events? 
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5.4 Differential Calculus 

The development of calculus is a well-documented episode within the history of mathematics 

(see, for example, Boyer, 1959; Edwards, 1979; Grabiner, 1981). It is also an example which 

is often sited in the arguments surrounding the nature of mathematical discovery (Lakatos, 

1978, Chpt 3) and in the Crowe-Daubin debate (Gillies, 1992a, Chpts 5, 7 & 8). The 

development of calculus is used here to illustrate an ethnomathematical study within 

mathematics, and the way in which it is different from an historical account. 

Perspectives on the Development of Calculus 

The priority disputes between Leibniz and Newton regarding the invention of differential 

calculus are famous well beyond mathematical circles, and are not described here. What is 

done is to review three reassessments of the history of calculus: Grosholz' conception of the 

true nature of the role played by Leibniz (Grosholz, 1992); Giorello's description of Newton's 

paradigms (Giorello, 1992); and Lakatos' treatment of non-standard analysis (Lakatos, 1978). 

Each of these reassessments can be viewed as a source for ethnomathematical investigation, a 

view which has a slightly different emphasis from the historiography which is described. 

Hybrids: Leibniz' Contribution 

Most mathematical history can be termed reductionist, i.e. the focus is on the identification of 

particular contributions of various players to a unified development of the subject. Thus 

particular theorems or results are located and their importance debated. Much of the history of 

calculus is of this kind. Grosholz (1992), however, analyses Leibniz' contribution to the 

development of calculus using a different schema. This schema concentrates on the way in 

which different mathematical domains share structures, and the way in which mathematicians 

use those structures, or bring them together, to create new conceptions. 

The thrust of Grosholz' argument is that Leibniz, more than any other mathematician of the 

time, changed the nature of mathematics because (Grosholz, 1992, p118): 

... the alterations in the persisting ingredient fields are especially deep as a result of his work, and 
the hybrids especially conspicuous, unexpected, and promising. 

Leibniz first worked in the area of combinatorics, and developed some results concerning 

specific sequences of numbers. It was only later that he interpreted these in algebraic, and 

then geometric, terms. This led him to consider infinite series, and infinitesimal elements of 

curves. The effect of this progress through three related fields led to a reconceptualisation of 

the nature of curves (Grosholz, 1992, pp124-5): 
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Descartes had indicated how to regard the curve as both an object of geometry and an object of 
algebra. Now Leibniz shows how to associate it with a differential equation, and thereby to 
understand it as an extrapolation from a combinatory object, a polygon. The application of his new 
algebra, his differential calculus, makes the curve an infinite-sided polygon. ... 

Thus, problems arising in geometry, but not soluble in purely geometric terms, and problems 
arising in number theory concerning infinite series, not resolvable in purely arithmetic terms, both 
find their solution in the novel middle ground established by Leibniz's infinitesimal calculus. ... 

Leibniz trusts his calculus to link disparate mathematical domains, so connecting the levels of the 
finite and infinitesimal. He also expects it to engender novel items and problems that would never 
have arisen from geometry or number theory alone: the new domain of higher analysis coalesces 
around his hybrids. 

Further to this, and Leibniz only realised it ten years after differential calculus was invented, 

was the way that the hybrid changes the relationship between mathematics and mechanics. 

His analysis is not just concerned with numbers or lines, but with magnitude in general: 

therefore it can be applied equally forcefully to distance, time, force and continuous 

mechanical motion. Thus mechanics, number theory, algebra and geometry are brought into a 

shared structure. 

From an ethnomathematical point of view Grosholz' schema contributes to our understanding 

of the mechanisms by which different mathematical conceptions are integrated and subsumed 

by wider concepts. An ethnomathematical study would also examine in more detail the 

structures which Grosholz identifies, trying to conceptualise them using the terms of the era 

(and mathematical culture) in which they originated. It would show the relationship between 

the structure and other mathematical work of the time, and it would investigate the potential 

of the structure in parts of mathematics where it had not been previously applied. 

Changing the Paradigm of Legitimacy 

Giorello (1992), in discussing whether the development of differential calculus is, or is not, a 

revolution, focuses his attention on paradigms of legitimacy: the basis of the arguments used 

by various mathematicians to justify the statements they make. He examines those of both 

Newton and Leibniz, and the competing paradigms of their detractors (e. g. Berkeley), and 

their supporters (Nieuwentijdt and Maclaurin). 

These paradigms have metaphysical bases. Thus what Giorello makes clear is the way that the 

mathematicians' beliefs become part of their work, and, in particular, part of the conception of 

rigour they impose upon themselves. He states (Giorello, 1992, p164): 

This shift in allegiance [of mathematicians to a new paradigm of legitimacy] continuously 
produces shifts in the meaning and common usage of ordinary and technical language. 

For example Maclaurin's metaphysics does not allow infinite (or infinitesimal) entities to 

exist - and he notes that even if they did we could not conceive them. The use of infinities and 
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infinitesimals, however, is justified as an 'abridged' manner of speaking about a mathematical 

idea which can be explained. Compare this with Leibniz' infinitesimals which are numerical 

entities. 

In Giorello's argument it is the metaphysics which is lost in a revolution. For 

ethnomathematics it is the generation and subsequent history of the metaphysics that is of 

interest, because (Giorello, 1992, p165): 

[In] my opinion, ... the proliferation of rival metaphysics is not a sign of weakness, but a positive 
condition of mathematical growth and the most significant phase of the revolution. The 
rigorization itself is a by-product of this creative conflict. 

The metaphysics of the various protagonists in this chapter of mathematics can be regarded as 

alternative conceptions of mathematical ideas. Giorello expresses them as intuitions of the 

infinite (and infinitesimal). Ethnomathematics is the study of such conceptions. As in the 

previous example, an ethnomathematical investigation would attempt to describe the 

metaphysical conceptions within their original context (i.e. to make them understandable), 

and then look for potential re-applications in the mathematics of other eras and (sub-)cultures. 

It is of interest, therefore, that some of those conceptions are still present in 'accepted' 

mathematics although the epsilon/delta definitions of Weierstrauss now form the basis of the 

infinitesimal within classical calculus. For example Leibniz' conception of infinitesimals as 

'incomparably smaller' than finite entities on some kind of scale of measurements is present in 

non-standard analysis (Robinson, 1966). 

Conceptions of the Continuum 

Lakatos (1978) is interested in reviewing scientific and mathematical history with an eye to 

the role played by the philosophy of those subjects. For mathematics, he regards the formalist 

framework as dominating the historiography of the subject by inflicting rational 

reconstructions based on misplaced ideas of what can legitimately be called mathematics. 

The example offered in this work is that of Robinson's reinterpretation of the history of 

analysis (Lakatos, 1978, Chpt 3). Essentially this history recreates the conditions surrounding 

Cauchy's theorem on continuous functions. Standard histories, while recognising Cauchy as 

the person who finally put the calculus on solid ground, describe this theorem as an error with 

which he inexplicably persisted for thirty years. 

Robinson points out that, at the time in question, there were two different conceptions of the 

continuum. The one held by Cauchy was essentially that of Leibniz; the other conception was 

that of Weierstrauss. Thus Cauchy's theorem was true for Cauchy and did not need 
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amendment. For those using a Weierstraussian theory of the continuum there was a 'mistake' 

created by that theory, and the resolution of it was not difficult to accomplish. 

Lakatos accepts this reinterpretation as showing up the justificationist historiography by 

which past theories are given a place in history as defeated rivals of modern theories in a 

continuous, monolithic stream. However he criticises Robinson for trying to reposition 

Cauchy as a forerunner to Robinson's non-standard analysis - thus committing the same 

mistake. Lakatos wishes to portray (Lakatos, 1978, p55): 

the real dialectical (i.e. critical) pattern of historical progress, of conjectures, proofs and 
refutations and of the struggle of competing theories. 

He links this example of non-standard analysis as a reappraisal of the history of mathematics 

to a radical change in the purpose and function of meta-mathematics. Until now, meta-

mathematics has been concerned with the foundations of mathematics. Lakatos would like to 

see meta-mathematics investigate the contribution of all mathematical theories in themselves, 

i.e. not as forerunners or sidelines to the development of mathematics-as-it-is. For example, 

Robinson's work is a stimulus to consider Leibniz' theory in mathematics for its original 

contribution, not as an unformulated statement of a present-day theory. Theories change and 

grow, and, as Lakatos states (1978, p60): 

There is no way of predicting how the relative strength of theories may change in the course of 
their growth. 

When theories stop being judged against current orthodoxies, then the only criterion for 

evaluation is their ability to produce new mathematics. 

Lakatos himself conceives mathematics as, if not a monolithic development, at least as a 

unified one (1978, p60): 

[Meta-mathematics may produce] fascinating unintended contributions to the growth of fallible 
mathematics. 

'Fallible mathematics' seems to be presented as a coherent single field. 

However, an ethnomathematical interpretation of this discussion is also possible. It is not 

necessary to regard theories as competing. They may feed from each other, even merge or 

combine in new theories. They may also continue for long periods of time relatively 

independently and producing new, unrelated mathematics. It is the nature of communication 

amongst mathematicians that a coming together of theories and their resolution usually takes 

place (see Section 4.2 Mechanisms of Interaction), but that is not necessary for growth. 

Ethnomathematics is the exploration of the conceptual frameworks which distinguish rival 

theories for the potential mathematics within them. Robinson's illumination of the 
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Leibniz/Cauchy and Weierstrauss continuums is a paradigmatic example (see also Daubin 

(1992) for an explanation of the different mathematics arising from Robinson's work). 

Calculus as Ethnomathematics 

Ethnomathematical Classification of Calculus 

On the three dimensions of ethnomathematics, this example is located as Internal, Historical 

and within a Social Group. 

No aspect of the development of calculus took place outside of mathematics. Both Newton 

and Leibniz were concerned with physical applications, but the priority dispute and the 200-

year battle to make it rigorous both took place amongst the top mathematicians of the day. 

It is classified as Historical because the work of the mathematicians described in this example 

occurred in the eighteenth and nineteenth centuries, however this 'history' is in a continuous 

process of reconstruction, a process which can only be done in the light of contemporary 

developments. This historiography makes the development of calculus span a greater time 

than the 1680-1850 time interval of conventional histories. 

Mathematicians form a very particular social group. They are a group which is only present in 

some cultures, although groups of 'experts' are present in most societies. This example is 

particularly interesting because this group is so tightly defined, and its collective conceptions 

are regarded as highly objective 'truths'. 

Ethnomathematical Activity with Calculus 

All four ethnomathematical activities are possible within a study of calculus, although 

Descriptive activity is usually called the history of mathematics, and most of the 

Mathematising activity is part of calculus itself. A further possible aspect to Mathematising 

activity would be to describe in meta-mathematical terms the relationships between the 

competing conceptions of the continuum represented by the Leibniz/Cauchy view and a 

Weierstraussian view. 

Archaeological activity is represented by Robinson's work (1966). This insight into different 

conceptions of number raises interesting questions about what other assumptions are made 

between mathematicians concerning 'common' understandings. Further useful archaeological 

work to expose different conceptions in the same mathematical idea may be possible. 

Analytic activity within calculus is two-fold. On the one hand it involves finding out how the 

different conceptions arose - a social as well as a mathematical investigation. The value in 

this is that it may help expose what other conceptions are possible. On the other hand, 
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analytic activity involves investigating re-applications of the discarded conceptions into new 

areas. 

Mechanisms of Interaction 

The description of Lakatos in particular details the way competing conceptions interact. In 

terms of the ethnomathematical mechanisms of Section 4.3, this is an example of 

colonisation, where the Weierstrauss conception was used to evaluate, and dismiss as wrong, 

the Cauchy one. 

Grosholz' description of the way Leibniz integrated structures to produce hybrids is a clear 

example of re-application of ideas as characterised in Section 3.4. Interpreted in 

Wittgensteinian terms, the hybrid structure is a new mathematics, a new set of rules about 

what is meant by, in particular, the term 'curve'. That the consequences for mechanics were 

both fundamental and only later recognised illustrates the complexity and interrelatedness of 

the system of meaning. It also reinforces the conclusion that a new system is in operation. 

Mechanics can now apply to continuous motion. Prior to Leibniz it could not because 

magnitude implied particular, static measurement and could not be generalised as an algebraic 

variable. 

Daubin's (1992, p74-5) description of the definitive role of the epsilon/delta notation within 

the rigorisation of calculus also demonstrates Wittgenstein's point that the meaning is 

contained in the use of the symbols, and that that is the function of mathematical statements. 

Changing the notation is changing the meaning. 

Implications of the Ethnomathematics of Calculus 

Implications for Mathematics 

The most important implication from this example is the implication for mathematics as a 

whole concerning the possibility (and potential impact) of exposing different understandings 

or definitions of the same mathematical idea. 

An even more dramatic example of this is the impact of non-Euclidean geometry. From 

Greek times the unsatisfactory nature of the fifth postulate was the subject of much attention. 

But investigations centred around finding better formulations or substitute postulates. 

Geometry was still considered a study of physical space until Lobachevsky, Bolyai and Gauss 

showed the consistency of geometries based on various alternatives of the fifth postulate. At 

that point geometry became a created model which was applied to the physical world in 

various ways (see Zheng, 1992). 
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Similarly, within mathematics, the possibility that alternative constructions of basic 'objects' 

(like numbers, points, shape, the continuum, sets, relationships) may exist is a powerful 

creative idea. 'Seeing mathematically' is not just one vision, it is many visions - and 

mathematical creativity resides in their conjunctions. The breaking down of notions of 

universal truths within mathematics may yet prove to be one of the most fruitful aspects of 

future mathematical development. 

Reflecting the implications stated above for mathematics, the question is raised as to whether 

there might be other calculii based on different foundations. Robinson's non-standard analysis 

is one example. The search for rigour within calculus stopped at Weierstrauss, or at least 

proceeded along the direction indicated by his work. If he had not developed those ideas the 

mathematicians of today would be using a different tool. 

Implications for Mathematics Education 

An ethnomathematical view of calculus as part of a course on calculus would be likely to 

have the important educational effect of illuminating the importance of the foundations of the 

subject. A course which only analyses calculus as it is, and presents it as the only way 

calculus can be done, will have difficulty in showing the critical nature of the foundational 

concepts of continuum, infinitesimals, or limits. The recognition that these are constructs, not 

difficult-to-understand realities might provide relief for the myriads of students who have 

learnt epsilon/delta definitions with minimal comprehension, a sense of inadequacy, and a 

feeling of pointlessness. 

The reason for helping students understand the autonomous nature of mathematics is not just 

affective and aimed at increasing their motivation and attitudes towards the subject. If they 

are to become active mathematicians, then an awareness that mathematics-as-it-is is 

dependent on concepts-as-they-are is important for their work. Calculus provides a clear 

example within the received history of mathematics, and that makes it even more strongly 

stated. 
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6 Research Implications of Ethnomathematics 

This thesis has examined the literature and theory surrounding the concept of 

ethnomathematics, has redefined it, and has illustrated it using examples from different 

mathematical areas. This final chapter outlines the consequences of this particular 

characterisation of ethnomathematics. 

The consequences are written as research implications in order to highlight the research 

function of theory-building. There are four aspects to research arising from theory. 

1 Research can verify theory in practice. It should be possible to see whether the way in 

which ethnomathematics is characterised in the theory accurately describes the actual 

cultural expression of mathematics 

2 Research is part of what can be done with theory. The theory can be phrased as a research 

question. New mathematical research and new educational research should arise from 

ethnomathematics, leading to new mathematics and to better education. 

3 Research can help to judge theory. By stating the consequences of the theory as research 

implications it becomes clear how to judge it. Do actions resulting from an 

ethnomathematical view provide useful insights or additions to mathematics, and is an 

ethnomathematical education more effective? 

4 Research arising from theory helps to amend, augment or modify theory. The field of 

ethnomathematics is in an early stage of development. The results of all the above types 

of research may indicate how the theory needs to be changed to be more effective. 

In addition, the work done in the field as ethnomathematics, can be described as research - 

both D'Ambrosio (1992a) and Gerdes (1991b; 1993a) explicitly do so. However that type of 

research is not the subject of this chapter: it has been the subject of the previous five. The 

implications discussed in this chapter are, first, those concerning mathematics itself, and then 

those concerning mathematics education. 
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6.1 Implications for Mathematics 

Mathematics covers a lot of human activity and has a long history spanning all civilisations. 

A new theory about the relationship between mathematics and culture is not going to herald 

great changes nor generate large areas of new mathematical research. The best that can be 

hoped for is that some mathematicians will have their minds opened to some new ideas in 

their field, and, possibly, that some other people may recognise what they are doing as 

mathematics. 

The implications of ethnomathematics for mathematics itself are organised as: 

• implications for how we view mathematics 

• implications for the breadth, content and methods of mathematics 

The first of these relates to the verification of ethnomathematical theory: does it tally with the 

way in which mathematics is practised in the world? The other area of research deals more 

with the use and value of the theory. 

Mathematics Viewed Through Ethnomathematics 

If the above conception of ethnomathematics is more or less correct, then it should be 

possible to rewrite the history of mathematics as a series of human interactions, and to 

describe mathematical activity as a product of socially and culturally defined concepts. Such 

descriptions should at least account for the major developments in mathematics. 

This work is already under way, and has been noted above (e.g. Bronowski, 1973; Fang & 

Takayama, 1975; Joseph, 1991; Restivo, 1983, 1992; Wilder, 1981). Particular examples 

include: Needham's (1972) argument that a mercantile environment was essential for the 

development of arithmetic beyond calculation (see also Swetz, 1987); the role of formalised 

social competition in producing advances in algebra in both Japan and Italy (Restivo, 1992, 

pp57-65); and the interest in dynamic systems like meteorology and fluid flow which 

generated Chaos Theory and a radical shift in the mathematics of differential equations 

(Gleick, 1987). This research constitutes part of the anthropology, history and sociology of 

mathematics - it forms a research programme rather than a research implication. 

However it should be possible to investigate whether any particular aspect of this view of 

mathematics is well-founded. To do this it is necessary to reverse the problem and to ask what 

characteristics mathematics has under an ethnomathematical view of the subject but which it 

will not have under the current view. Two examples of such characteristics are language-

based differences and changing concepts. 
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The Mathematics of Different Language Groups 

If mathematics depends on social and cultural interaction, and since such interaction takes 

place through language, then it should be possible to identify different mathematics for 

mathematicians of different language groups. 

The extent of the differences which might be found are limited by several factors. The more 

there is interaction between language groups, and the closer the languages are to each other, 

then the less difference is likely to be found. However, the strength of the differences should 

be proportional to the level of interaction and to the extent of similarity between languages. 

Another factor limiting the differences is the extent to which the Whorfian hypothesis is true, 

i.e. the extent to which cognition (or concept development) is determined by language 

(Whorf, 1956). This debate in the psychology of linguistics is far from over, but there is some 

evidence that at least a weak form of this hypothesis is true (see discussion in Lakoff, 1987, 

Chpt 18). 

Given these caveats, the general research question is: 

• How do the concepts and practice of mathematics differ between groups of 
mathematicians from different language groups? 

If differences can be found, then this would provide good evidence for an ethnomathematical 

view; if they are not found it does not negate such a view, although it would be difficult to 

maintain an ethnomathematical perspective in the face of a continued lack of such evidence. 

The problem with this research task is that the differences must be shown to be 

mathematically significant, not just terminological, i.e. they must be identifiable as different 

meaning systems in Wittgensteinian terms. If the Whorfian hypothesis is true, then the 

language in which the research is reported will affect what is being reported, and any 

mathematical differences resulting from the language will be lost. Consider, for example, how 

an English-speaking reporter might report the differences between, say, English and Chinese 

mathematicians? Even if some differences could be explained in English, would these be the 

same ones which would be found by a Mandarin speaker? How could you know? 

Such problems of validity and reliability may be overcome by applying methods of reverse 

translation, where, for example, the same passage might be translated by a Mandarin-

speaking English mathematician, and an English-speaking Chinese mathematician. Another 

possible methodology is to find generally-accepted translations of key mathematical terms, 

and then ask language-defined groups of mathematicians to construct concept-maps with the 

terms in their language. If group differences were identified and confirmed, this would 

provide good evidence of different language-based meaning systems. 
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Changing Mathematics 

An ethnomathematical perspective on mathematics includes the idea of changing concepts. It 

should be possible to trace the changes in mathematical concepts over time as more social and 

cultural development takes place. This change in understanding is not just the change that 

takes place as someone learns more about mathematics, nor is it a change in the methods or 

applications of mathematics over time. The change referred to here is a change within a 

concept which is treated as if it were constant. 

The general research question is: 

• How do the concepts of mathematics change over time and in relation to socio-
cultural changes? 

The extent to which any changes identified can be related to socio-cultural change helps to 

establish the validity of the view. Examples of changes already identified include: the 

changes in the concept of time since medieval times (Leach, 1973); the changes in the 

concept of number, for example from the Greek concept of a length into the Arab concept of 

a value, into the solution of an algebraic equation to accommodate complex numbers (NCTM, 

1969, pp18-36); and the changes in the concept of geometry from the Greek science of the 

physical world, into possible axiomatic worlds of non-Euclidean geometry, into the algebraic 

spaces of modern geometry (NCTM, 1969, pp165-192). 

One strategy for this research might be to examine likely social change as the site of possible 

mathematical changes: for example the effect of the industrial revolution, the effect of a 

significant proportion of women entering the field, or the effect of computers (see Davis & 

Hersh, 1986). Another strategy is to identify important mathematical ideas (e.g. infinity, 

space, function) and use original texts to examine how the concepts were used in 

mathematical discourse. The latter strategy has been used for the idea of number by Crumb 

(1989). 

The Scope, Content & Methods of Mathematics 

Ethnomathematics involves an outward-looking orientation to mathematics, a searching for 

systems and activities which can be identified as mathematical but which are outside 

conventional mathematics. Such a search implies that these systems and activities may have 

been previously unrecognised by mathematicians, but are of potential interest to them. 

This search may take place in cultural environments not usually associated with mathematics, 

but it may also take place internally, in mathematical sub-cultures which have been passed 

by. 
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Broadening the Scope of Mathematics 

Christie, while discussing Australian Aborigine epistemology writes (Christie, 1995, p1): 

... maths isn't in fact coextensive with what Bishop calls the 'symbolic technology' of maths 
(numbers, theorems, graphs, equations). The symbolisations are ... the effect of mathematics. They 
serve to tell us that mathematics has happened. Maths is more like the deep currents of water 
moving below the surface. What we read of maths - the symbols, the discussions, the graphs and 
diagrams etc - are the bubbles and ripples on the surface. ... 

I ... suggest that Aboriginal ontologies and epistemology are exactly where we may find highly 
developed alternatives to the established body of mathematics ... . 

Putting aside the metaphysical implications of his writing, Christie is suggesting that there are 

alternative mathematics' to the one that is familiar to us from school and European culture. To 

paraphrase his ideas in the language of ethnomathematics and Wittgensteinian philosophy, he 

is suggesting that, in Aboriginal societies at least, there are relational meaning systems within 

which symbols are used in well-defined ways which should be recognised as mathematical. If 

true, this raises the possibility that, within these systems, there are problems and concepts 

which provide new questions, new mathematical ideas and new connections with existing 

mathematics. 

Phrased as a research question, this becomes: 

• What new mathematical problems, concepts and methods can be found in the 
quantitative, spacial and relational meaning systems of other cultures? 

Gerdes' research (1991a, 1992a) pursues exactly this question. He describes Angolan sand 

drawings (sona) as a meaning system in itself, but also transforms elements of that system 

onto his own conventional mathematics (in this case matrix algebra). In so doing new 

theorems arise (1990a, p33). Gerdes (1988a) also develops a decorative motif into new proofs 

of Pythagoras' and Pappas' Theorems, and elsewhere (1990b) he maps the symmetries of sand 

drawings onto topological symmetry. All of these cases have led to new mathematics. 

Another example is Barton's (1995a) work with triple weaving designs in which it is shown 

that pattern analysis by weavers constitutes an alternative meaning system, with its own 

symbols, conventions and problems. He maps this onto conventional pattern analysis by 

symmetries and has arrived at a structure with resemblances to finite geometries. 

The illustrative example of navigation described in the previous chapter throws up the 

potential of new content in mathematics. Pacific navigators are said to be able to distinguish 

swells coming from eight different directions at the same time. Furthermore they can do this 

from inside a boat by just feeling its movement (Kyselka, 1987; Thomas, 1987). 

Mathematically this is an interesting concept. There has been very little work done on the 

combination of wave-forms, apart from the addition of waves in the same direction (Colin 
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Fox, Department of Mathematics, University of Auckland, private communication, 1995). In 

particular the idea of multi-directional wave analysis has not been explored, let alone 

developed into a theory. The question remains as to the mathematical practicality and the 

usefulness of such a concept. 

Enlarging Mathematics from Inside 

Although Wittgenstein's philosophical programme is not regulative in the construction of 

mathematical theories (in that it does not direct what ideas are allowable, set out criteria 

which must be satisfied, nor regulate the kind of inference which must be used), nevertheless 

it does describe the actions which lead to the genesis of particular mathematical conceptions. 

The result is to open up the way in which mathematics is constructed, allowing hidden 

assumptions to be exposed, and suggesting alternative mathematical structures which could 

have been erected. For example, the work of the intuitionists in reformulating foundations 

using constructible criteria of various kinds (see Körner 1960, p124) can be seen as creating a 

new mathematics by changing the restrictions on allowable mathematical activities. 

Similarly, the ethnomathematical programme which describes the workings of particular 

groups of mathematicians revisits their systems of meaning in such a way that possible 

changes other than the ones which occurred can be identified. Thus new ways of doing things, 

or new ways of thinking about things, might be explored. 

The research question is: 

• What new mathematical problems, concepts and methods can be found by 
examining the meaning systems of groups of mathematicians which have been 
subsumed or discarded by conventional mathematics? 

For example consider the alternative definitions of real numbers (i.e. Dedekind cuts or 

Cauchy sequences). Rather than argue about the consistency or otherwise of either 

description, an ethnomathematical approach would look at each description as a system of 

meaning, how it arose, what problems it resolved, and what problems it generated. These 

investigations are not to decide which of the definitions is right, but to preserve both as 

systems of meaning with potential for future mathematical development. 

The example of calculus (see Section 5.4) provides an illustration. Cauchy worked with a 

fundamentally different concept of number from other mathematicians of his time. 

Mathematics has, historically, followed the course delineated by Weierstrass' conception. An 

unanswered question (pursued by Robinson (1966)) is whether a 'differently useful' calculus 

may have been generated if development had continued along the line of the Leibniz-Cauchy 

framework. 
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But, further, what other conceptions of the continuum are possible, and what calculus would 

result? Mathematicians have continued with the development which did occur and which has 

proved so powerful, but the very success of calculus may have prevented other alternatives 

being examined. The ethnomathematical study of this history opens anew the possibility of 

this avenue for mathematical exploration. 

A final example which illustrates alternative methods in mathematics arises from the 

previously quoted researches by Joseph (1994), Berggren (1986) and Srinivas (1987) on 

styles of argument in Indian mathematics. A Wittgensteinian perspective on mathematical 

propositions indicates a less restrictive criteria on what might be acceptable as 'proof', namely 

any symbolic or syntactic practice which gives meaning to a mathematical statement. 

Aristotelian deductive proofs were not present in Indian mathematics in recognisable form. 

Joseph et al assert that coherent systems of mathematical meaning were present, and that their 

use implies paradigms of calculation and manipulation. Thus the role of a proof has been 

fulfilled. 

The question which now arises is the types of mathematics which are opened up, for it is not 

obvious (indeed it is unlikely) that the two systems of meaning will cover exactly the same 

material. Perhaps the mystery which surrounds Ramanujan's brilliance (Kanigel, 1991) will 

be partly dispelled by recognition that other mathematics can be (routinely) generated by 

other methods? 
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6.2 Implications for Education 

The educational implications of ethnomathematics are extensive. A relativistic basis for 

mathematics raises several questions about which mathematics is presented and the way it is 

taught. The 'one mathematics' curricula common in our schools limits the possibilities of 

mathematics, does not reflect our present understanding of mathematical development, and 

curtails the debate of the nature of mathematics. Ethnomathematics also raises the question of 

whether there should be different curricula for different cultural groups. 

The implications of ethnomathematics for education (again phrased as research questions) are 

organised as follows. 

• The mathematics curriculum - the content of mathematics education. It is suggested that 

the curriculum should include education about mathematics as well as mathematical 

content itself. In particular a student of mathematics should understand: its relative nature, 

its history, and the relationship between mathematics and themselves as a member of 

society. 

• The teaching and learning of mathematics - how it is best learned. It is suggested that 

ethnomathematics provides some tools for better learning, in particular the recognition of 

cultural conflict as a method rather than as a problem. 

• Mathematics education - the goals and frameworks upon which mathematics teaching is 

constructed. Ethnomathematics provides new perspectives on the social role of 

mathematics and why students should be enculturated into it. 

The Mathematics Curriculum 

D'Ambrosio's basic educational argument is that curriculum should reflect society, and that 

society is defined by a cultural group. Therefore curriculum should reflect the cultural group 

(D'Ambrosio, 1985a). In the case of mathematics, where an international body of knowledge 

has come to predominate, this raises the question of which mathematics should be taught: 

school, academic mathematics, or the mathematics of the particular cultural group? 

The answer to that question is likely to be up to cultural groups themselves to decide, but 

there is an implication that, whatever the answer, mathematics education must include 

education about mathematics. In particular that it is neither absolute nor universal, that it has 

a history, and its relationship to society. 
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Mathematics is Relative 

Under a Platonic mathematical view there may be questions about how best to undertake the 

teaching and learning of mathematics, but there is very little question about what is going on. 

Students of mathematics are to be introduced to mathematical discoveries and techniques. On 

the other hand, if a relativistic view is adopted, the aim of mathematics education is less 

definitive. For example, quadratic equations are useful because we live in a society which 

works that way. But it could have been otherwise, indeed visual forms of solving equations 

are becoming more common as computers and graphing calculators influence mathematical 

techniques. The mathematics of the moment is determined by things outside the subject. 

If we believe (or accept as likely) that mathematics is relative, then someone learning 

mathematics should also be enculturated with this view. It is more necessary to be explicit 

about the view of mathematics if it is relative because the way in which history is written and 

the prevailing world view is Platonist, thus education is necessary if the current situation is to 

change. Furthermore, a Platonist view does not need to explain its purpose because the nature 

of teaching/learning is to teach/learn something. Only if that something is debatable is it 

necessary to explain its status. 

If there is a dominant mathematical culture which colonises (and devalues) alternative 

mathematical cultures, then good education requires that such notions are at least made 

explicit, and, preferably, are countered. The difficulty is that this must be done while 

accepting that the dominant mathematics is the one which opens doors in the education 

system and the labour force. In addition, it is not just the content of the system which is 

relative. Modern mathematics carries a set of techno-scientific values which must also be 

questioned. 

Part of an ethnomathematical education must be to convince cultural communities to value 

their contribution to mathematics. This is difficult when a highly successful techno-culture is 

built on a sophisticated mathematical system. However it is the potential contribution which 

is of value. The identification of this potential content is the biggest challenge to mathematics 

educators concerned with ethnomathematics. Perhaps the best that can be done is to open up 

resource opportunities for people from other cultures to do this work, to educate ourselves so 

that we recognise it when we see it, and to appropriately value the work when it appears. 

Further reasons for being open about mathematical relativity are argued by the critical 

theorists. Skovsmose (1985) describes critical education as premised on education as 

democratisation, which therefore requires democratic processes within the teacher-student 

relationship. Three characteristics are necessary: student involvement in the educational 

process; students and teachers perceiving the values implicit in the curriculum; and the 
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problems which are the subject of study being personally and socially relevant. The student 

cannot be in control unless they have an understanding of the relativism of mathematics, 

including a recognition of the values implicit in the mathematics curricula and the arbitrary, 

constructive nature of the subject. Student control changes cultural conflict from an alienating 

force to a motivating one. 

The final argument is a mathematical one. If mathematics can benefit from an 

ethnomathematical perspective (see Section 6.1), then that should be part of mathematics 

education. While it is possible that several mathematical concepts may come from the one 

cultural source, an awareness of other cultural sources increases the range of concepts, and 

therefore the likelihood of fruitful mathematics. As in evolution, difference is the source of 

progress - cultural conflict is not only not a problem, it is mathematically useful. If we ignore 

the ethnomathematical perspective, we are in danger of missing out on new mathematical 

insights because of the fixed nature of our present views and the way they lead us into 

thinking in certain ways. 

The relativity of mathematics is demonstrated in both its content, and also in its methods. 

Examples of different quantitative, spacial and relational systems of meaning, and their 

applications, have been elaborated and/or well-documented elsewhere in this thesis. A list 

will suffice here: 

• shape analysis exhibited by weavers; 

• navigation systems exhibited by Pacific Islanders; 

• two different conceptions of probability amongst statisticians; 

• two different conceptions of analysis - standard and non-standard; 

• genealogy-based relational system of Yolgnu Aborigines; 

• non-Euclidean proofs in early Indian and Arab mathematics; 

• spacial systems of Australian Aborigines; 

• spacial systems of Navajo Indians; 

• vocationally based systems of carpenters, tailors, farmers; 

• subculture systems of Dungeons & Dragons, netballers, candy-sellers; 

• alternative logic of the Azande and Nuer; 

• quipu information system of the Inca; 

• geometric systems of sona sand-drawing experts. 

The differences in many of these examples are built upon a cultural basis of understanding 

which is different from that understood in conventional mathematics. There may be a 

different language, a different logic, a different symbol system, or a different set of 

abstractions. 
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P. Harris (1991) addresses this question in an Australian Aboriginal context. She notes the 

extensive evidence that language implies a particular mode of logic and reasoning, and that 

English (or Indo-European languages) embody the logic of conventional mathematics. 

Contemporary evidence of the logical differences of African and Australasian indigenous 

languages compared with Indo-European languages is now common, from the early work by 

Gay & Cole (1967), to that of P. Harris (1991), Watson (1988), Christie (1993) and Trinick 

(1994). 

The History of Mathematics 

The reason for including mathematical history in the curriculum as part of education about 

mathematics is because it is a necessary part of validating and explaining the relativity of 

mathematics. Bachelard's notion of history being critically active in the present, and the 

parallel notion of a cultural component in our present understanding of the subject (see 

Section 3.2), provide important tools for the classroom. By bringing out the interaction 

between culturally and historically different systems our understanding of present knowledge 

becomes richer. 

Students of mathematics also need to understand its history because of the mathematical 

potential of this understanding. One of the routes to new mathematics is to identify the 

historical turning points where one mathematical path was taken and not others. Mathematics 

may, at any time, develop new branches or new fields of study by taking old notions and 

doing different things with them. An example is the development of elliptic functions: 

Lagrange spent 40 years developing Bernoulli and Fagnano's work, and then Abel and 

Liouville went back and redefined the basic concepts as the inverse (Garry Tee, University of 

Auckland, personal communication, 1996). Another example is the development of 

trigonometry, which started in Greek astronomy as the derivation of calculations from chords. 

Then, in cAD400, Aryabhata redefined trigonometry with sines as the starting point (not the 

derived concept) (Joseph, 1992, p266 & 280ff). 

Mathematics and Society 

It has been noted in Section 2.2 that several commentators in several countries have 

investigated the difference between mathematical activities and abilities at home (or on the 

farm or in the market) and mathematical activities and abilities in school. 

Abreu (1993) describes non-school mathematics as: unrecognised as mathematics by both 

mathematicians and participants; oral and objectified representations rather than written and 

symbolised ones; and associated with uneducated people and lower social classes. She 

focuses on the questions of the links between informal mathematics and school mathematics, 

examining the cultural conflict in terms of the social factors in the child's world. The 
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complement of this approach is to focus on the cultural conflict within the mathematics and to 

examine why home mathematics is not recognised as mathematics, i.e. what makes 

mathematics. In other words, students could examine the link between their lives and school 

mathematics. 

Furthermore, Nunes (1992a) concludes that the concepts of non-school mathematics will be 

vital in successful school mathematics. Thus teachers need to have knowledge of the non-

school mathematics of their students; need to be able to recognise, elicit and value these 

concepts when appropriate; and need to allow students to approach mathematical ideas from a 

variety of directions. 

Home mathematics is not merely an educational fore-runner to school mathematics - which 

then becomes 'the real thing'. Home mathematics has a practical validity (including 

techniques and values) which is neither acknowledged nor utilised in mathematics education. 

Therefore the links and differences need to be acknowledged. But this is more than just an 

awareness being useful for overcoming the conflicts. The differences themselves are part of 

the content of mathematics. For example one of the common characteristics of home 

mathematics is its inexactness, and its limited sphere of applicability (e.g. carpenters informal 

measuring systems). The ideas of estimation and approximation are critical processes in 

mathematics, and awareness of applicability is a mathematical skill required in all branches of 

the subject. 

It has been argued that an ethnomathematical perspective on mathematics has implications for 

the mathematics curriculum. Summed up into a research question this becomes: 

• Does education about mathematics contribute to a more effective mathematics 
education? 

Mathematics Teaching & Learning 

Cultural Conflict 

With respect to teaching and learning a perspective in which mathematics always appears in a 

cultural form poses a problem, rather than a new possibility: 

• What happens if the culture of the mathematics being taught is not consonant 
with the culture of the teacher or learner? 

Much of the work in multicultural mathematics (e.g. Zaslavsky, 1991a & b) is concerned with 

this question and gives answers to it in terms of an ethnomathematical curriculum. However 

there is another way of looking at this issue, and that is to ask: 

• In what ways can cultural conflict in mathematics be used as a tool in 
mathematics education? 
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For example, is there motivational potential in illuminating one's own mathematical culture 

by reflecting it in the light of another's? Since contrast as a learning device is well 

documented, do such comparisons have explanatory value? 

For example, Pinxten et al (1987) developed a geometry programme for Navajo children 

making use of their spatial strengths as the basis for learning. One can imagine similar 

programmes for children who understand weaving patterns or sports statistics: develop the 

spatial skills through weaving and then discuss symmetry as an alternative; or develop the 

concepts of sport statistics and then use them to make sense of conventional inferential 

statistics. Good pedagogy acknowledges the prior learning and cognitive framework of 

students. If mathematical frameworks are culturally dependent, then mathematics education 

could start with the framework of the student and use it to reach a different framework which 

incorporates both that of the student and that of the teacher. 

In cognitive terms the cultural origins of the mathematics may not make much difference to 

their learning, provided that students understand that the mathematics being taught is, or is 

not, congruent with their culture (linguistic or otherwise). Students in general are willing to 

suspend their judgement of an educational episode if they know why it may be causing 

conflict. The conflict itself can be a motivating and useful tool: "Here is something new, 

different, exciting, let's see what we can make of it." 

There may also be good political reasons for using minority culture's mathematical 

orientation - i.e. for using the minority culture's foundation processes (language, logic, 

symbols). In New Zealand, where the majority of Maori children are brought up in an 

English-speaking world and a European culture, the renaissance and recovery of Maori 

culture is an explicit aim of the educational process. Mathematics can partake in this process 

by explicitly using Maori mathematical contexts and ideas. In a limited way this is already 

happening: the current mathematics curriculum recommends that all children first learn to 

count in Maori, because it is more explicitly base-ten in its grammatical structure (as opposed 

to the anomalous names for 11- 19 in English). 

But note in this context the work of Cummins (1986) in bilingual education where he says 

that there are minimal language levels below which the educational outcome of instruction in 

that language is confusion and low achievement. Pinxten et al (1987) also comment that 

partial knowledge leads to alienation from both cultures. In other words, if different cultural 

understandings are to be used in mathematics education, then it must be done properly. This 

is another argument for being explicit about what is going on: if students know the situation 

then the cultural conflict can have positive effects rather than negative ones. 
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A further warning is that the ethnomathematical perspective makes us aware that 

mathematics' are not just mechanical systems - they are human systems and carry values and 

emotion as well as 'objective' concepts. The values are not always obvious, and cultural 

conflict can occur in this arena also. 

Systems of Meaning 

The Wittgensteinian philosophical base which has been suggested for ethnomathematics also 

raises some questions for the teaching and learning of mathematics: 

• If mathematics is a syntactical system of meaning, how can this best be 
communicated to students, and how can this knowledge help them become 
inducted into the particular system of meaning that is academic mathematics? 

Watson (1987), who has considered just this question, concludes that concepts should be 

demonstrated in all manner of semiotic systems to make sure that learners experience them in 

as many ways as possible. Further, mathematics should be performed in a social context 

complete with values and emotions, i.e. social exchange between students is vital for meaning 

to be understood. For students this means that negotiation of meaning in the classroom is 

essential, and that the production of various texts is part of mathematics learning. 

But there is another point here. There is a difference between operating within a system of 

meaning (i.e. doing mathematics), and coming to a mathematical understanding. Learning 

mathematics does happen at an individual level, even though part of that process is a social 

process and mathematical understanding itself is only social. An individual does generate 

mathematical language, and try it out in a social setting to see whether it is understandable. In 

this sense each individual constructs their own (incipient) "understanding" and rehearses it to 

themselves to see whether it "makes sense". Only then do they use it. Such language (such 

mathematics) is neither right nor wrong since it is not mathematics as such, it is only learning 

mathematics. 

The question for the mathematics teacher is how to help individuals "play the game" - how 

best to get them to use mathematical language according to the normative imprecations of 

mathematical statements? To do this teachers need to take account of the fact that individuals 

do try out mathematical language, and modify it, and try it out again. As well as the social 

negotiations advocated by Watson, there is a need to acknowledge each student's individual 

meanings, and to encourage students to develop these meanings and to explore the 

consequences in a non-judgemental atmosphere. It is only by students being able to express 

their meanings that a socially negotiated one, and a recognition of the conventional one, is 

possible. 
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Mathematics Education 

Ethnomathematics has been incorporated within several different positions in the theory of 

mathematics education. In particular those seeking an emancipatory or equity-based 

education (e.g. critical theorists and indigenous groups) have used the idea of 

ethnomathematics to criticise the conventional mathematics curriculum (see Section 3.5). 

Examples drawn from ethnomathematics have been used by teachers seeking motivational 

techniques and inclusive curricula (e.g. Zaslavsky, 1993). 

However the question to be asked is not whether ethnomathematics can be used by any 

pedagogy; but whether ethnomathematics provides (or implies) a justification for any 

particular pedagogy? 

Ethnomathematics does imply a certain relation between mathematics and ourselves in 

society. Traditionally, mathematics has been regarded as pan-cultural (or acultural), a 'given' 

in the human world which can be used to gain power and control over the environment 

through science and technology. Particularly as an abstract intellectual exercise, mathematics 

was thought to transcend experience and was regarded as 'sure' knowledge. 

Ethnomathematics, on the other hand, is an expression of the different ways meaning can be 

created, the different ways experience can be structured, and the different ways quantity, 

space, and relationships may be incorporated into our lives. 

Such wide differences are almost certain to require that mathematics should play a different 

role in our education. In particular, the social role of mathematics education as a pre-requisite 

for an inevitably technological future is questioned by introducing the idea of choice: 

enculturation into the academic mathematical techno-culture is optional. We can choose to 

reject it, embrace it, or take only parts of it. 

The research question for mathematics education theorists is therefore: 

• What effect does an ethnomathematical perspective have on theoretical 
frameworks in the teaching and learning of mathematics, and what new 
frameworks might be generated? 

It is ambitious to suggest that ethnomathematics provides a new pedagogy comparable with 

Platonic pedagogy or critical pedagogy. However D'Ambrosio does argue for a radical change 

in education on the basis of his picture of ethnomathematics as knowledge-making (see 

Section 1.3), and a case for a pedagogy might be made. It has been suggested (Jim Marshall, 

University of Auckland, private communication, 1995) that, just as a Platonic pedagogy is 

justified by rationalism and didactics, and critical pedagogies are justified by political 

arguments, then perhaps an ethnomathematical pedagogy could be justified ethically by moral 

fairness or justice.  
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Rather than create a new pedagogy, and thereby be forced to challenge other pedagogies and 

mount a defence against them, it is perhaps more realistic (and more fruitful) to consider the 

effect of the choices which relativism provides. When the type of mathematics to be taught 

was not an issue, the reasons for teaching mathematics were limited. Either mathematics was 

a subject which needed to be taught or it was not. The important questions were about the 

merits of mathematics vis a vis other subjects, and the level of mathematics which should be 

part of everyone's education. In addition there was some debate about the particular content 

areas within mathematics and whether these should be determined by academic needs or 

practical ones. 

The issue of "which mathematics" or "whose mathematics" immediately raises questions of 

equity, of political motives, of cultural domination, and of the effect on society. Thus 

Zaslavsky (1991a) uses ethnomathematics to "help students of many different backgrounds 

take pride in the accomplishments of their peoples" (p13); Frankenstein (1983) uses it to help 

"the struggle for liberatory social change in our advanced technological society" (p315); 

Fasheh (1989) uses it to prevent the acceptance of "western math and science as universal and 

authoritative"; and Abraham & Bibby (1988) uses it to expose how "the relationships between 

mathematics and society are related to the personal development/situation of the students" 

(p6). 

Furthermore, if there is choice between different mathematics, then there is the opportunity to 

choose "which mathematics" on different criteria. The mathematics to be part of the 

curriculum could be: 

• the mathematics with which students/society identifies; 

• the mathematics which is useful to that particular culture; 

• the mathematics which will advance students in the technologically developed world; or 

• an eclectic mix of these. 

The criteria used to choose "which mathematics" will depend on the aims of mathematics 

education, and so the aims take on increased importance. 

Ethnomathematics does not actually present choices in this way. There are not several 

different mathematics', fully elaborated and of equal status in terms of their functions, their 

recognition, or their generalising power. However, ethnomathematics as elaborated in this 

thesis does highlight the underlying differences between meaning systems, i.e. there are 

culturally distinct ways of knowing, and conventional mathematics often cuts across these. 

Hence, while it opens up the above possibilities, a more important contribution to 

mathematics education theory may be to provide a new insight into why traditional 

mathematics is easy for some and difficult for others. As a research issue, verification of such 

questions is of immediate interest. 
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The relativity of mathematics implied by ethnomathematics has widespread implications. If 

mathematicians have a more relative perception of their work, then they will be more open to 

question basic assumptions or mathematical constructs. In this way new mathematics may be 

developed. If non-mathematicians come to regard mathematics as a cultural construct, then 

they may perceive their own activities as mathematical in a legitimate sense. This would be 

productive both in mathematics education, and in the use of mathematical ideas in daily 

activity. 
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7 Summary 

In many ways this thesis can be seen as an exercise in carving out a new academic field. 

Ethnomathematics has been the explicit topic of much writing over the last ten years, and 

culture and mathematics has been the subject of academic debate for nearly one hundred 

years. What has been done is to provide a new conceptualisation of ethnomathematics that 

builds on what has gone before, but which avoids some of the difficulties which have 

emerged. In particular, work has been started on a philosophic basis - something which has 

not been done previously. 

The State of Ethnomathematics 

A review of the literature reveals that there has not been a coherent nor a consistent view of 

the field of ethnomathematics among writers. They appear to be at odds with each other about 

the exact nature and purpose of their work, if, indeed, such considerations are stated at all. 

In particular, two critical aspects of ethnomathematics receive scant attention. The first is the 

relationship of this work to mathematics. Much of the recent writing has arisen from those 

concerned with mathematics education, and is motivated by educational imperatives. Exactly 

what implications there are for mathematics itself has been ignored. Most mathematicians 

writing on cultural issues have focussed on the sociology and historiography of mathematics. 

Another aspect of ethnomathematics which is rarely mentioned is the philosophical and 

theoretical background. With the exception of D'Ambrosio's work, the ethnomathematical 

literature does not make clear what orientation is being applied, nor does it consider the 

philosophical implications of some of the statements made. The lack of theory also makes it 

very difficult to critically analyse the work, or to confirm or refute the arguments. 

The review of literature in this thesis attempts to trace the origins of the ideas of the main 

writers in order to explain their diverse conceptions of ethnomathematics. The political/social 

environment in which they live and work seems to be important: thus, for example, Gerdes' 

highly politicised society provides a background for his emancipatory educational orientation 

to mathematics through culture; and Ascher's mathematical, academic work environment, 

plus her relationship with an academic anthropologist, explains her analytical approach. 

When the various authors are placed on a Map of Intention to show the reasons for their 

work, the lack of overlap goes a long way to explaining why their writing seems to be at odds, 

even though they repeatedly express their agreement with each other. As a field initially 

develops, it is to be expected that anyone writing in more or less the same vein will be 

welcomed as a colleague, and used as confirming evidence of the importance of what is being 
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done. Deep philosophical differences are unlikely to be examined until some academic and 

practical security is gained. 

The literature review revealed a critical problem within ethnomathematics: the ethnocentricity 

implied by the phenomenon of 'discipline overlap'. As soon as a conception of mathematics is 

used to select practices for study, the conceptual categories of the host culture may be 

transgressed. Ethnomathematics must be a field of study based in a culture which has 

mathematics as a knowledge category. 

Two strategies to over come this problem are identified: universalising the referent of 

'mathematics' so that it is the same as "knowledge-making"; and acknowledging the problem 

and using methodological techniques to minimise it. 

Marking Out New Territory 

The security of a new field depends on establishing some ground which is distinct from 

related fields. One of the important tasks for a work such as this is to position 

ethnomathematics in relationship to anthropology, sociology, history, and politics. How is it 

different from each of these, how does it relate to each of them, what perspectives and theory 

does it share, and what perspectives does it oppose? 

Each of these disciplines has a long-established background. But, in the context of 

mathematics, the literature frequently crosses the boundaries between them. In order to 

identify a place for ethnomathematics, the various types of study are characterised on a 

matrix. Mathematics is the central discipline under consideration, so a framework based on 

the 'distance' from the activity of mathematics itself has been used to analyse the related 

culturo-political fields. For each discipline it is possible to locate different areas of the 

discipline at different 'distances' from mathematics. 

A place for ethnomathematics is found close to the history and anthropology of mathematics. 

The distinguishing feature of ethnomathematics is that the mathematical ideas are initially 

investigated for the way in which they are situated within their host culture. The difference 

between ethnomathematics and anthropology is that, although anthropology also attempts to 

see things from the viewpoint of those in the culture being discussed, the aim of anthropology 

is to better understand culture in general. Ethnomathematical studies are undertaken in order 

to better understand the culturally specific subject, mathematics. 

The related fields are also examined for the theoretical contributions they can make to 

ethnomathematics. Anthropology provides the most significant contribution with its well-

established methodologies for overcoming the ethnocentricity of an observer of cultural 

practices. 
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The traditional philosophical positions are examined for the bases they would give for a 

cultural conception of mathematics. However neither they, nor more recent positions such as 

those based on Lakatos' quasi-empiricism, provide as much support as most writers in 

ethnomathematics seem to require. A Wittgensteinian orientation to the problems of the 

philosophy of mathematics does allow traditional orthodoxies to be by-passed. One such 

position is used to support a measure of relativism in mathematics, and this enables culturally 

based 'systems of meaning' to gain credibility in mathematics. 

The Wittgensteinian approach is also used to characterise mathematics, and to show how it 

consists in the opposing activities of abstraction and re-application. It is exactly this dynamic 

which gives mathematics both its rationality and its credibility. 

Ethnomathematics 

What, then, is this new field born of anthropology and history, and concerning one of the 

most ancient of human endeavours, mathematics? What new insight has been created by 

those considering the importance of culture in shaping human thinking and human learning? 

The proposal put forward in this work is that it is possible to acknowledge one's own 

mathematical orientation while regarding that of others. Such an orientation leads us to 

observe those things which we want to call mathematical, but which exist in a context 

removed from the mathematics we routinely practice in our own cultural milieu. 

Ethnomathematics is the examination of such ideas in an anthropological way: i.e. so that the 

focus is on how people working in the other context understand those ideas. 

It is necessary to avoid - at least initially - the separation of the 'mathematics'. Rather, the aim 

is to reach a new understanding, an understanding closer to that within the other culture. The 

effect of this is ultimately to open up the possibility of new mathematics, thus it is creative in 

a number of ways: mathematically, anthropologically, and educationally - and potentially it 

may be creative for those in both cultural contexts. 

The definition makes it possible to describe the nature of ethnomathematical activity. Four 

overlapping types are identified: descriptive, archaeological, mathematising, and analytical 

activity. In each case it is the intent to understand the mathematical subject from another's 

point of view which makes it ethnomathematical. 

The definition also gives rise to a means of categorising ethnomathematical work along three 

dimensions: the closeness of the practices under study to conventional mathematics; the 

historical time of the practices; and the type of culture hosting the practices. The implication 

here is that the nature of the subject is not what makes the study ethnomathematical. That 

  

287 



  Summary 

characteristic is determined by the type of study taking place, and by its mathematical 

consequences.  

Any field which requires a re-thinking of the way in which its subject is perceived must 

explain why this point of view has not been identified in the past. Ethnomathematics requires 

a new outlook on mathematics, which in the past has been regarded as the ultimate in rational, 

true and universal knowledge. The theory of ethnomathematics explains how this perception 

has been generated and how it has persisted. The mechanisms of interaction between 

mathematical practices are identified as self-referencing and self-fulfilling. It is accepted that 

mathematics is a developing subject, but the fundamental changes in its concepts are 

unacknowledged because past mathematics is reinterpreted in their terms. Similarly new ideas 

from other cultural milieu are reinterpreted within the existing concepts: only the surface 

ideas are incorporated, not the foreign concepts. Because this is possible, the foreign concepts 

can be isolated and the imperialistic growth of mathematics proceeds. 

Particular features of ethnomathematical theory are brought out in a series of examples. The 

way in which some concepts which are clearly mathematical have been consistently ignored 

and others have been appropriated or re-explained is clearly brought out in the example of 

weaving. This craft has been around longer than mathematics itself, and yet some of its 

fundamental organising ideas (which are obviously systematic) are not reflected anywhere in 

mathematics. The example quoted is the way in which design features are analysed: not using 

symmetry, but using the structure of the weaving. 

Historical relativity (the idea that things could have been otherwise) is the theme of the study 

of navigation. The techniques of Pacific navigators give us a rare opportunity to glimpse the 

'might-have-beens' of mathematical aspects of navigation had the focus of attention and 

resources been allocated differently. An examination of one aspect of the history of calculus 

shows the subsuming power of conventional paradigms in mathematics as it develops, and the 

final example tries to capture an ethnomathematical branching as it is being played out in a 

familiar context in contemporary society. 

So What? 

So mathematics can be viewed as a cultural phenomenon which has an all-absorbing, self-

fulfilling life of its own. So what? How will recognition of this state change the development, 

functions and shape of the subject - the oldest of all academic disciplines, and one which has 

become the foundation of a technological and commercial world? How will it change what 

mathematics is learnt, how it is learnt, and who learns it? 

Any subject which has a self-rationalising component is in danger of becoming narrowly 

focussed and, ultimately, stagnant. That mathematics has not is a measure of its power and 
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diverse applications. However that very power is part of the way in which it is self-justified: 

if mathematics is so useful in so many ways, then mathematicians must be on the right track. 

It is important to recognise that, just because it is successful does not logically imply that it is 

the only way, or the best way, of looking at the world. An ethnomathematical perspective 

brings into question these assumptions and thereby opens an opportunity for further 

mathematical creativity, for new methods and subjects, and for new mathematical concepts. 

By admitting the legitimacy of other previously unacknowledged systematic, 'mathematical' 

viewpoints, ethnomathematics also opens the gates of mathematics a little wider. Within 

education ethnomathematics provides choices, so that new questions must be asked about 

whose mathematics, which mathematics, and what social effects mathematics has. The 

opportunity is also created for cultural diversity, even cultural conflict, to become a useful 

tool in mathematics education. Perhaps these questions will help make those gates less 

selective - such a consequence should be embraced for reasons of equity. 

Mathematics is a specific kind of activity. One of its characteristics is that it is impossible to 

tell in advance in what direction development will prove to be worthwhile, either for 

mathematics or for its applications. Ethnomathematics shows that mathematical activity can 

be done within a variety of contexts, in a variety of modes, and using a variety of tools. Each 

of these has the potential for important development. Learning to do mathematics involves 

being adept at seeing this potential, at having an increasing number of mathematical options, 

and at integrating diverse concepts. Ethnomathematics provides one more tool for all those 

teaching, learning and doing mathematics to expand their vision, so that cultural diversity 

becomes an even richer contributor to the kaleidoscopic cultural structures which humans use 

to understand their world. 
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8 Appendix 

Pumpkinians & Hereditarians: 

A Fantasy of Mathematical Worlds 

Introduction 

Suppose we have two cultures: one has an economy which centres around pumpkin 

production, the other which centres around heredity. 

Pumpkinians 

The Pumpkinians Culture is a rural, agricultural society. Social leadership is determined by 

who produces the most pumpkins, industry is concerned with all sorts of pumpkin products 

from Granny Smith's pumpkin pie to pumpkin perfumes and soaps. A whole discourse has 

developed about pumpkins, including mathematical systems based on the idea of combining 

pumpkins, and in particular, adding fractional pumpkins. In this system combining 
1
2  a 

pumpkin and 1/4 of a pumpkin is calculated by finding a small fraction into which both parts 

can be divided, and then adding the number of parts together. 

e.g. 
1
2  + 

1
4  = 

4
8  + 

2
8  = 

6
8  

or 
1
2  + 

1
4  = 

2
4  + 

1
4  = 

3
4  

Clearly 
6
8  and 

3
4  must therefore be the same, since when you add 

1
2  a pumpkin and 

1
4  of a 

pumpkin you always get the same amount. 

The rule taught in Pumpkin schools is: 

Write the fractions as equivalent fractions with the same denominator, add the tops and use 

the same denominator. It always works. 

Hereditarians 

The Hereditarian Culture is an urban, information society. Social leadership is determined by 

who has the most of Factor X in their ancestry; industry is concerned with hereditary 

information and databases from historical records of lineage, to methods of determining 

accretion or dilution of genotypes by genetic engineering or blood transfusion. A whole 

discourse has developed about heredity, including mathematical systems based on the idea of 

combining hereditary factors, and in particular, adding fractional amounts of Factor X. In this 
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system combining a parent who has 
1
2  Factor X and one who has 

1
4  Factor X is calculated by 

finding a small fraction into which both parts can be divided and finding the average of the 

number of parts in each parent. 

e.g. 
1
2  + 

1
4  = 

4
8  + 

2
8  = 

3
8 (since 3 is the average of 4 and 2)  

The rule taught in Hereditarian schools is: 

Write the fractions as equivalent fractions with the same denominator, add the tops and add 

the bottoms. It always works. 

Cross Cultural Understanding 

Now one day an Hereditarian Child went on an exchange visit to an Pumpkinian community 

and spent some time in an Pumpkinian school. 

"I can see that in your culture that's how you want to do it, because you're not worried about 

putting two things together to give something bigger. In my culture, every person is the same 

size, so, if you add two things together then you must take that into account. 
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