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Abstract

After some years in a leadership position, I am returning to subject matter, teaching and research. Reopening my window to ethnomathematics, it becomes imperative to raise some questions. They are not new or original. Still, in my view they are important. They are about how we reflect on what they do, about concepts we identify in their activities, about knowledge we claim that they have.

This paper tries to illustrate the questions raised by setting out from several concrete examples, partly from the literature, partly from my own research and experience. More questions than answers are provided. Still, some lines of argument are indicated.

Introduction
This paper enters into the debate about foundations of, research methods in, and intentions with ethnomathematics. Many mathematics educators have already raised questions about the status of ethnomathematics as an academic field, intentions behind research in the field, and possible consequences from educational applications of ethnomathematical ideas and examples. (See for example Barton, 1996; Vithal & Skovsmose, 1997; Rowlands & Carson, 2002; Adam, Alangui & Barton, 2003.)

The paper aims at contributing towards such reflection and debate. Against the background of some concrete examples — partly from the literature and partly from my own research and experience — problems are raised and questions posed in connection to our activities in ethnomathematics. An underlying perspective is the relation between “us” as mathematicians, educators, researchers etc., and “them” as “the indigenous people”, “the local people”, the craftsmen or -women etc., whose practices and concepts are our objects of study.
Example 1: Calculating change in Oshakati

Oshakati is one of the main towns in Ovamboland in the North of Namibia. A few years ago I visited the main market in Oshakati together with a Zambian and a Namibian colleague. The latter one is an Ovambo herself, speaking the local vernacular Oshivambo. Through her, we made a conversation with a couple of women selling meat in the market. (A broader description of this example and a couple of others below is found in Onstad, Kasanda & Kapenda, 2003.)

The women would buy half a cow in the morning, partition the meat and sell to customers coming to the market during the day. They had no scales or other measuring instruments for weight, and we were interested in how they estimated amounts of meat compared to prices they sold at, how bargaining functioned, and how they ensured that in the long run they sold with a profit and not at a loss.

During our conversation, my Namibian colleague posed the following question to the meat-sellers: “Imagine I am your customer. I have picked up a piece of meat, and we have agreed on the price 8 dollars and 20 cents [Namibian dollars]. However, I only have a 100 dollar note. How do you figure out how much change you owe me?” The women immediately replied, “91 dollars and 80 cents.” “OK,” my colleague responded, “but how did you calculate that?” The women looked at us with some confusion and asked back, “It is correct, isn’t it?” Our colleague tried to clarify: “It certainly is correct. We just want to know how you think when you find this out. Can you tell us that?”

There was a pause. The women looked at us and at each other, obviously in a state of bewilderment. After a while one of them asked, “Didn’t you tell us that you come from the university — and you don’t even know how to calculate change???”

Problem 1: Different types of reflection

The meat-sellers in Oshakati certainly do a lot of reflection. They reflect on their business in the market, on money matters, on the education of their children, on health and diseases, on religious questions, and on many other aspects of life.

Still, there seems to be a profound difference between their ways of reflecting and the type of reflection we asked for. Ours was something like: “Please, step back from yourself, take a look into your own brain processes, watch your own modes of thinking and reasoning, and then describe them to us!” Or: “Climb up to a meta-level and think about how you think! Then, inform us.”

Can we easily claim that this is a “natural” or “normal” way to behave? Can we expect to be readily understood when we ask people to act like that?

On the other hand, such meta-level reflections are fundamental to our own research. We want to “look behind” the immediate skills and activities of people.

If our type of reflections, however, is different from theirs, it may easily mean that we do research about them, and not with them. It may be far from easy to establish a mutual and equal relationship.

Example 2: Symmetrical basket patterns
We also studied basket weaving in Ovamboland. Most baskets have patterns, and most basket patterns display rotational symmetries. We asked questions about how and why the weavers make such patterns.

One point that emerged from these conversations, was the lack of an Oshivambo word for ‘symmetry’. Our native interviewer could not think of such a word herself. We consulted a learned Ovambo with high education and several visits to Western countries. Again, no word for ‘symmetry’ was found. Our informants neither had one, nor seemed to need one.

Of course, this did not prevent us from discussing the symmetrical aspects of the patterns. We described them as “flower-like”, pointed at the “petals” of the “flowers”, and commented that the “petals” seemed to look alike and be placed with the same distance between them all the way round the basket. The basket weavers agreed. They confirmed that they strove to obtain such uniformity, and they explained how they planned the weaving and measured in order to succeed.

We asked what kind of importance they attached to such uniformity of the pattern — that is, to the rotational symmetry. The answer was twofold. First, “It is more beautiful that way, isn’t it?” And second, a more beautiful basket can be sold at a better price. Hence, the reasoning is a combination of aesthetics and pragmatism.

Actually, this reasoning was taken a step further. We were told that an odd number of “petals” sells at a higher price than an even number. The explanation was that the buyer realises that an odd pattern is more difficult to make than an even pattern, and therefore accepts to pay more. We were shown how the basics of their weaving technique make an even number of “petals” easier to distribute uniformly than an odd number. (Basically, this comes from the fact that they start by making a little square in the middle of the basket.)

Problem 2: The concept of ‘concept’

Do the Ovambo basket weavers have a concept of symmetry?

We may quickly reply, “Of course, they clearly display having such a concept, even though they lack a name or word for it.” Obviously, there is much sense in such a response. They do weave symmetrical patterns. They can even explain and argue around their patterns. How would this be possible without a concept of symmetry?

On the other hand, it is fair to question to which extent this is a concept the way we usually conceive of mathematical concepts. What do we actually require from a concept in order to accept it or think of it as ‘mathematical’? Should it be integrated in the established body of mathematics? Should it be formulated by mathematical terms or symbols? Should it be precisely expressed? Or is it enough that it “looks like” or “has something to do with” mathematics?

It seems possible to have a concept without a “name” for it. It is less clear, however, to which extent such a “nameless” concept embodies the same features as one expressed or even defined in words. The mental connotations and metaphorical imagery connected to a concept may depend a lot on the actual words chosen to denote the concept. (Cf. Barton, Lichtenberk & Reilly, 2005). How much more may then the lack of words mean?

These questions are related to the ideas of “frozen” or “hidden” mathematics, which we shall return to soon.

Example 3: Making toy cars

Some years ago, David Mogari in South Africa made a study of boys making toy cars out of steel wire. He kindly let me read a draft description of his study. I do not know whether a final version of the study has been published later.

Mogari watched the boys moulding their material into impressive copies of real cars, and he asked them questions about what they did, how they did it, and why they did it in that special way. In this process he came to realise the closeness between shapes the boys formed and techniques they had developed, on one hand, and central concepts in the school geometry curriculum — like ‘right angle’ and ‘congruence’ — on the other hand.

He then went on to raise pertinent pedagogical questions. Imagine such a boy coming to a geometry classroom. Are there ways in which his teacher can make links between geometrical concepts in the classroom and the boy’s experience from the streets? Are there ways to make him benefit from his skills and insights into toy car construction when he is faced with right angles and congruence in school? Are there ways to make the theoretical concepts relevant to his background and the world he lives in? May an ethnomathematical approach help this boy in learning mathematics?

Example 4: Odd games

Children in India play games about even and odd numbers. A boy grasps a collection of pebbles and hides them in his hand. He opens his fist, lets me have a quick glance, and closes the fist again. I shall then guess whether the number of pebbles is even or odd. After my guess, we settle the matter. The boy takes away pebbles from his hand in pairs. The decision comes when we see whether he finally has a single pebble left over, or not.

Alternatively, a girl hides a twig with many leaves behind her back. She lets me have a quick glance at it, and then I guess whether the number of leaves is even or odd. The decision is reached by picking leaves from the twig in pairs.

Problem 3: What do they “actually” know?

In the last example, it seems obvious that there must be some concept of parity of numbers. A number either can be seen as a collection of pairs, or it is the composition of a collection of pairs together with one single unit. It ought to be a relatively simple task for a teacher to make constructive use of such games in the mathematics classroom.

The case with the car-making boys may be different. Do they “actually” know what a ‘right angle’ is? Do they “actually” understand what ‘congruence’ means? Is the only thing they lack, just the proper names for these concepts?

Or is there some profound difference between ‘congruence’ as a mathematical concept on one hand, and on the other, the skill a boy has in making the two sides of a car identical in shape and size, and his understanding of the necessity for the car to have identical sides?

Is there more to learn for the boy than just a new word, a name for a concept he already has acquired?

Example 5: Shaping houses

Traditional huts in Ovamboland are circular, while modern houses are rectangular.

A hut consists of poles in the ground which are connected by a network of branches. This is plastered with soil or clay. On top, there is a conical roof, thatched with grass.

We may spontaneously think of a simple procedure for making a hut properly round. Just decide where the centre of the hut shall be, and its size. Put a little pole temporarily in the ground at the centre. Then take a rope or a branch of suitable length and ensure that the wall is erected at constant distance from the centre.

However, this is not how we witnessed the construction process and got it explained. The roof is made first. A number of straight branches of equal length are tied together in one end by a shred of bark. Lying flat on the ground, the branches will be like radii in an imagined circle. The centre is then lifted a little, thus forming a conical shape. The branches are now woven together with more shreds of bark, adding new branches little by little in the gaps between the initial ones. When the roof is ready — apart from the thatching of grass — it is placed on the ground, just where the house is going to be built. Marks are made on the ground a little inside the outer edge of the roof-cone. Then the erection of the walls may start from these marks.

Hence, it is the construction of a conical roof which ensures the circular shape of the hut.

Modern houses are made of bricks. Different building materials and building techniques naturally go together with different house shapes.

The building process starts by casting a rectangular foundation with dimensions as set for the house. The employer determines length and width. These can easily be measured, and four pieces of rope or sticks of correct lengths are prepared. But how does the mason ensure that all the four angles of the foundation are right?

If you have made a quadrilateral where opposite sides have equal length — one pair of opposite sides with the planned length of the house, the other pair with the planned width — then the quadrilateral necessarily will be a parallelogram. The mason measures the two diagonals, and adjusts the angles in the parallelogram until the diagonals are equally long. The parallelogram then must be a rectangle.

This is applied geometry. In Euclidean geometry we can prove that the mason’s method is correct.

Problem 4: What should they know?

Planning a house and building a house can certainly be viewed as mathematics put into practice. Both the roof-weaver and the brick-layer construct mathematical shapes of high regularity, and they do so by methods which have their direct counterparts in our mathematics curricula.

Most certainly, however, none of them sees the shape he constructs as a mathematical shape or the method he applies as a mathematical method. And even more certainly, they could hardly give any proof-like reasons for why these methods actually produce the shapes needed.

We may tell them that we see mathematics in their activities. We may tell them that what they do, “actually” is mathematics. We may give them the “proper” mathematical words used for their shapes. We may explain why their methods are valid.

But should we? If so, why?

Perhaps they would be happy to hear and learn. Perhaps they would be able to follow a logical argument they way we present it within the framework of mathematics. In that case, nobody should withhold that knowledge from them.

But are we in a position to say that they ought to know? Can we impose on them any kind of need or duty to know? If craftsmen have sufficient skills to do the work they are paid for in a satisfactory way, shall we claim that it would be even better if they had understood the mathematical basis for and implications of their craft? Better for whom?

Example 6: Pythagoras in Africa

A decade ago, Paulus Gerdes wrote a wonderful little book called African Pythagoras (Gerdes, 1994). Among many things, he describes a nice pattern made up by squares of different sizes, used by Mozambican craftsmen for decorations. He then goes on to demonstrate how a beautiful and convincing proof of Pythagoras’ theorem may be developed or extracted from that pattern.

Problem 5: Was Pythagoras ever in Mozambique?

Of course, physically Pythagoras never went to Mozambique. But is it fair to say that some of his ideas appeared in Mozambique all the same — independently from him and from Western education? (Anyway, similar ideas did appear in Babylonia, China and India.)
We come back to similar questions as above. Does it make sense to claim that the Mozambican craftsmen “actually” know Pythagoras’ theorem, except that they have not formulated it as a theorem, and they are not even aware of it as a theorem and as a piece of knowledge of theirs? Can we — perhaps even more far-fetched — claim that these craftsmen unknowingly, but “actually” have proved Pythagoras’ theorem, since a proof lies inherent in their decorative pattern?

If so, we get close to the following attitude: I know that you know something which you don’t know that you know! Can we fairly make such judgments about the knowledge of others?

Example 7: Mathematical clothes

My wife was educated and trained as a model seamstress. That means, she acquired the knowledge and skills required for designing, drawing and sewing clothes, especially women’s dresses. This is a demanding profession. You work with one-dimensional measurements — always lengths, never area — and two-dimensional drawings and patterns in order to make clothes which fit a three-dimensional figure.

Today she realises that there is a lot of mathematics in such activities. At the time of her training, however, her teachers never made a point of drawing connections between the designing and sewing activities on one hand, and mathematics on the other. Nor did she think of it that way herself.

Example 8: Arithmetic in the streets

This is a well known type of example. Boys are involved in petty trade in the streets. This is how they make a living. They desperately need to earn as much as possible. But the profit is low and the competition is hard. They have to enter into bargaining, but there are limits to how low they can let their prices be pushed. Try to cheat such a boy, and you will hardly succeed. He adds prices and calculates change without hesitation and almost always without mistake.

Then, take such a boy into a classroom. Give him exercises to solve which involve the very same arithmetical calculations as those he performs daily in the streets. And the boy fails. He sees no connection between what he knows very well in the streets, and what he is asked to do in class.

Problem 6: Hidden or frozen mathematics

Several authors — like Paulus Gerdes and Stieg Mellin-Olsen — have suggested ways to describe situations like those in the examples above. Terms like “hidden mathematics” and “frozen mathematics” have been coined.

The point brought forward is that a person may have skills, knowledge or ideas which incorporate mathematical aspects in one way or another. The person himself or herself, however, does not recognise this as mathematics, does not see it in a mathematical perspective, and is unable to draw on it in educational settings.

In order to become conscious about the mathematics which is already there, develop it further, and apply it in its full potential in new situations, the hidden mathematics must be uncovered. The frozen mathematics must be heated or thawed.

Such a process needs an outsider. Somebody else must discover and identify my hidden mathematics, since I am unaware of it myself. This is where a teacher may come in and support. A teacher ought to know his/her students very well, not only by name, behaviour and intellectual abilities, but also their backgrounds, interests, out-of-class activities and practical skills of various types. Thus knowing about their skills and experiences, the teacher will have a proper starting point for picking up their hidden mathematics, uncovering it and applying it in a supportive manner in class.

This is far from an easy task, however. Many teachers, especially in disadvantaged schools in poor countries, struggle with huge classes. Knowing all your students individually, well enough to identify their hidden mathematics, is impossible to overcome.

On the other hand, there may be shared experience in a community — games most children play, skills most boys or most girls are trained in, decorative patterns found in most homes, etc. These may form a common background or starting point for ventures into the world of mathematics.

But we should never be tempted to believe that transition between these two worlds — the concrete world of real life and everyday experience, and the abstract world of mathematical concepts and reasoning — is obvious or easy for the learners.

Example 9: The omnipresent golden section

A girl in our neighbourhood runs her own flower shop. She has been trained in binding and arranging flowers. Once she told me that she had been taught about the golden section.

To me, the golden section is like a key or a password into a rich world of mathematics and culture. This was, however, very far from the flower girl’s conception and connotations. To her, the ‘golden section’ was just a label for a certain technique or principle for arranging flowers. It had no additional “layers” of background knowledge, motivation or explanation.

In the Western world, the golden section is widely known, at least as such a label. It is used by architects, painters, scenographers, film directors, sculptors, composers and many others. But again, for very many of these the golden section is not much more than the name of a principle, method or technique to be applied in certain situations and according to certain rules.

Problem 7: Words without concepts?

It is tempting to believe that the flower girl knows a word without having a corresponding concept. Somebody told her at a certain point in her training something like: “We often bind flowers together in the following manner, and that is called the golden section.” The instructor could just as well have said ‘abracadabra’ as ‘golden section’; it would not have made the slightest difference to her.

If we come across a mathematical notion, it does not necessarily imply the presence of any mathematical concept, knowledge or understanding — not even a hidden or frozen one.

Example 10: Sharing mangoes
Once my wife asked a young Tanzanian school girl the following question: “Suppose three women have seven mangoes together, and they want to share them equally. How many mangoes does each woman get?” My wife intended to check the girl’s understanding of fractions.

After a little while the answer came: “They get two mangoes each.” — “But have they shared all the mangoes then?” — “No, there is one left.” — “What shall they do with the last one?” — “They give it to the oldest woman.”

Within its own context, this solution is both practical and reasonable. Practically speaking, cutting a mango into three equal pieces is neither easy nor recommendable (unless you want to eat it immediately).

But there is more to this than mere practicalities. What does ‘equal sharing’ mean in a given context? What does ‘equality’ mean in a certain society? Does it mainly have mathematical and physical connotations, or does it primarily go along with ideas like ‘fair’ and ‘just’ and societal rules of behaviour and distribution of commodities?

African children are taught to respect parents and elders. In many societies, adults are fed before the children. The school girl’s answer may be taken as a display of acceptance of and adaptation to local cultural norms.

The conversation continued. My wife asked whether the girl could suggest any alternative solution to the problem she had been given. She then put forward the following suggestion: “The woman who had carried all the seven mangoes may be tired, so she deserves the last one.”
Problem 8: The virtue and burden of context
During the last few decades, much school mathematics in many countries has become ‘useful mathematics’, ‘practical mathematics’, ‘mathematics in context’, ‘everyday mathematics’, ‘real-life mathematics’, or other variations of similar type. After the Bourbaki-inspired ‘modern mathematics’ took our subject to higher spheres of abstraction, it has been pulled down to earth.

The intentions are good. Applications legitimise the subject. It is much easier to accept mathematics in school if its usefulness is demonstrated. Everyday and real-life connections enhance motivation. Mathematics becomes easier to grasp when it appears in recognisable contexts.

This is not necessarily the case, however. It is a common experience for most mathematics teachers that word problems and mathematical modelling are difficult for many students. Extracting the relevant mathematical content from ordinary language, converting this into mathematical symbols and formalism, then solving the equation — or whatever the text has been transformed into — and finally translating the mathematical solution back into its original context, perhaps even evaluating its validity in that context — all this may be very tough work! Much worse than just solving an isolated equation.

It is far from obvious that such complexity enhances motivation, understanding and appreciation of mathematics. On the contrary, applications and context may distract attention and overload mental capacity. It may become a burden for the learner and obscure the mathematical concepts.

Inger Wistedt (1993) studied a group of Swedish pupils working on a given problem. It was about a boy and a girl running together twice. In order to make the problem solvable by mathematics, some “stereotyping” was made, like presupposing that both children ran with constant speed. One of the students never came to grasp this presupposition. From her own experience with running, it was probable that the child who won the first race would be most tired in the second race, at least towards the end of the race. Little did it matter what the problem text said, as long as she knew. In her theoretical discussion of the study, Wistedt introduced terms like ‘contextual dominance’, ‘contextual indeterminacy’, ‘contextual awareness’ and ‘context preference’.
The solutions to the mango division problem above were both contextually correct, but they missed the fractional essence which was intended.

The ‘ethno’ part of ethnomathematics is context. In our own passion for our subject and our zeal for its educational virtues — do we also consider and discuss the possible problems and burden of context for the learners?
Concluding remarks
We are a multitude of people, living under different conditions, with different upbringing, backgrounds, education and jobs, and with a variety of skills and interests. Mathematics obviously has very different meanings to us and plays very different roles in our lives.

Some of us are interested in connections and implications between culture and mathematics. We see that the world we live in has much to offer in this respect. The richness and diversity of ethnomathematical examples are enormous. And the possible educational applications are appealing.

I have run in-service courses for teachers from many countries. I have met scepticism when I have presented ethnomathematical ideas and examples from various cultures, and hesitation when I have challenged them to produce similar examples from their own culture. But I have also witnessed how many of them come back with a lot of examples and artefacts which they proudly demonstrate, and heard them discussing mathematical implications of their examples with great excitement.

Personally, I believe that there is much to gain from ethnomathematical studies and the application of ethnomathematical examples in mathematics classrooms. It may contribute towards motivation and conceptual understanding. It may play roles in nation building and empowerment of under-privileged groups. It may broaden our general views and knowledge about culture, history and mathematics.

None of these are easy tasks, however. In an enthusiasm for the possibilities and virtues offered by ethnomathematics, it may be easy to underestimate the problems involved — problems of practical, cognitive, ideological and ethical nature. Therefore, it is valuable that there is a debate going on about such issues. This paper is a modest attempt to contribute to such a debate.

I finish by laying emphasis on three aspects treated in this paper:

To begin with, there is the problem of mutuality — or lack of such — in our research. When we do research on and in different cultures, there is a positive ideal of “mutual interrogation”. This is often more easily said than done, however. If we, with a comprehensive formal education in mathematics, want to study mathematical aspects of traditional practices among people without formal education, we may be well prepared for interrogation of them. But how should they naturally interrogate us, on an equal basis? I do not claim that it is impossible, but maintain that it may be quite difficult. Further development of relevant research methods may be useful.

Secondly, I find it philosophically, cognitively and ethically difficult to draw conclusions about knowledge and concepts held by other people, especially when they belong to another culture and language group than mine. I would like to see more research into this.

Finally, I consider it vital to study more closely how context may help and may impede the learning of mathematics.
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