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Theory of Knowledge Essay                                                    


10. Is knowledge in mathematics and other Areas of Knowledge dependent on culture to the same degree and in the same ways?

Some say that “the universe expresses itself naturally in the language of mathematics. The job of the mathematician is to listen to the singing and record the tune.”
 How the “tune of mathematics” is recorded and interpreted should be dependent on the social and cultural context of the time just as music would be. On the other hand, mathematics is most commonly viewed as the unique Area of Knowledge that is strictly rooted in deductive logic and immune from cultural prejudices. Descartes called it “universal mathematics”, a universal language which everything could be translated into
. So, to what extent and in what ways is knowledge in mathematics dependent on culture compared to other Areas of Knowledge?
Early development in mathematics is not very different from other Areas of knowledge. It is driven by the demands of society. In ancient Egypt, the prosperity and survival of the society depends on agriculture, which relies heavily on the annual flooding of the Niles, thus a calendar system was required. This needed astronomical knowledge which in turn stimulated the development of mathematics and physics. Ancient Egyptian calendars begin the year with the heliacal rising of Sirius, shortly before the Niles flood. By 3000BC, two smaller Egyptian nations emerged, meaning more land to distribute and more records and taxes to keep track of, stimulating development of a number system, as found in hieroglyphic writings. The demands of trade gave rise to early arithmetic and land measurement to simple geometry. The emergence not only affected mathematics, but also other subjects, such as physics, due to the need of making tools and building houses, medicine for fighting disease, art and literature to recording people and events etc. It is however difficult to distinguish if it is the advancements in knowledge that drives the development of society, or vice versa, but the interaction is undeniable.

Before 350 BC, Athens was the center of mathematics, where some of the greatest mathematicians such as Plato, Theaetetus and Antiphon were born. One of the reasons that mathematics flourished in Ancient Greece was its favorable social conditions, which somewhat resembled Vienna at the beginning of the 19th century, where Sigmund Freud and many other psychologists developed their theories. Both cities were the capital and center of a great empire and politically strong. Both Greeks and Europeans at the time felt proud of their advanced civilization. The living standards of both cities were relatively high compared to the rest of the world. But the idea of civilization is by no means purely materialistic, civilized people are supposed to be aware of the world around them. People needed knowledge and spiritual beliefs to understand the world better. Mathematics is very closely connected to philosophy in Ancient Greece. For Plato and Pythagoras, mathematics was first and foremost a spiritual activity
. The social and cultural conditions lay ground to the pursuit of knowledge and act as a hothouse for developments in mathematics. In Vienna, similar conditions lead to great interest in the society about human behaviors, something mysterious and not understood, stimulating advancements in psychology.

This is just as Jean A. Dieudonné suggested: for mathematics to thrive, favorable societal conditions are required, including freedom from religious and political constraints and from exclusively utilitarian preoccupations.
 It is not surprising that during the period of The Black Death in Europe or during the Cultural Revolution in China that all developments in mathematics in the area stopped nearly completely if not retrogressed. This not only applies to mathematics, but to all Areas of Knowledge.

Mathematics today appears to be the same all around the world, having common notations and conventions. This is the result of globalization and has not always been the case. Before effective ways of long distance traveling and communication developed, each section of the earth had distinctively different cultures, resulting in the differences in the mathematics developed. This can be reflected from the different notations of numbers. Mayans used a base 20 system while Arabs had base 10, and Babylonians base 60. Ancient Egyptians and Romans developed unary notations instead of place-value ones.

The difference between the mathematics developed across cultures and civilizations are more than simply notations. While western mathematics, represented by ancient Greeks and one of its most influential book: Euclid’s “Element” is more fixated with the development of axioms, eastern mathematics, represented by the Chinese and one of its most influential book: “Jiuzhang Suanshu” (Nine Chapters on the Mathematical Art) is more fixated with practical applications. Although both mathematical, the nature of the books are quite distinctively different. “Nine Chapters” is by its name divided into nine chapters, each chapter presents a set of problems concerning a specific practical area such as land surveying, distribution by porportion, civil engineering etc. Chinese algebra was rhetorical, problems were stated and solved verbally, with a method of solution for each problem, but no sign of any proof for the methodology. “Elements” is divided into chapters based on axioms and step by step proof for the propositions is derived from the axioms and definitions stated.This does not necessarily mean that the Chinese didn’t bother to justify their methods, simply that the Greeks and Chinese had different views on “proof”. The Greek idea of proof is based on strict deductive logic and the Chinese is based on practise which is like inductive logic. There is a Chinese saying that “experiences distinguishes truth from falsehood”. The author might have found it enough to just write down how to solve real life problems and thought the links between theory and practice unnecessary. This might be influenced by the ideas of a Chinese philosopher Xun Qing, a Confucianist, who emphasised perceptual knowledge over rational knowledge
.

Cultures however do not remain the same throughout time, they change, and so does the teaching of mathematics. It is interesting to note that although in ancient China, mathematics was about practise and not proofs, today the teaching of mathematics in China as well as most of the eastern world emphasises very much algebra and proofs, the “exact” and rigorous mathematics. Euclidean geometry is a huge part of their mathematics cirriculum. But at the same time, in the west, mathematics education is significantly less fixated on rigorous proofs and focus more on the practical application of mathematics, such as statistics, probability and discrete mathematics. It feels almost like the mathematics culture in the east and the west have swapped around completely. The tradition idea of proof was also challenged the proof of the Four Colours Conjecture where computers were used to check every possible combination instead of proving from known axoims.
Although a lot of words have been spent arguing that mathematics is dependent on culture, it is of course not as culturally dependent as art and music. Mathematic statements can be right or wrong: one plus one equals two, just like the apple will fall down, whether you believe in gravity or not. But there is no such thing as right or wrong in music, you can only judge them to be good or bad. Emotions is the main Way of Knowing in art and music. The same piece of work may awaken different emotions in different people, depending on personal experience, environmental influence, state of mind, aesthetic values etc. Imagine what Aboriginies would think about “The Mona Lisa”, it probably will not be the same as us. Wonder if Mayans would have appreciated Beethoven’s Ninth Symphony the same way that we do? The essence of art and music lies within their subjectivity, while mathematics has to be as objective as possible.

Emotions are seldom linked with mathematics. The famous debate between Newton and Leibniz about the discovery of calculus is however an example where patriotism, cultural and emotional factors affected the development of mathematics. Newton and Leibniz both discovered calculus at about the same time, but from different angles and taking different approaches. The two mathematicians both accused the other of plagiarism. The patriotism of the Brits prevented them from adapting the Leibniz notation of calculus, which was more flexible and leads more easily to extend the idea of calculus. This puts the British mathematicians at a disadvantage, setting back the British calculus-based mathematics for quite a long time. 

Mathematics hasn’t always been the same as it seems today. There have been a couple of huge paradigm shifts along its development. One of those is the discovery of irrational numbers. Just as people used to believe that language was purely acquired by conditioning, Pythagoreans, a school and religious brotherhood, used to believe that the universe is expressed in integers. The discovery of (2 challenged the fundamental beliefs of Pythagoreanism. Hippasus who first found (2 was expelled from the brotherhood, and according to some sources even drowned for making the point of irrationality
. Mathematics too is not immune from influences of religion and beliefs.

In conclusion, although mathematics is comparatively less culturally affected than most other Areas of Knowledge, it is not independent of culture. Mathematics is universal, demonstrated by the examples that without communication, both Newton and Leibeniz found calculus, that the Mayans, Arabs and Babylonians all happened to use place-value number systems. But it is also affected by cultural factors such social development, societal conditions, technological advancements and philosophical beliefs etc. just like other Areas of Knowledge would be affected. But the ways in which mathematics is affected might not be the same as other areas, because every area is unique. Although mathematics strives to be as objective as it could be, it does not exist in a cultural vacuum, as it is commonly believed to be.
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