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1. INTRODUCTION

When we consider education for a citizen, we usually might mean civic education. If we start to think a bit harder, we can refer to history and geography or even literature. Seldom do we think of mathematics, as part of a citizenship education, which in capitalism has been historically essential.

Mathematics education spread with capitalism. The quantification and the need for measurement were intensified with the expansion of commerce. Modernity, along with the construction of nation-states, created the need for citizenship. Education became a means for that and mathematics education a basic element in the school programs. “Political arithmetic”, had to do during the early phases of capitalism with the recording of the national resources with the intention of having a rational policy/governing (Swetz, 1984) and assessing the value of the democratic institution (Kamens & Benavot, 1992).
During the last 30 years, neoliberal capitalism has created a new condition in society, which has eroded all sections of human creativity. A critical citizen is needed to comprehend changes that have been applied and which are leading to the dehumanization of society (Nikolakaki, 2010). This critical citizen will resist the greed and mercilessness of neoliberal capitalism, and mathematics education, is an important tool for that.

In this paper I will explore the connection of mathematics education and citizenship in capitalism historically. Through this investigation, I will trace how mathematics education has contributed to the construction of the desired citizen. This paper consists of three parts. In the first part, I examine the emergence of the need for mathematics in western society. In the second part I examine the role of mathematics education in modernity for the construction of the citizen of the nation-state. Finally, I support that Neoliberal capitalism creates the need and the urgency for more critically literate in mathematics citizens. 
2. THE EMERGENCE OF THE NEED FOR MATHEMATICS EDUCATION

During the Dark Ages the purpose of education was religious and moral cultivation. The educational programs in the Feudatory times in Europe were especially orientated to classical studies and education was mainly based on the teaching of the trivium: logic, oratory and grammar. Mathematics, which was taught only to few, was the total of the quadrivium, namely arithmetic, geometry, astronomy and music. The majority was taught only a few elements of arithmetic, which were essential for the everyday dealings (Goodson, 1994).

Roman numerals were useful to express quantities, but could not be used to do arithmetical operations. In order to calculate with Roman numerals the slate or the abacus was used. The Arabic numbers became known to Europe during the 10th century through North Africa and Spain, but they were not widely in use until the 13th century. When Leonardo de Pisa returned after traveling in Egypt and Syria, he wrote an essay about this amazing arithmetical system, which makes arithmetical operations possible (Exarhakos, 1998).

The reaction to the new arithmetical system was direct. Especially, in 1299 in Florence, Italy, a law was enacted against the use of Arabic numbers, because it was thought that they could be distorted. As Swetz (1984) supports, this prohibition shows that the function of written numbers in the Dark Ages in Italy during the first period of modern trade was the recording of exchanges and not the creation of a body of information which could be dealt with easily. 

In Italy, the educational programs in the Dark Ages served the establishment of the Christian community. In the basic school, the subjects taught were oratory (writing and reading), as well as simple arithmetic with roman numerals. Children started lessons at the age of 5 or 7 and finished at the age of 11 or 12. If a student wanted to be taught arithmetic at the age of 12-15, he should attend Latin Schools, in which the teaching of arithmetic was related mostly to theory, without social applications, as part of the classical subjects, or he should go to a reckoning master, where arithmetic was taught for commercial reasons. The students of these “special teachers” came from the newly established bourgeoisie (Swetz, 1984).

During the 14th century special arithmetic schools appeared, known as scuola d’ abbaco, for those who wanted to be taught the trade arithmetic. The existence of such schools shows the importance that Mathematics and the ability to calculate had in the trade business. One of the first books, which were printed in the west in order to help the majority to learn arithmetic, was the “Treviso Arithmetic”. In 1478, this book used the Indic and Arabic numbers and operations for the solution of trade problems. The publication of this book is related with the necessity that was imposed by everyday reality (Swetz, 1984).

Thousands of University students in Italy were already in contact with the new arithmetic system from the 13th century, but it was only with the intensification of the trade activities and the invention of printing that this knowledge was transferred to the common person. Therefore, Mathematics, from a theoretical and scholastic activity, was transferred to a professional level and trade, due to the rapid development of the “Merchandise Capitalism”.

During the 15th century, the use of Mathematics in Italy started to be regarded as an occupation and not just a novelty or a carrier of the Neoplatonic mysticism, as in the Dark Ages. In addition, Mathematics was not addressed just to the few academics or nobles under the cover of a mystic cloak. Nor were mathematical symbols and techniques vague fabrications of evil, just as it was thought in the early Dark Ages.

In Germany the best known arithmetic teacher was Adam Riese (1492-1559) from Annaberg, who wrote a series of teaching books in arithmetic, such as “Arithmetic with the pencil” and “Arithmetic on lines”. Ulrich Wagner wrote the first printed German book in arithmetic in 1482 in Bamberg (Goodson, 1994).

In the late 16th century the Mathematicians stopped being occupied with basic enumeration and turned to other issues, such as the theory of numbers and the logarithms. This period indicates a transition of the West to new intellectual patterns. The Enlightenment’s premise consisted of an emphasis to prognosis, the sciences and rationale. The meaning of what the human role in society is changes. Man is not considered to be just a passive viewer but an active protagonist in his life and environment. This is an era when the foundations of capitalism are to be laid. However, many years were yet to pass for Mathematics to be established as knowledge, not only accessible, but also necessary for all human beings (Yeldham, 1936).

In England, the Arabic numbers became popular during the second half of the 16th century. From the 16th century on, the use of arithmetic in trade was the only reason for its study. Due to this belief that prevailed for many years, the necessity of teaching arithmetic in schools was out of the question (Lawton, 1978). Mathematics, on the one hand, was a higher subject of great antiquity, one of the four-quadrivial arts. On the other hand, arithmetic was a subject that was increasingly associated with the education of the poor and other low status people -artisans, clerks and tradesmen- who needed some knowledge of arithmetic to carry out their occupations (Aldrich & Crook, 2000). Due to the fact that only those dealing with trade learnt arithmetic, this subject was considered vulgar. This is what made Charles Godfrey, a man of Cambridge, say three centuries later: “There is a ruling class in England, which is interested in sports and literature and does not know or realize that this Western civilization, in which they are parasites, is based on Applied Mathematics. This problem can be faced and the place to overcome it is in schools’’ (cited in Howson, 1982).

As arithmetical knowledge spread, calculation and measurement had a practical application not only in trade or navigation but in political thought as well. A new word was found in the dictionaries of the 17th century in England and that is the word “pantometry”, which means that the measurement of all things is an activity that can be described with one word. People started to have disagreements over the real height of the mountains and the days that had passed since the world’s creation and many were those who got barometers and thermometers in order to measure temperature three times a day. As the idea of having books of accounts passed to governing, it led to “political arithmetic”, namely to the recording of the national resources with the intention of having a rational policy/governing (Swetz, 1984).

Numbers create a sense of unity and finality, they count and calculate, they reveal the proportions and correlations and they predict results. Quantitativeness was regarded as an effective method of analysis and an incomparable explanatory tool. During the chaotic and disorderly years of the Dark Ages, quantitativeness seemed to be an effective way of enforcing order in the world. Alongside with that, the needs of an emerging middle class were associated with measurement and counting.

3. MATHEMATICS EDUCATION IN MODERNITY
The expansion of arithmetical knowledge during the 17th and 18th centuries coincided with the creation of the nation state and the growing of a bourgeois class, but in such a way that did not necessarily lead to the familiarity with Mathematics. The wide circulation of “ready reckoners” during these centuries shows the lack of arithmetic skills among the merchants. Between 1889 and 1937 the pharmaceutical company Beechams Pills Limited distributed over 45 million copies of the Beecham Help for Scholars in England. This pocket size booklet was packed with tables and formulae to encourage proficiency in currency calculations, multiplication, division, factor, geometry and measurement work (Aldrich& Crook, 2000). 

Cohen (1982) claims that, on the one hand trade activity helped arithmetical knowledge to be widely known, but on the other hand it restricted it. The writers of arithmetic books thought, according to Cohen, that this subject was too difficult for the lower class. They tried to simplify this subject but they made it incomprehensible. Those who dealt with arithmetic, emphasizes Cohen, did not come from the lower class. Since they did not deal with trade, the lower class never got an adequate amount of mathematical knowledge, due to the fact it was not necessary to have this kind of knowledge in the tasks they were occupied with. 

It might be argued that what is counted is what needs to be counted and that grows along with the need for exact knowledge. This leads to practical measurement along with practical calculation. But what was the reason that made some things to be noticed more than others? An answer would probably be that in the 17th century they counted not only what was essential and practical, but also what had to be certain and specific (Nikolakaki, 2000).

For centuries, mathematicians gained success after success in explaining the world and empowering human kind within it. Explanations of building, music, navigation and so on were intrinsic to the development of number theory, algebra and geometry and were overwhelmingly successful. Mathematics uncovered truth after truth and its method was the road to the truth (Bailey, 2000).

Arithmetic was to such a great extent associated with trade activities that it was cut off from traditional Mathematics in people’s conscience, creating two categories: superior and inferior Mathematics, noble and vulgar, theoretical and practical. This Mathematical distinction will lead to a further distinction for the nature of mathematical knowledge itself and will raise the question about its specific function: skills or understanding, operations or theory? This ‘pendulum swing’ will be a source of conflict in many educational reforms in Mathematics and will bring up this troublesome question: what kind of Mathematics is essential for pupils? (Goodson, 1994, Stazn, 1995).

It has been historically given that practical or low mathematics would be taught in the basic education, which would be that part of education, which is for the masses. In that way it was ensured that basic mathematical skills would be transmitted, ensuring that this necessary knowledge for everyday life and for trade would be usable. On the other hand, in higher education, theoretical and higher mathematics would be needed and taught for the development of science and technology.

Gradually, mathematics became more and more detached from its relationship with the real world. Rigor became an overriding concern, and the creation of a unified systematic logical structure the goal. In turn, this process created its own contradictions or paradoxes, and attempts to resolve them produced not one mathematical perspective but many and continued the separation of mathematics from reality. Values therefore lie, not only in what mathematics is used for but also in what kinds of truth it deals with (Bailey, 2000). 

However, teaching mathematics in primary education did not start until the 19th century. A reason for not teaching Mathematics in Primary Education was that it was thought to be too difficult for young children (Yeldham, 1936). Only with the emergence of new learning theories in the 19th century was it possible for children younger than 10 or 12 years old to be taught Mathematics. The psychological theories, formulated during the 18th and 19th century, led to this. Beginning with a philosophy that referred back to Plato and Aristotle, the theory of faculty psychology, claiming the development of particular intellectual abilities or mental functions, legalized the teaching of arithmetic in the basic education. This theory, which was developed by Christian Wolf (1679-1754), a German philosopher and mathematician in Psychologia Rationalis, claimed that the mind consisted of different parts that could be reinforced through suitable exercise. In his view, arithmetic would reinforce will and logic (NCTM, 1970).

When a middle class started to rise under the providence of capitalism, the need for a nation-state gradually emerged. In modernity, with the creation of the nation-state, a need that emerges is the cultivation of the citizens’ conscience or otherwise the construction of citizens. To this end, citizens are obliged to be educated and the state is obliged to educate them. The foundation of public schools and the need to construct logical citizens gradually established the teaching of arithmetic (Popkewitz, 2002).

USA was the first country that introduced arithmetic in the educational system. There were two main reasons for this: the connection of this subject with the ideology of progress and the recognition of the rational citizen as the main political factor in the New State (NCTM, 1970).

At the beginning of the 19th century numbers were connected with the idea of social progress it was supported that, since the democratic institution aimed generally to personal and social prosperity, it had to be periodically assessed. One way to assess the value of the democratic institution was the use of political arithmetic, because numbers were considered to be objective, since they claim to have no subjective value elements and they were more convincing arguments than opinions or rhetoric. The ability of arithmetic not only to produce progress but also to measure it explains why arithmetic held this position in the educational system (Kamens & Benavot, 1992).

In France, after the French Revolution, the introduction of arithmetic was connected with the principles of the French Revolution, the culture and the consolidation of the nation/state the creation of new political attitudes, the propulsion of devotion to the state and finally with the creation of a common civil society.  This was to be at least at the rhetoric level and arithmetic was introduced in the school system in France by Napoleon the Great. He was also the one who legislated the national education system in 1808, which defined the teaching of reading, writing and arithmetic (Bailey, 2000).

Mathematical knowledge and ability never held a superior position in the school program in any educational system. The traditional Muslim schools in North Africa in Middle East or in the Persian Gulf emphasized reading and learning the Koran by heart, as well as contemplation on religious ceremonies. Mathematics, if it existed, held a secondary place as a subject (Massialas & Jarar, 1983). In Japan, arithmetic was suitable only for the trade class. Even in the mid-twentieth century there were nations that devoted very little time to Mathematics (Morocco, India, Iceland, Ireland, Luxemburg, South Arabia). And even where Mathematics was taught, it never held the position linguistic and literature subjects had. 

Ramirez and Boli (1982) claim that many educational reforms followed periods of political defeat or financial crises. Belgium, after a financial crisis in the 1830s, introduced arithmetic in Primary Education in 1842. The dissolution of the Swedish Empire and the martial defeat of Germany in 1806, of France in 1833 and of China by Japan in 1895 led to educational reforms and the introduction of arithmetic in Primary Education. England, after its humiliation in the Great (European) Exhibition in 1895, was forced to introduce the teaching of arithmetic. The introduction of arithmetic in Primary Education in different countries is shown in the following chart.

	COUNTRIES

	YEAR OF INTRODUCTION OF ARITHMETIC IN THE EDUCATIONAL SYSTEM

	USA
	1790

	PRUSSIA
	1794

	RUSSIA
	1802

	HOLLAND
	1806

	FRANCE
	1806

	DENMARK
	1808

	CANADA
	1828 (ΟΝΤΑRΙΟ)-1850 (QUΕBEC)

	ITALY
	1834

	BELGIUM
	1842

	PORTUGAL
	1854

	SPAIN
	1857

	ENGLAND
	1861

	JAPAN
	1872

	AUSTRALIA
	1873-80

	CHINA
	1905

	ΙNDIA
	1835

	EGYPT
	1848

	ΒRΑΖΙL
	1879

	SERBIA
	1899

	IRΑQ
	1920

	ΙRΑΝ
	1930


Source: Meyers J.  et al. : School knowledge for the masses: World models and National Curricular categories in the 20th century, Falmer Press, 1992.
By the end of the 19th century, an anxiety emerged about the efficiency of the educational system in various countries in comparison with those of the more developed countries, which was accepted as a general pattern. Gradually, the connection of the teaching of arithmetic with the construction of the rational, productive citizen was taken for granted in the international educational ideology. Until the beginning of the 20th century, most countries had already included Mathematics in their educational programs. Kamens and Benavot (1992) claim that this is due to an increasing acceptance between the nation–states, that the national progress is assured by the creation of a rational and productive citizen, who is purposeful, who has aims and is an active member of the state. Modern subjects were thought to be essential for the creation of this citizen. Among them was Mathematics, which had to be included in the school program. 

In consequence, the teaching of “modern” subjects, such as Mathematics was related to national progress and success. Therefore, as new links were created between the nation and the individual, and as new definitions for the citizen were stated, public schools (basic education) and “modern” subjects, such as Mathematics were considered to be essential means for the new citizens’ social life.

 This belief was even more strengthened during the 20th century. Kamens and Benavot (1992) claim that, although there were disagreements about the content of Basic Education, there were not any disagreements about the necessity of teaching Mathematics 
with an inclusion of a need for a different kind of “political arithmetic”, and the construction of a clear and definite educational policy for Mathematics, which takes account of the global condition, are necessary once again. In the context of neoliberal capitalism and under the shadow of globalization, the role that mathematics education must overtake is, on the one hand its contribution to the humanization and democratization of society and on the other hand the support of economic prosperity for the citizens instead of multinationals and the conglomerate that constitutes the “markets”. In order to understand all the devastating effects and consequences of neoliberal capitalism a critical mathematics education is needed. Paul Ernest (2010) supports that: “this involves critically understanding the uses of mathematics in society: to identify, interpret, evaluate and critique the mathematics embedded in social, commercial and political systems and claims, from advertisements, such as in the financial sector, to government and interest-group pronouncements”. 

Today, in what has been called the Knowledge Society there is a basic dualism as far as mathematics education is concerned: whilst due to the connection of technology to mathematics, there is no modern society that can exist without doing mathematics, the majority of people in it can survive with understanding some Mathematics (Gellert &Jablonka, 2009). In other words, the demand of doing mathematics has been simplified, due to the presence of computers and due to the means of ready data and arithmetical facts, but the importance of creating Mathematics is greater than ever. Therefore, there is a contradiction between the mathematization of society and the de-mathematization of its members needs (Keitel, 1989). 

What we claim is that the teaching of mathematics today does not assist citizens to awareness since citizens are not able to comprehend the connection between political life and numbers. It pacifies them, by getting along with only little mathematics, cut off from real life, making citizens neutralized as claimers of powers by not understanding the full consequences of neoliberal capitalism. A Political Arithmetic for the peoples that’s contributes to and grows conscientization and denial of oppression and manipulation is needed. 

We are living through New Dark Ages (Nikolakaki, 2010), and only knowledge can give light to the darkness. The politicians and the media are keen in hiding information, masking it and de-informing the peoples, who are shown only a distorted part of the picture and live their lives manipulated. A re-mathematization of society is needed and Mathematical Literacy has to include new important elements to assist the citizen of neoliberal capitalism not only to survive but also to resist oppression and manipulation. This re-mathematization will take a form of a new “political arithmetic”. This new political arithmetic will take the form of critical mathematics education, with “critical” as used by Critical Pedagogy. Only this time, what will be counted is how “markets” are robbing society of a livable life and what to do to resist and have society take back its power. 

What that might be in teaching terms is something that needs to be researched and cultivated by mathematicians around the world. For example, in order for citizens to analyse how they have become victimized by current policies more knowledge of economics is needed. If society is to take control of its existence, then it has to have the knowledge to understand what those who run neoliberal capitalism are doing. This knowledge also has to become common knowledge and not knowledge of a few who battle against neoliberal capitalism. As Paul Ernest (2010) claims, “Economics is applied mathematics and this is the main language of politics, power and personal functioning in society. Every citizen needs to understand the limits of validity of such uses of mathematics, what decisions it may conceal, and where necessary reject spurious or misleading claims. Ultimately, such a capability is a vital bulwark in protecting democracy and the values of a humanistic and civilised society”. Not only do the citizens require some skills in mathematics when shopping to obtain happiness like Mr. Micawber to live so that income exceeds expenditure-but also to protect themselves from the unscrupulous. It is also a protection against partial truth so prevalent in political slogans. Statistics are very important here.

At a second level, Mathematics education is essential for people not only to understand but also to resist.  Political Arithmetic in the 21st Century, under the guise of New Dark Ages should not only be of understanding mathematics and economics, but also targeted to grow citizens awareness of capitalism’s consequences on society and how enslavement is produced. 

Very useful to this analysis is Paulo’s Freire concept of conscientization. As Paulo Freire stressed, conscientization focuses on achieving an in-depth understanding of the world, allowing for the perception and exposure of social and political contradictions. Conscientization also includes taking action against the oppressive elements in one's life that are illuminated by that understanding. Mathematics is a useful tool for the conscientization of the citizen, enabling him/her to realize those aspects of life where ability with quantities is crucial or expands choice, and empowering, where awareness frees him or her from indoctrination or prejudice. A critical mathematics education is needed in a time where society is under siege by the conglomerate that is called the “markets”, in order to understand how injustices are produced and inequalities enlarged. A critical mathematics education can also inform how resistance can be organized. 

As Keitel and Vithal (2009)remark:

Competencies to evaluate mathematical applications and ICT, and the possible usefulness of its problematic effects, now seem to be a necessary precondition for any political executive and for real democratic participation of citizens. 

Mathematics more deeply, along with other disciplines has to tell us much about the human condition, in particular of how we stand with regard to the nature of different kinds of truth and the character of meaning, and in not taking either truth or meaning for granted. Mathematics education is an important means in cultivating the inner self, by reason and rigor. This been said, is very vague and leads ultimately to more questions. What is the role for mathematics education in preparing the critical active citizen? And in what ways is mathematical literacy useful to the peoples? What would be the major contribution of Mathematical Literacy to society today? Socrates, so long ago, gave for the usefulness of Mathematics the following answer: “ I think that Mathematics owes its success to the methods, to the high logic rules, to the struggle for the whole truth without the least reconciliation, to the use of the basic principles and axioms, to the avoidance of any inner contradiction”. And Socrates continues, talking to himself: “Very well, but why do you think, Socrates, that this method of thinking and discussion can be used only for the study of numbers and geometrical shapes? Why can’t you persuade your fellow-citizens to adapt the same high logic rules to every social section, for example, to philosophy and politics, to the discussion of everyday problems in public and private life?’’ Socrates’ belief is still timely. 

5. CONCLUSIONS

Mathematics is a significant part of human experience and for millennia has enthralled those with the skill to do it and fascinated those who can appreciate it. Without it, there will be no complete understanding of what we mean by being proved true, nor can there be a grasp of the range of aesthetic experiences open to humanity (Bailey, 2000). 

What the study of Mathematics education in capitalism has reveled to us is that it has a strong connection with citizenship, and mathematic education changes according to the socio-economic environment, so they will continue to change. So what are the necessities for critical mathematics education for today?

Critical Mathematics education today not only has to do with dealing with mathematical numbers or operations but also with comprehending the political and practical use of numbers. At the very least it has much empowering usefulness for critical citizenship. As Paul Ernest (2010) supports, “Contrary to popular belief, mathematics is a political subject. Mathematics should be taught so as to socially and politically empower students as citizens in society. It should enable learners to function as numerate critical citizens, able to use their knowledge in social and political realms of activity, for the betterment of both their selves and for democratic society as a whole”. 


Today, neoliberal capitalism has led the whole of humanity to a crisis unknown so far in human history, when all of human rights are endangered. Today, humanity is facing one of the biggest challenges that have ever appeared, leading peoples around the world to enslavement and misery. Today, the role of mathematics education has to include the cultivation of a critical active citizen.  When the financial system has grown to become around 250 trillion dollars and the real economy of the world is about 50 trillion dollars, and a conglomerate of a few plays roulette with the world economy, constituting what Cornelius Castoriadis named a “planetary casino”, citizens will be led to question such a factor and how to resist its presence. This is a new mission that mathematics education has to undertake. 

Through the lens of such an approach the form of Mathematical Literacy supported is for Mathematical Paideia, which means that it contributes to the creation of a cultured personality and the formation of an active citizen. It would be a great challenge for education in the 21st century to broaden the already existing educational models, in order for citizens, through their active performance, to negotiate their educational and other needs. If this is achieved, we will be able to lead humanity towards the Aristotelian POLIS, in which all people participate in the governance of the state, and a third Democracy can be achieved. Cornelius Castoriades (http://www.notbored.org/RTI.pdf) supported that “Society is self- instituted. The difficulty is for this to be conscientized.”  Mathematics education can contribute a great deal to this.
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