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A book on Mathematics and Ethics? Isn’t this a contradiction in terms? Surely of all of the disciplines mathematics can be relied upon to be neutral and ethics free? When I perform a calculation surely it is a misuse of terms to characterise it as ethically good or bad? Correct or incorrect yes, but that is about following rules, a purely logical issue. It is about reasoning and knowledge, not about the good, the bad and the ethical.  

The belief that mathematics is neutral and ethics free is widely held. It is the common-sense view. When applied in financial calculations, mathematical knowledge itself is seen as neutral, value free and without any moral or ethical responsibilities. This is not just a popular view, part of the shared ethos of mathematics, for it is held by many mathematicians and philosophers too.  

Linking ethics and mathematics raises two immediate questions. First of all, can ethics apply to mathematics itself? Can the objective body of knowledge that is mathematics be ethical or laden with any values at all? Or is it neutral and separated from all such human-related concerns? 

Second, can the uses of mathematics in society be ethical or unethical? Whether in the realms of teaching and education, financial calculation, science and technology, or in society more widely do the applications of mathematics raise any ethical issues? On this second question the answer is resoundingly ‘yes’. Any tool can be used for good or ill, and being able to make judgements about such uses with regard to how they help or harm humans is the essence of ethics. But first, I need to say more about what ethics is.

What is ethics?

Ethics is that branch of philosophy concerned with the good and human flourishing. So utility, benefit, value for human development, as well as evil, harm and detriment are all the concerns of ethics.

However, I want to separate out ethics-in-practice, also called applied ethics, from ethics as a branch of philosophy. The extent to which people’s everyday behaviours and actions are good or not is ethics-in-practice. The professional behaviours of mathematicians and mathematics teachers concern ethics-in-practice. There exist guidelines for ethical conduct in these work environments but discussions of how professionals behave is related to their roles, the trust in them because of their positions, and the limits to taking advantage of the power conferred by professional positions, all concern ethics-in-practice. Doctors must not have intimate relationships with patients, lawyers must not reveal confidential information, mathematics teachers must not disclose examination papers in advance of tests, mathematicians must not publish other mathematicians’ proofs and findings under their own names. These are all primarily ethical rules of conduct that arise in professions without the involvement of philosophy.  

In contrast, ethics as a branch of philosophy is concerned with the underpinning assumptions and reasoning in a system of ethics. It is the study of theories of the good and of right behaviour. is Also known as moral philosophy ethics is that branch of philosophy that involves systematizing, defending, and recommending concepts of right and wrong conduct. Ethics seeks to resolve questions of human morality by defining concepts such as good and evil, right and wrong, virtue and vice, justice and crime. It does not seek to define codes of human behaviour in specific professional situations. That is the job of ethics-in-practice. After all, only a tiny minority of people are philosophers, but everybody has to make ethical decisions in their everyday and professional lives. Everybody is taught that stealing other peoples’ possessions is wrong, for example, and does not need a philosophical study of ethics to learn it.  

This book touches on both ethics-in-practice and moral philosophy, but also on broader philosophical issues. For the fundamental question as to whether mathematics is ethics-free and value-neutral is primarily a philosophical one, and it brings in broader considerations about knowledge and its nature, which are more than just questions from moral philosophy.  Later in this introduction I will add a few more details to this sketch of what makes up ethics as a branch of philosophy.  

How does Ethics enter into mathematics?
I want to distinguish five different ways in which ethics enters into mathematics. These are about both the subject of mathematics as a body of knowledge and about people’s mathematical practices, and raise different types of questions.
1. Professional ethics of mathematicians -- Do mathematicians behave well (and honestly) to each other in research and towards other persons in society?
2. Professional ethics of mathematics teachers - Do mathematics teachers treat their students well? Do they do what is best for them? Is the teaching of mathematics beneficial? For all?
3. Ethics of mathematical applications – What are or should be the ethical limits of mathematical applications to ensure the good for all and safety of society? Are such limits justified?
4. Unintentional ethical impacts of mathematics in society – Do the role and value attached to mathematics in society result in unintended or hidden ethical impacts or consequences? Is the mathematical mode of thinking always beneficial in society?
5. Ethics of pure mathematics – What ethical values does pure mathematics incorporate or embody, if any?

This list may not exhaust the ways in which mathematics can have ethical consequences, and there is nothing special about the number five here.[footnoteRef:1] However, to the best of my knowledge, this list includes all of the major ways in which mathematics and ethics relate.[footnoteRef:2] It contains the fundamental questions that this book tries to answer, and each identifies a dimension of how mathematics and ethics are related. [1:  There is a book named The ethics of geometry (Lachterman 1989) which does not fit under these headings. But nor does it treat ethics in the way it is understood here, about the good.]  [2:  Two other ways in which mathematics and ethics are related is as follows. First, in any empirical research on the teaching and learning of mathematics or into mathematicians there are ethical research issues including avoidiance of harm and detriment to all participants, informed consent by all, and confidentiality and non-identifiability for all involved. This is not specific to mathematics but required of any comparable research involving human subjects. Second, there is a huge problem facing humanity, what D’Ambrosio and others term the problem of survival with dignity. This is in the face of the catastrophic environmental and ecological disaster we are facing on earth and contributing to via climate change, the despoliation of the land, and the abuse of its creatures and resources. Mathematics is part of the problem and from any ethical perspective needs to be part of the solution. It could be argued that this is part of the third and fourth dimensions listed above, although a problem of this scale dwarfs the other issues that fit under these headings. ] 


Controversies

As we go down this list the questions and issues raised become increasingly controversial. It seems obvious that the professional behaviour of mathematicians and mathematics teachers needs to be ethical, so there is no surprise in the first two.  It also is widely accepted that mathematical applications need to be ethical, the third category. For example, obtaining private data from millions of unwitting social media users and using algorithms to analyse and use this data to secretly influence their purchasing and voting intentions is unethical and, not surprisingly, also illegal in many countries. Whether or not the intentions of these social media users were changed is immaterial. The attempt to do so covertly with unauthorised data is unquestionably unethical, that is, bad.  

The ethical issues about using mathematics (and physics) to create the atom bomb in the Manhattan Project are not so clear cut. On the one hand, nuclear weapons are the most powerful and harmful weapons of warfare ever devised. Is this bad? On the other hand, if the Second World War was a just war, then ending it quickly with atom bombs saved many Allied soldiers lives. However, the issue is not as clear cut as this because there are further questions. Was it necessary to drop two atom bombs? Can a calculation show that more lives were saved than lost? Are the Allied soldiers’ lives that were saved worth more than the Japanese civilians’ lives that were lost? Are decisions made in the heat of war, when the very survival of nations seems to be at stake, and time is of the essence with delays costing lives, different from cool rational decision making during peacetime? Is it even ethical to calculate the number of predicted deaths and lives saved mathematically? I can see that both sides of this controversy have reason and substance behind them. So it is not easy to condemn the application of mathematics involved in creating nuclear weapons as wrong or bad, even with hindsight. What is not controversial is that ethics is squarely there, right in your face, in this case, as it is in many other applications of mathematics.

The fourth category is controversial, depending on what unintended ethical impacts are pointed out. I will argue later that teaching abstract mathematical reasoning as ethics-free can be harmful if the outcome is that appliers of mathematics are led to believe or act as if mathematics and its outcomes are ethics and value free. If policy and decision makers only look for the neatest or most profitable mathematical solutions to social problems without looking at the risks, costs or the lived ethical consequences, the results can be harmful. For example, Credit Default Swaps (CDS) on emerging markets' sovereign debt are a clever product aimed to make money for some people. But these financial investment products have been voted as the most dangerous financial products in the markets (BBC News 2013). CDS were one of the causes of the world financial collapse in 2008 and a CDS market can mean that once a government gets in trouble there's no way out. They were dreamed up by clever quants using sophisticated mathematics. (A quantitative analyst or quant, in financial jargon, is a person who specializes in the application of mathematical and statistical methods to financial and risk management problems.) CDS did give large profits to their inventers and users but they helped to trigger the massive worldwide economic disaster which costs banks, governments and ordinary citizens trillions of dollars over the following decade. Very few, if any, were ever brought to book for the massive worldwide economic disaster to which they contributed. Was this right and just? Should the clever quants that created these financial instruments have had ethical boundaries that discouraged them from designing and implementing these mathematical applications? Should some of them been punished? Or assuming the financial collapse was unintentional – was it just an accident for which the quants have no ethical responsibility? Jason West (2012) argues that ethics is mostly absent from the education of quants, but needs to be included, to try to prevent such catastrophes in future.

As this example suggests, this fourth category can very controversial, although this example might also fit under the third topic. The fourth category is further illustrated by the following claim I made in print (Ernest 2018 and Chapter 4 below): 

There is an outstanding use of mathematics as the basis of money and finance, and hence mathematics enables the distribution of wealth. As the key underpinning conceptual tool mathematics is therefore implicated in the global disparities in wealth and life chances manifested in the human world. 

This claim immediately precipitated controversy, such as in Airaksinen (2018): “Prof blames mathematics for 'global disparities in wealth'.” Perhaps my claim was radical, but it was the uses of mathematics, not mathematics itself, to which I was pointing in this case. Airaksinen’s review not only stirred up controversy but also outrage in a number of further comments in social media who based their reports only on the review.[footnoteRef:3]  [3:  One review opens ”On this line of postmodern, sociology of knowledge reasoning, mathematics harms the dumbest by making them feel inadequate, and conditions the very capable to ignore “ethical” values and do research with the military, or whatever is bad this week. Who in the real sciences cannot but dislike sociology?” and ends “So, you see nothing is safe from the ravages of the Left. There is little point arguing with them, for they are attempting to deconstruct “rationality.” We need to recognise that this is a political battle for nothing short than the survival of the West and Christendom.” Jensen (2018). Half a dozen similar critical reviews were also published in the internet, several less rationally argued than this one. My point here is merely that the topic is controversial.] 


In Chapter 4, a version of which sparked outrage, I make further claims that the teaching and learning of mathematics can inadvertently cause harm. I argue that the abstract nature of pure of mathematics leads to styles of thinking that can be damaging when applied beyond mathematics to social and human issues. Mathematics is primarily about operating on abstract objects and structures without worrying about feelings. But if we extend such ways of thinking to societal applications they can be hurtful and harmful. Also, for a minority of less successful students the personal impact of learning mathematics can be negative, in terms of self-confidence and life chances. This is another example of unintentional damage.

The fifth category concerns the ethical values embodied in pure mathematics. This is by far the most controversial area, for to many people the claim that pure mathematics is intrinsically ethical and value-laden is problematic right from the outset. Critics of this view include many mathematicians and philosophers as well as members of the public, since it challenges the received ‘common sense’ view of mathematics. Many see this view as a contradiction in terms. For if mathematical knowledge is objective truth, the argument goes, then values and preferences cannot be involved as they are subjective. Ethical values are therefore irrelevant by definition. Thus to challenge this received view and to establish that mathematics of itself is ethical one may need to show that mathematical knowledge is not objective in the traditional sense of timeless, universal and superhuman, and also that ethics is not subjective in the purely personal sense.

Bringing ethics together with mathematics thus sparks up a heated and controversial debate. Given that some people complain that mathematics is dull, this sounds like a good thing.  

Who decides what is ethical?

One of the issues I have skirted around is the question of who decides what is ethical? On the one hand there are different systems of values and ethics associated with different cultures and countries. In Thailand touching a stranger, acquaintance or even a child on the head is to break a taboo. In other words, it is understood as bad. In the United Kingdom touching a stranger or an acquaintance on the buttocks is not done and is offensive. This too is considered bad. Varying societies have chosen and established their own codes of ethics and morals and these differ significantly. 

Any discussion of ethics that fails to mention social justice is one-sided. Although social justice issues are political, they are surely ethical too, since they concern what is good or bad for minority groups or everyone in society. Speaking generally the discussion of ethics is most often about whether individual actions are good or not. In contrast social justice issues are more general issues about what is good or not in a society. However, almost all societies have groups of different political orientations which means that there co-exist different and indeed conflicting ideas about what constitutes a good society. Thus different political orientations often come with different ethical norms and values. For example, in most European countries the state provision of healthcare at the point of need is regarded as a public good, and large tranches of national budgets are devoted to it. In the USA the provision of healthcare at the point of need through the federal or state budgets is not accepted as a public good. If persons cannot pay for their own healthcare they will not get it in the USA, unless they find come charitable sector provision. Both of these perspectives have justifications in terms of ethical reasoning. In Europe we would stress equality and a public ethic of care. In the USA the justifications emphasise individual freedoms and opposition to taxation designed to support public healthcare, which is viewed as the curtailment of personal freedom. So what we regard as the most important public goods in these countries varies, but both systems have an ethical basis. My own opinion favours the European outlook, but I don’t feel I have the right to condemn other systems of ethics as bad in principle, even if some of the outcomes are, in my view, less than good. 

In education, some Middle Eastern and African countries require learners to listen respectfully to their teachers and never to question them. In many European countries we claim that we want to encourage students to question and challenge some of what they are told, to become active inquiring learners. Cultures that encourage students to seek out the ‘right’ answer differ from our culture where we encourage ‘discovering’ a reasoned answer. However, I believe that in practice encouraging students to challenge teachers’ knowledge claims and expertise happen less often than we claim, and is less popular than we may hope. But even ignoring this possible mismatch, it cannot be said that either pedagogical approach is better in the sense of being more ethical than the other. It depends on which values we prioritise: respect for ones elders, or a questioning and exploring mindset. Ethical judgements as to what is good depend on the broader set of social values and principles. Not only are ethics and values culture dependent, they are also time dependent. Corporal punishment of students in Europe was widely accepted during my childhood, but now it is regarded as bad and is banned almost everywhere by law. In this and other cases, what was viewed as good yesterday is seen as bad today. As cultures and societies develop and interact, ethical values are formed, tested and adapted. So the question of who decides what is ethical is not a clear-cut with an answer that holds everywhere and at all times.


Ethics, social justice and politics

In this discussion I have raised the issue of the relationship between ethics and social justice. Clearly social justice issues have an ethical basis, since they are about what is good for society and some of the population groups that make it up. But the link between individual ethics and the political is mediated a range of values. These values concern what makes for a good society and what are the constraints, supports and opportunities for individuals and their activities within society. Here we should try to balance the rights and responsibilities of individuals against what is understood to benefit everybody. If we take liberty, equality and caring as three base ethical values, how we prioritise and balance them against each other gives rise to a continuum of political philosophies and positions, a rainbow of different visions of the good society. Communism prioritises equality above liberty and caring. West European social democracies try to balance all three values in their policies and institutions. The policies of the United States of America put liberty ahead of equality and caring. Different societies have different value priorities but, certainly in the West, the overt values positions, encoded in legal frameworks, have supported social justice values. In many countries of the West discrimination based on race, sex, sexual orientation or disability are now disapproved of and outlawed. Of course the greatest source of social injustices, namely economic disparities between different individuals and social groups, between the rich and the poor, are not so easy to outlaw or even oppose. But in bringing this issue up I have drawn the discussion of ethics right into the area of greatest controversy, namely political orientation or ideology. Being an ethical citizen, teacher or mathematician does not and must not require that you adopt any particular political orientation. Being deliberately ethical means that you have a thought-through ethical basis for your beliefs and actions. It does not dictate how the good, as you perceive it, must be achieved. This holds for both your personal and societal perceptions of the good, the good life and the good society. Most political positions, be they left wing, socialist, Labour (in the UK), liberal, green, social democratic, conservative or right wing have an underpinning set of values and an ethical justification. While you and I might prefer certain political positions to others, and can provide a well reasoned argument in their defence, it is wrong to condemn opposing positions as unethical. The democratic values that underpin Western societies, and indeed also mathematics, as I argue below, mean that we must respect our political opponents, their positions, and their ethical values, even when we disagree with them. 

In this book I argue that mathematics is value laden and intrinsically ethical. But I understand and respect the widely held opposing belief, which is indeed the one I held when I was an undergraduate. Through respecting it I am forced to better my formulation and defence of my own position. This is one of the lessons we learn from philosophy. There are many controversies that can be clarified but never resolved, because they are based on different assumptions about knowledge, existence and ethical priorities.     

Mathematics and philosophy

Traditionally, the philosophy of mathematics has been concerned with questions about the nature of mathematical objects and the foundations of mathematical knowledge. What are these objects? Where do they reside: in our minds, in the world or in some objective superhuman realm? Do mathematical proofs guarantee the certainty of mathematical truths? These two questions and the many more they raise, have stirred and troubled philosophers since the time of Plato and his predecessors.

In the past half century a number of mathematicians, philosophers and other thinkers have tried to broaden the concerns of philosophy of mathematics. Perhaps the best known is Imre Lakatos (1976) who argues that philosophy must attend to how mathematicians create and have created mathematics over the course of history, and that this focus contradicts the claim that mathematical knowledge is perfect, superhuman, universal and timeless. Although his insights are still controversial a new subfield called the philosophy of mathematical practice has emerged concerned with what mathematicians actually do in furthering the subject. This brings inquiries down to earth and has opened the door to all sorts of humanistic explorations of mathematics drawing on neighbouring fields all the way from anthropology to zoology. The philosophy of mathematical practice, insofar as it has a unified position, rejects the claim that mathematics is free of any value or ethical considerations. Thus it provides a good background for the investigations in this book; exploring the ethics of mathematics fits well within the rubric of this emergent field.    

Ethics and philosophy

This book explores the relationship between ethics and mathematics. But how is ethical theory treated in philosophy? In moral philosophy, there are three main schools of ethics. First, deontological ethics, which tends to put the ‘absolute ought’ at the summit of any ethical hierarchy and which sometimes is blind toward anything that is smaller than that ought. This suggests that there are absolute ethical rules provided by religion or reason. For example, the Golden and Silver Rules that I draw upon in chapter 2 fall under this heading. The Golden Rule is as follows. Treat everybody as you would wish to be treated yourself. However, attractive as this sentiment is, there is a problematic non-universal element in this rule, concerning how you would wish to be treated yourself. This can vary according to individual quirks, so for example, how a masochist wishes to be treated is not how everybody wishes to be treated. 

Another example is the Silver Rule: First, do no harm. This is also known as the Hippocratic Oath of the medical profession. This rule is dependent on how harm is defined and by whom. Religious wars are justified on the basis that one religion is good and others bad, and so attacking the others is not doing harm. It does not seem right that both sides can use this justification for killing others. Deontological ethics attempts to provide universal ethical rules but these suffer from imprecision of their constituent terms and from a lack of absolute justification or foundation.

Second, there is the school of consequentialist ethics, in which good actions are judged by their consequences for peoples’ lives. Utilitarianism is one form of consequentialism that views a good action as deriving the greatest happiness for the greatest number of people. In its unqualified form this is problematic for two reasons. Actions that cause unhappiness or pain for a smaller number of people can be justified under utilitarianism if they cause happiness for a larger number of people. But this can be used to justify torture or the abuse of small minorities, which would seem to be inhumane and bad, and contradicts the Silver Rule of ethics. In addition, there is the troublesome, and some might argue insoluble problem of how we are to measure happiness for some or many people. This is more than a technical problem of measurement. The dehumanising mindset learned through mathematics that reduces human goods to arithmetic measures is one of the unintended sources of harm that I criticise in chapter 4. 

The third school is that of virtue ethics, in which right action is based on virtues of mind and character. Thus this school argues that honesty or generosity, for example, are understood as intrinsically good. An immediate problem is to justify why we choose one set of virtues and not another. For example, Aristotle’s list of virtues includes wittiness in conversation and modesty in the face of shame or shamelessness. It is true that each moral virtue is located as the mean between two corresponding vices, one of excess and one of deficiency. But virtues such as wittiness and modesty are evidently, if not wholly arbitrary, very culturally and context dependent. Being witty is not an absolutely good thing in all situations and social contexts, such as in grave and ceremonial occasions. We have seen modesty change dramatically in the West. The Victorians thought that for women to expose their ankles in public was shameless. In modern times women wearing body revealing evening gowns at the Oscars ceremony is standard. Thus what is widely accepted as the norm in terms of modesty has shifted widely. There has also been the growth in popularity of the hijab, burqa, and niqab as expressions of modesty in the West. So modesty is a difficult virtue to pin down. Overall, the most troubling question concerns the choice of virtues used to define the good. Who is to decide what set of virtues is best?

Thus all three philosophical schools of ethics despite their strengths have their own dilemmas and problems. Many learned volumes have been written promoting one or other of these schools and reasoning how to overcoming their weaknesses. However, this book is not an exercise in moral philosophy, so I will make no attempt to put forward an ethics of mathematics following any one of these schools. I have already distinguished ethics-in-practice from philosophical ethics, and it is the former that I will draw on more than the latter. When I draw on ethical principles, such as the Golden and Silver Rules, I will not agonise over the foundations of deontological ethics. Perhaps when the emergent field of the ethics of mathematics is more mature it will be beneficial to explore the relevance of these schools of thought more deeply. But here the primary focus is on mathematics, and how ethics relates to it. 
 
Ethics is one branch of the study of values in philosophy, which overall is called axiology. This is usually taken to include the study of beauty and aesthetics, as well as ethics. I want to suggest that there are further areas of values that concern mathematics. Although it is controversial, I wish to include among values: assumptions or beliefs about existence (in philosophy these are called ontological or ontic values) and about reasoning and knowledge (called epistemological or epistemic values).[footnoteRef:4] All of these types of values can be seen as relevant to mathematics. Later on in Chapter 5, I argue that mathematics is value laden and incorporates four types of values listed below as beliefs. I make the case that all values can be expressed as beliefs, although not all beliefs represent values. The four types of values I that claim permeate mathematics as follows:  [4:  Ontology is that branch of philosophy concerning being and existence. Ontological values would have to be explicit preferences or beliefs within a theory or study of being and existence. Ontic values are preferences about existence manifested in reasoning or mathematical practices, but are not necessarily explicitly theorized or acknowledged. Epistemology is the branch of philosophy concerning knowing, knowledge and truth. Epistemological versus epistemic values similarly contrasts explicitly theorized values versus implicit, tacitly manifested preferences, respectively. These contrasts are similar to the one I draw between ethics (as a branch of philosophy, and ethics-in-practice, in which the principles of applied ethics are not necessarily explicitly theorized, systematised or acknowledged.    ] 

1. Epistemological or epistemic values (e.g., the preference for truth); 
2. Ontological or ontic values (e.g., the belief that mathematical objects exist independently of humanity); 
3. Aesthetic values (mathematics is beautiful); and 
4. Ethical values (mathematics is good and/or harmful).

In most of this book I focus on the last of these, ethical values, and investigate the five dimensions and questions, listed above, in which pure and applied mathematics and ethics interrelate. However, ethics and other values are so entwined that focussing exclusively on ethics leaves gaps in a discussion of mathematics. For example, ontological and epistemological values impact on the question as to whether pure mathematics can have any ethical values. The belief that mathematical objects and truths exist objectively, fully independent of humanity is used to argue that mathematics is ethics-free and values-free. Such perspectives are often also associated with the rejection of the idea that there are any ontological and epistemological values at all. For the existence of mathematical objects and mathematical truth is viewed as an objective fact, rather than as a matter of values, beliefs and preferences. Thus from some perspectives, the whole idea that mathematics can be value laden at all is seen as self-contradictory and absurd. From other perspectives, all four types of values are so deeply connected that it makes little sense to consider only the relationship between ethical values and mathematics.    

Whatever your views on this controversy, it is clearly an area worth discussing, even if no consensus emerges. Undoubtedly it is a surprise that a subject viewed as purely objective, seemingly far removed from human emotions and dissent, can generate such strong reactions and heated disputes as it does. Everyone must agree that ethics is an important area to consider when it comes to the teaching and learning of mathematics, and the application of mathematics in science, computing, and across the whole of society. The fact that the topic of ethics, values and mathematics can be so controversial is surely a good reason to discuss it, to bring the underlying assumptions, opinions and preconceptions out into the open. An overt discussion not only helps to clarify the issues, but also underlines the legitimacy of the differing opinions that exist.

This book

This book does not provide a single sustained argument about mathematics and ethics. Instead it treats the five dimensions of the relationship between mathematics and ethics listed above as a series of questions. These dimensions are the professional ethics of mathematicians and mathematics teachers, the ethics of mathematical applications and unintended ethical impacts of mathematics in society, and the ethics of pure mathematics, if any. The book explores these dimensions from a number of directions, by means of a collection of essays. Some focus on one of these five dimensions and some address more than one of them. Some issues are approached through a variety of approaches in several chapters. Different versions of some of the chapters have been published in recent years as free standing papers in journals or chapters in books. Inevitably this results in some repetition, but this means that some of the more challenging themes are returned to and addressed in a variety of ways. 

A search of the literature reveals no other book length treatment of mathematics and ethics, so this is probably the first. But over the past decade there has been growing interest in the topic. Several papers by a variety of authors have addressed this topic in the journals The Mathematical Intelligencer and The Philosophy of Mathematics Education Journal.[footnoteRef:5] The first international conference on Ethics in Mathematics took place in April 2018.[footnoteRef:6] Unlike the sciences, including the physical, biological and environmental sciences, mathematicians and philosophers have been slow to consider that ethical issues have any relevance to mathematics. I discuss this in more detail in chapter 4. However, ethics is now firmly on the agenda for mathematicians and philosophers, as well as for educationists and this book is intended as a contribution to this debate.     [5:  This is accessed via http://socialsciences.exeter.ac.uk/education/research/centres/stem/publications/pmej/]  [6:  This conference took place at the Mathematical Sciences Institute, University of Cambridge, and has a very informative website with links to all the talks at http://www.ethics.maths.cam.ac.uk/EiM1/] 


The chapters of this book

Chapter 1: The Ethos of Mathematics: Is mathematics a value-free single entity? 
In this chapter I explore the ethos and the nature of mathematics. I examine two widely held views of mathematics. These are, first, that mathematics is a single, unique and unified subject. Second, that mathematics is a body of pure knowledge that is objective, neutral and free of any values and ethics. I challenge the first view by showing that the name mathematics has many different meanings, both within mathematics, and across all the different disconnected branches; also throughout society, in terms of the different things that people refer to with this single name. I go on to show how values may be seen to permeate all of mathematics, although this view remains controversial. The chapter characterises these two views as myths, part of the ethos of mathematics which is both mistaken and potentially harmful. Challenging the view that mathematics is value and ethics-free is one of the recurrent themes that permeates this book. It is one of the cornerstones for the argument that ethics has any relevance to pure mathematics at all. 

Chapter 2: Ethics and the mathematics teacher 
This chapter discusses the first of the five dimensions of mathematics and ethics outlined above, the professional ethics of mathematics teachers and lecturers. In my analysis, the ethics of the mathematics teacher can be seen as a set of two nested responsibilities and one application. First, I contend that all human beings have responsibilities towards other humans and to society. Second, all professionals have responsibilities towards the institutions of which they are a part, and towards the roles that they undertake take, and to their clients. Third, a mathematics teacher has specific additional responsibilities because of the particular nature of their job of teaching mathematics to students. These are: to treat students with care and respect; to teach mathematics in an effective way that benefits the students; to be engaged with the profession, keep up to date with research and developments, and to maintain their own interest and enthusiasm. From the perspective of the mathematics teacher, this third set of responsibilities is the one that relates most closely to teaching of mathematics to students in a school or college. The issue is made all the more complicated because there are a range of different philosophies or views about of the aims of teaching mathematics.  All of this is discussed from an ethical perspective.  

Chapter 3: A Dialogue on the Ethics of Mathematics
This chapter is presented as a dialogue between two speakers, Absalom, an absolutist who regards mathematics as neutral and ethics-free, and Consuela, a social constructivist that argues that even pure mathematics has intrinsic ethical values, as I argued in chapter 1. Consuela claims that whatever philosophy of mathematics one adopts ethical values can be identified within mathematics. Mathematics is itself a human good, and by its very nature it embodies openness and democracy.  In addition, from the social constructivist perspective, there are further arguments that can be made to strengthen its conclusion. The dialogical format of this chapter means that the strengths and weaknesses of both sides of the controversy are explored in a style that is lighter than a traditional philosophical paper.

Chapter 4: The Ethics of Mathematics: Is mathematics harmful? 
This controversial chapter challenges the idea that mathematics is an unqualified force for good. Instead it suggests that learning mathematics can inadvertently cause harm unless it is taught and applied carefully. I begin by acknowledging that mathematics is a widespread force for good. However, I go on to make the novel case that there is also significant collateral damage caused by learning mathematics. First, the nature of pure of mathematics itself leads to styles of thinking that can be damaging when applied beyond mathematics to social and human issues. Second the applications of mathematics in society can be deleterious to our humanity unless very carefully monitored and checked. Third, the personal impact of learning mathematics on learners’ thinking and life chances can be negative for a minority of less successful students, as well as potentially harmful for successful students in the ways just described. The chapter ends with recommendation for the inclusion of the philosophy and ethics of mathematics alongside its teaching all stages from school to university, to try to reduce any harm caused. 

Chapter 5: Mathematics and Values
This chapter tackles the widespread perception that mathematics is objective and value-free and that values only enter into mathematics subjectively in the personal preferences of mathematicians. I argue that, on the contrary, mathematics itself is value-laden; imbued with full range of values: epistemological, ontological, aesthetic and ethical values. I identify a range of particular values that permeate mathematics, namely truth, universalism, objectivism, rationalism, objectism and ethics, including utility and purity. It is of course controversial as to whether these are all values of mathematics, or whether some, such as truth, are simply necessary parts of mathematics. I argue that values are indicated by preferences expressed and choices made in terms of beliefs and underlying frameworks. The initial choice of the framework of absolutism and its underlying assumptions is not forced upon us by necessity. Once this choice is made it follows that mathematics is ethics-free and largely values-free. However, other choices of more humanistic frameworks and philosophies of mathematics leads to the conclusion that mathematics is imbued with ethical values, including openness, fairness, democracy and that even pure mathematics is implicated in human well-being and is therefore imbued with ethical values.

Chapter 6: What is our First Philosophy in Mathematics Education? (Answer: Ethics)
A ‘first philosophy’ is the most fundamental philosophy, the one that is presupposed before any further reasoning or philosophizing can even begin, within some practice or area of knowledge. The chapter explores a range of five philosophies underpinning research in mathematics education to identify that which is most fundamental. It has been argued that epistemology comes first because it is the basis for all our knowledge and knowing. Other philosophers propose ontology as the first philosophy because, without Being, as opposed to beings, there is nothing at all to investigate. Third, Levinas posits ethics as the first philosophy, on the grounds that any philosophical questioning presupposes a human questioner and being human rests primarily on ethics. I further argue that two further branches of philosophy are relevant, the philosophy of mathematics, which inquires into the nature of mathematics including its objects and knowledge, and Critical Theory, which considers the role of scientific and mathematical knowledge in society, as well as issues of social justice and social critique. The claims of each of these five candidates as the first philosophy of mathematics education is considered, and I come to the conclusion that ethics is the most essential and fundamental foundation for mathematics education, its first philosophy, which precedes any other reasoning or theorising.
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