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Î� Î� Ô!Ô!„9¾ ¾ Î� Î� ™ 9� ô#ô#ô#Ô!X¾ Î� ¾ Î� ^9ô#Ô!^9ô# ô#� $Æ&&z� ¾ ¾ È7Î� Â�  pU29É"È� :� ,"T�  7� "9<¯90ß9´7� ¥=€#X¥=(È7Ò Ò ¾ ¾ ¾ ¾ È76¥=¾ ş7$� ¤� � � ¬� * � ô#Ö� ¼� ’� B� ¤� ¤� ¤� „9„9Ò Ò ä ¶� „Ø#� Ò Ò ¶� � � � VALUES AND THE SOCIAL RESPONSIBILITY OF MATHEMATICS Paul Ernest University of Exeter, UK p.ernest(at)ex.ac.uk MATHEMATICS AND VALUES Mathematicians have a strong set of values that are constitutively central to mathematics. For example, Hardy (1941) argues that the most important mathematical theorems have both beauty and seriousness, which means they have generality, depth and contain significant ideas. Within 
mathematics, problems, concepts, methods, results and theories are routinely claimed to be deep, significant, powerful, elegant and beautiful. These attributions cannot be simply dismissed as subjective, because mathematicians and epistemological absolutists claim that at least some of these properties reflect objective features of the discipline. Human interests and values play a significant part in the choices of mathematical problems, methods of solution, the concepts and notations constructed in the process, and the criteria for evaluating and judging the resulting mathematical creations and knowledge. Mathematicians choose which of infinitely many possible definitions and theorems are worth pursuing, and any act of 
choice is an act of valuation. The current upsurge of computer-related mathematics represents a large scale shift of interests and values linked with social, material and technological developments, and it is ultimately manifested in the production of certain types of knowledge (Steen 1988). The values and interests involved also essentially form, shape and validate that knowledge too, and are not merely an accidental feature of its production. Even what counts as an acceptable proof has been permanently changed by contingent technological developments (De Millo et al. 1979, Tymoczko 1979). Overt or covert values can thus be identified in mathematics underlying the choice of problems posed and pursued, the features 
of proofs, concepts and theories that are valorized. Deeper still, values underpin the conventions, methodologies and constraints that limit the nature of mathematical activity and bound what is acceptable in mathematics (Kitcher 1984). These values are perhaps most evident in the norms that regulate mathematical activity and the acceptance of mathematical knowledge. At times of innovation or revolution in mathematics, the values and norms of mathematics become most evident when there are explicit conflicts and disagreements in the underlying values. Consider the historical resistance to innovations such as negative numbers, complex numbers, abstract algebra, non -Euclidean geometries and Cantor’s set theory. At 
root the conflicts were over what was to be admitted and valued as legitimate, and what was to be rejected as spurious. The standards of theory evaluation involved were based on meta-level criteria, norms and values (Dunmore 1992). Since these criteria and norms change over the course of the history of ideas, they show that the values of mathematics are human in origin, and not imposed or acquired from some timeless source. The Values of Absolutist Mathematics A further broad selection of values can be identified in mathematics, including the valuing of the abstract over the concrete, formal over informal, objective over subjective, justification over discovery, rationality over intuition, reason over emotion, 
generality over particularity, and theory over practice. These may constitute many of the overt values of mathematicians, but are introduced through the traditional definition of the field. Only that mathematics which satisfies these values is admitted as bona fide, and anything that does not is rejected as inadmissible. �  Thus warranted mathematical propositions and their proofs are legitimate mathematics, but the criteria and processes used in warranting them are not. The rules demarcating the boundary of the discipline are positioned outside it, so that no discussion of these values is possible within mathematics. Once meta-rules are established in this way, mathematics can be regarded as value free. In fact, the values lie 
behind the choice of the norms and rules. By concealing the underpinning values absolutism makes them virtually unchallengeable. It legitimates only the formal level of discourse as mathematics (i.e., axiomatic theories, not metamathematical discussion), and hence it relegates the issue of values to a realm which is definitionally outside of the discipline. An absolutist can reply that the list in the preceding paragraph is not a matter of preferred values, but rather of the essential defining characteristics of mathematics and science, which may subsequently become the values of mathematicians. Thus, the content and methods of mathematics, by their very nature, make it abstract, general, formal, objective, rational, theoretical and 
concerned with justification. There is nothing wrong with the concrete, informal, subjective, particular or the context of discovery, they are is just not part of the character of justified mathematical or scientific knowledge (Popper 1972). Absolutist philosophies of mathematics thus have internalist concerns and regard mathematics as objective and free of ethical, human and other values. Mathematics is viewed as value-neutral, concerned only with structures, processes and the relationships of ideal objects, which can be described in purely logical language. Any intrusion of values, tastes, ‘flavors’  or ‘coloring’  is either an inessential flourish, or a misrepresentation of mathematics, due to human fallibility. Similar ideas 
dominated the thought of the British Empiricists, who sharply distinguished primary and secondary qualities (Morris 1963). Primary qualities were the quantifiable properties describable in the mathematics of the day, comprising the properties attributed to things-in-themselves. These include mass, shape and size; the mathematical attributes of a mechanistic world-view. Secondary qualities include colour, smell, feel, taste and sound, and are understood to be the human subject’s responses to things, and not the inherent properties of objects or the external world. By analogy, human values, tastes, interests can be factored out from ‘objective’  knowledge as human distortions and impositions. This resembles Frege’s (1892) 
view, as I showed in chapter 6. Thus there is a long intellectual tradition which distinguishes values and interests from knowledge, and which dismisses the former as subjective or human responses to the latter. The claim that mathematicians and their practices display implicit or explicit values is not denied by absolutist philosophies of mathematics. It is acknowledged that mathematicians have preferences, values, interests, and that these are reflected in their activities, choices, and even in the genesis of mathematics. But mathematical knowledge once validated is objective and neutral, based solely on logic and reasoning. Logic, reason and proof discriminate between truth and falsehood, correct and incorrect proofs, valid 
and invalid arguments. Neither fear, nor favour, nor values affect the court of objective reason. Hence, the absolutist argument goes, mathematical knowledge is value-neutral. However, the fallibilist view is that the cultural values, preferences and interests of the social groups involved in the formation, elaboration and validation of mathematical knowledge cannot be so easily factored-out and discounted. The values that shape mathematics are neither subjective nor necessary consequences of the subject. Thus at the heart of the absolutist neutral view of mathematics, fallibilism claims to locate a set of values and a cultural perspective, as well as a set of rules which renders them invisible and undiscussable. The Values of 
Social Constructivist Mathematics One of the central thrusts of social constructivism as a philosophy of mathematics (Ernest 1998) is to challenge a number of traditional dichotomies as they pertain to mathematics. Thus it is argued that a number of domains cannot be kept disjoint, including the philosophy of mathematics and the history of mathematics, the context of justification and the context of discovery, mathematical content and rhetoric, epistemology and objective knowledge as opposed to the social domain. An outcome of the breakdown of these traditional dichotomies is that mathematics ceases to be independent of values and interests and therefore cannot escape having a social responsibility. Although the 
traditional absolutist stance is that values are excluded in principle from matters logical and epistemological, and hence can have no relevance to mathematics or the philosophy of mathematics, social constructivism argues that this claim is based on assumptions that can be critiqued and rejected. Mathematics may strive for objectivity, and consequently the visibility of values and interests within it is minimized. However, if the pairs of categories in the above oppositions cannot be regarded as entirely disjoint, it follows that mathematics and mathematical knowledge reflect the interests and values of the persons and social groups involved, to some degree. Once conceded, this means mathematics cannot be coherently viewed 
as independent of social concerns, and the consequences of its social location and social embedding must be faced. In particular, a strong case has been made for the ineliminably contingent character of mathematical knowledge. If the direction of mathematical research is a function of historical interests and values as much as inner forces and logical drives, mathematicians cannot claim that the outcomes are inevitable, and hence free from human interests and values. Mathematical development is a function of intellectual labour, and its creators and appliers are moral beings engaged in voluntary actions. Mathematicians may fail to anticipate the consequences of the mathematical developments in which they participate, but 
this does not absolve them of responsibility. Mathematics needs to be recognised as a socially responsible discipline just as much as science and technology. This does not merely apply to the genesis of mathematics and the context of discovery or the applications of mathematics. As has been argued, it applies equally to logic and the context of justification. For logic, reason and proof have also been shown to be contingent. They include historically accidental features, reflecting the preferences or inclinations of their makers and their source cultures. Thus even the most objective and dispassionate applications of logic and reasoning incorporate a tacit set of values and preferences. THE SOCIAL RESPONSIBILITY OF 
MATHEMATICS Social constructivism regards mathematics as value-laden and sees mathematics as embedded in society with social responsibilities, just the same as every other social institution, human activity or discursive practice. Precisely what this responsibility is depends on the underlying system of values which is adopted, and social constructivism as a philosophy of mathematics does not come with a particular set of values attached. �  However, viewed from this perspective mathematicians and others professionally involved with the discipline are not entitled to deny on principle social responsibility for mathematical developments or applications. The same problem of denial of responsibility does not arise in the 
contexts of schooling. It has always acknowledged that education is a thoroughly value-laden and moral activity, since it concerns the welfare and treatment of young persons. If, as in many education contexts, social justice values are adopted, then additional responsibility accrues to mathematics and its related social institutions to ensure that its role in educating the young is a responsible and socially just one. In particular, mathematics must not be allowed to be distorted or partial to the values or interests of particular social groups, even if they have had a dominant role in controlling the discipline historically. There is an extensive literature treating criticisms of this sort, concerning gender and race in mathematics 
education. It has been argued that white European-origin males have dominated mathematics and science, in modern times, and the androcentric values of this group have been attributed to knowledge itself (Ernest 1991, Walkerdine 1988, 1989, Bailey and Shan 1991). To the extent that this complaint can be substantiated, and there is significant confirmatory evidence, there is a value imbalance in mathematics and science which needs to be rectified. Such distorted values may not only permeate teaching, but also the constitution of the subjects themselves in their modern formulations. I will not pursue this further here except to remark that social constructivism, by admitting the value -laden nature of mathematics and its 
social responsibility, necessitates the facing and addressing of these issues. Social constructivism links together the contexts of schooling and research mathematics in a tight knowledge reproduction cycle. This cycle is concerned with the formation and reproduction of mathematicians and mathematical knowledge, and thus is deliberately mathematics-centred. But if the reproduction of the social institution of mathematics were to be adopted as the leading aim for schooling in the area of mathematics, the outcome could be an educational disaster. For although in most developed and developing countries virtually the whole population studies mathematics in school, less than one in one thousand go on to become a research 
mathematician. Letting the needs of this tiny minority dominate the mathematical education of everyone would lead to an ethical problem, not to mention a utilitarian one. This problem is further exacerbated by the fact that the needs of these two groups are inconsistent. I will not go into the educational details here except to say that what is needed is differentiated school mathematics curricula to accommodate different aptitudes, attainments, interests and ambitions. Such differentiation must depend on balanced educational and social judgements rather than exclusively on mathematicians ’  views of what mathematics should be included in the school curriculum. Mathematicians are often concerned only with improving the 
supply of future mathematicians, and many of their interventions in the mathematics curriculum have been to increase its content coverage, conceptual abstraction, difficulty and rigor. Whilst this may be good for the few, the outcomes are often less beneficial for the many (Ernest 1991). A further issue is that of the social import of differing perceptions of mathematics. There is an interesting division between the mathematicians ’  and the public’s understanding and perceptions of mathematics. Mathematicians typically regard mathematics as a rational discipline which is highly democratic, on the grounds that knowledge is accepted or rejected on the basis of logic, not authority, and potentially anyone can propose or criticize 
mathematical knowledge using reason alone. Social standing, wealth or reputation are immaterial to the acceptability of mathematical proposals, so the argument goes. This claim is an idealization, and I indicate in chapter 6 of Ernest (1998), that social standing does matter to some extent with regard to the acceptance of new knowledge. Furthermore it is not pure, context-free reason that serves as the basis for proposing or criticizing mathematical knowledge, but the context-embedded reason and rhetoric of the mathematics community. This caution must be borne in mind in evaluating the mathematicians’  claims. However, given this caveat, the claim of the mathematicians’  is largely correct. The mathematical community 
greatly values reason and attempts to minimize the role of authority in mathematics. In contrast, a widespread public perception of mathematics is that it is a difficult but completely exact science in which an élite cadré of mathematicians determine the unique and indubitably correct answers to mathematical problems and questions using arcane technical methods known only to them. This perception puts mathematics and mathematicians out of reach of common-sense and reason, and into a domain of experts and subject to their authority. Thus mathematics becomes an élitist subject of asserted authority, beyond the challenge of the common citizen. Such absolutist views attribute a spurious certainty to the mathematizations 
employed, for example, in advertising, commerce, economics, politics and in policy statements. The use of carefully selected statistical data and analysis is part of the rhetoric of modern political life, used by political parties of all persuasions to further their sectional interests and agendas. An absolutist perception of mathematics helps to prevent the critical questioning and scrutiny of such uses of mathematics in the public domain, and is thus open to anti -democratic exploitation. If democratic values are preferred over authoritarian ones, as presumably they are in most countries of the world, then part of the social responsibility of mathematics is to support a climate of critical questioning and scrutiny of mathematical 
arguments by the public. Although superficially this is consonant with mathematicians’  views of the rationality of mathematical knowledge, it does not always fit with the public image of mathematics they communicate. Being aware of this, I wish to claim, is part of the social responsibility of mathematics. There are also important implications for schooling (Ernest 1991, Frankenstein 1983, Skovsmose 1994) Social constructivism has adopted conversation as an underlying metaphor for epistemological reasons, to enable the social aspects of mathematical knowledge to be adequately treated within the philosophy of mathematics. But ethical consequences also follow, and it is worth dwelling a moment on the ethics of 
conversation. Part of the difference between monological and dialogical argument in conversation is the space and respect given to voices other than the proponent’s. I have shown how modern proof theory in trying to remain close to mathematical practice – not for ethical reasons – has admitted the legitimacy of the multiple voices of both proponent and opponent. Habermas (1981) draws upon the dialogical logic of Lorenzen and his Erlangen school in order to ground the philosophical theory of communicative action in human actions and conversation. Much of his motive is ethical in that he posits an ideal speech community in which the alternating voices of persons are listened to with respect. Habermas’s arguments 
for the ethical import of conversation offer support to the position defended here. The analogy with democracy is also clear, namely the legitimacy of multiple voices seeking to persuade, as opposed to the imposed monologue of the dictator.�  A feminist critique of logic and the Western philosophical tradition claims that, first of all, the traditional monologic has been the male voice of authority and power, which denies the legitimacy of challenge except from others speaking with the same voice (Nye 1989). This may seem to be an extreme reading, but it shares a number of points in common with the argument presented above. The social constructivist position is to acknowledge that to be heard, a voice must be from 
someone who is already a participant within a shared language game. But discursive practices grow and change and one generation’s peripheral or excluded voice can become central in the next.�  The very ‘natures’  of rationality and logic are shifting. There is a reflexive point to be made here too, in that social epistemologies like social constructivism have traditionally been excluded from philosophy and the philosophy of mathematics. However their voices are now being listened to and the traditional boundaries of the philosophy of mathematics are being widened to admit the ‘maverick’  tradition. A second feminist criticism is that even where contestation is admitted, the adversary method of traditional philosophy seeks 
not to employ the dialectics which counterpoises the voices of proponent and critic in the quest for a shared higher synthesis. Instead the adversary method is a model of philosophic methodology which accepts a positive view of aggressive behaviour and then uses it as the paradigm of philosophic reasoning. ...The adversary method requires that all beliefs and claims be evaluated only by subjecting them to the strongest, most extreme opposition. (Harding and Hintikka 1983: xv) These authors, with Moulton (1983), offer in contrast to the adversary method, the elenchus, the method of refutation employed in the Socratic dialogues of Plato, to lead people to see their views are perceived as wrong by others. Thus the 
ethics of conversation requires turn-taking in respectful listening as well as in talking. Social constructivism takes the primary reality to be persons in conversation; persons engaged in language games embedded in forms of life. These basic social situations have a history, a tradition, which must precede any mathematizing or philosophizing. We are not free-floating, ideal cognizing subjects but fleshy persons whose minds and knowing have developed through our bodily and social experiences. Only through our antecedent social gifts can we converse and philosophize. I have argued for epistemological fallibilism and relativism, but instead of rendering social constructivism groundless and rootless, its grounds and roots are to 
be found the practices and traditions of persons in conversation. In addition to providing a reply to the criticism that social constructivism is relativistic, this basis is also one that is irrevocably moral. For ethics arises from the ways in which persons live together and treat each other. Thus an outcome of social constructivism as a philosophy of mathematics is that questions of inter -human relations and ethics cannot be avoided and must be addressed. What is now needed, I wish to claim, is an ethics of mathematics, one which acknowledges the social responsibility of mathematics and how it is implicated in the great issues of freedom, justice, trust and fellowship. It is not that this need follows logically from social 
constructivism. It follows morally. In his Ethics of Geometry, Lachterman (1989, back-cover), quotes Salomon Maimon’s emblematic dictum: “In mathematical construction we are, as it were, gods.”  I have argued that in the social construction of mathematics we act as gods in bringing the world of mathematics into existence. Thus mathematics can be understood to be about power, compulsion and regulation. The mathematician is omnipotent in the virtual reality of mathematics, although subject to the laws of the discipline; and mathematics regulates the social world we live in, too. This perspective perhaps resolves the enigma, mystery and paradox of mathematics that I wrote of in the introduction to Ernest (1998). But 
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values and the associated powers of exclusion figure in a number of powerful feminist critiques of mathematics and science, see for example, Ernest (1991), Harding (1991), Walkerdine (1988). �  Elsewhere in the context of education I explored the consequences of a set of values largely consonant with social constructivism (Ernest 1991). Nevertheless, any such set of educational values is independent of the philosophical position. �  I argued in chapter 6 of Ernest (1998) that the emergence of proof in Ancient Greek mathematics, at least in part, reflected the prevailing democratic forms of social organization of the time. �  Sometimes an excluded voice becomes strong in a second language game and then is listened to 
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