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ABSTRACT

This paper chronicles the personal journey of an applied mathematician to understand the role of mathematical thinking in shaping and creating our world, motivated by the events of September 11, 2001.  From thinking about the connections between mathematics and war, I was led to consider more broadly the relationship between mathematics and ethics.  Are there values embedded in mathematical practice that can be applied globally to promote peace and cooperation?  Can mathematical models provide a framework for clarifying ethical issues?  What is the individual’s responsibility for the uses to which their mathematical research is put?  What is the appropriate relationship between science and society?  Is mathematics apolitical?  Should it be?  In this paper I have tried to increase awareness of the myriad ways mathematics and mathematicians are enlisted to further socio-political ends.  These efforts to make visible the cultural work done by mathematics can be viewed as a new twist on “applied mathematics.”  Writing this paper has clarified for me how many of the lessons I learned in my socialization as a mathematician can be applied in other contexts.  In a sense, the most significant applications of mathematics are to be found not in the techno-scientific realm, but rather in the socio-cultural context in which all knowledge production is embedded.  
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“The men of science must refrain from all politics, and think only of purely scientific matters.  If science can’t remain above the current political problems, everything will be ruined.”  

     —Gosta Mittag-Leffler (to Max Planck, 1919.  In Dauben 1980, 270) 

“A democracy, like science, functions best only when all actions are open to question, and when we require the highest levels of accountability.  If there is a risk that politics is being placed above empirical truth on issues of vital national importance, inaction by scientists may be unethical.” 

      —Lawrence Krauss (2003)  

Introduction:  Mathematics, Mathematicians and War

This work was born on September 11, 2001.  Actually, it is probably more accurate to say it was conceived in the wake of the attacks on the World Trade Center Towers and the Pentagon, in the context of an ongoing project of mine to examine the values in and of mathematics. Although in recent years I have published work primarily in science studies, my “family of origin” in academia is mathematics, specifically mathematical physics, a brand of applied, as opposed to pure mathematics.  I like to think of my efforts to understand the role of mathematical thinking in shaping and creating our world—to make visible the cultural work done by mathematics—as a new twist on “applied mathematics.”  As an intellectual one of my most immediate reactions to this world-changing event was to ask myself: How can what I think about come to matter in the world?  What is the relationship between mathematics and war?  The first connections that came to mind were examples of individual mathematicians who lent their services qua mathematicians to a war effort.  Here we might think of Archimedes (287?-212 B.C.E.) who designed ingenious devices to help defend Syracuse against a siege by the Romans in the third century B.C.E.; or Stanislaw Ulam (1909-1984) and the many other men and women who worked on the Manhattan Project in World War II; or John von Neumann (1903-1957), one of many brilliant mathematicians who worked for the RAND Corporation, a Cold War “think tank” whose original purpose was to conduct research on intercontinental nuclear war.  

On the other hand, some mathematicians, like G.H. Hardy (1877-1947),
 have deplored the application of mathematics to warfare.  Although a champion of “pure mathematics,” contrary to views often attributed to him, Hardy did not “boast” about or “glory in” the uselessness of his work.  Rather, he was comforted by the belief that “real” (abstract, “higher”) mathematics was “harmless and innocent” and he could pursue it with a “clear conscience.” (Hardy, 1967, 140-1)

If the theory of numbers could be employed for any practical and obviously honourable purpose, if it could be turned directly to the furtherance of human happiness or the relief of human suffering, as physiology and even chemistry can, then surely neither Gauss nor any other mathematician would have been so foolish as to decry or regret such applications.  But science works for evil as well as for good (and particularly, of course, in time of war); and both Gauss and lesser mathematicians may be justified in rejoicing that there is one science at any rate, and that their own, whose very remoteness from ordinary human activities should keep it gentle and clean.  (Hardy, 1967, 120-1) 

But as I thought more deeply, I realized that such examples were just one thread in a complex and tangled web of interrelationships.  As I pursued my exploration of the connections between mathematics and war, I was drawn into a dense network of interwoven strands that led naturally to my thinking more broadly about the relationship between mathematics and ethics.  Several themes emerged from the tangle, and it what follows, I will discuss each of them:  1) the institutionalized rules governing the conduct of mathematical research can be read as lessons on how to live well with each other; 2) values embedded in the methodology of mathematical argument have been idealized to moral values that “must” be followed by any honest intellect inquiring after truth; 3) mathematical models can provide a framework for clarifying ethical issues, and may even lead to moral discoveries; 4) and of course the “knottiest” linkage is that applications of mathematical research often lead to ethical dilemmas, questions, problems and situations.  In writing this paper I have put my own spin on the threads I unraveled and used them to weave a new fabric that reflects my personal pattern of questions and meanderings.  I hope that this record of my journey is of value to others who share some of my concerns.

The Ethic of Mathematics

While some mathematicians argue that mathematics is (or should be) apolitical, others subscribe to what I call an “ethic of mathematics,” a conviction that the practice of mathematics embodies profound moral lessons on how to live well with others.  They feel an ethical imperative to apply values embedded in mathematical practice globally as a means of promoting peace and cooperation.
    One such value is internationalism.  In 1882, just after the Franco-Prussian War, the Swedish mathematician Gosta Mittag-Leffler (1846-1927) founded Acta Mathematica, an explicitly international journal of mathematics. By actively soliciting and publishing the work of the most brilliant mathematicians from both Germany and France, he set out to affect some reconciliation between the two countries.  During and after World War I, he once again eagerly assumed the role of mediator, this time working through the pages of his journal to reunite both the English and the French with the Germans (Dauben 1980).  Ever anxious to put politics aside, the Englishman Hardy shared Mittag-Leffler’s desire to re-establish friendly relations with German mathematicians and scientists as soon as possible after the First world War.  But their efforts to return to normalcy after the cataclysm met with stiff resistance. 

Hardy found that rather than adhering to the spirit of internationalism and promptly renewing collaborations that had been sundered by the war, his colleagues joined with the vast majority of their compatriots in harboring much hatred and resentment against the Germans.  A good example of the “imbecilities”
 he encountered appears in a letter from an English scientist published in Nature, the pre-eminent English science journal: “[I]t is impossible to dissociate the mental attitude of the population of that country, by no means excepting the highly educated and scientific classes, from the world-conquering aspirations of their rulers, or from the barbarous atrocities committed by them in pursuit of that national ideal.”  (Walsingham, 1918)  It appears that for some, the value of internationalism is not as deeply embedded in their mathematical practice as one might have hoped.  

The debate about the appropriate relationship between mathematicians/scientists
 and politics, in particular their participation during periods of war and international conflicts, erupted with great passion once again in reaction to the recent U.S. military action in Iraq.  On being asked to review a manuscript for a pre-eminent American physics journal, Physical Review, Israeli physicist Daniel Amit e-mailed the following reply:  “I will not at this point correspond with any american [sic] institution.  Some of us have lived through 1939” (Amit 2003).
  Martin Blume, editor of the journal, while respecting the author’s decision not to review any further papers, also takes the opportunity to ask him to “consider the following in hopes that in the not too distant future you will decide to review for us again.  We regard science as an international enterprise and we do our best to put aside political disagreements in the interest of furthering the pursuit of scientific matters.” Amit replies that although he would like to be able “to share the honorable sentiments” expressed by Blume, he adamantly maintains that “Science cannot stay neutral.” In a haunting echo of the 1918 letter in Nature, he proclaims “What we are watching today, I believe, is a culmination of 10-15 years of mounting barbarism of the American culture the world over, crowned by the achievements of science and technology as a major weapon of mass destruction.”  Thus, he says he can no longer see himself “sharing a common human community with American science.”  

There is a further ironic twist to this storyline, which is not lost on Amit.
  In an attempt to support the Palestinian struggle against Israeli occupation, academics in many countries have been advocating a boycott of Israeli scholarship.  In response, the International Mathematics Union issued a statement in which they explicitly “oppose holding individual mathematicians liable for the actions of their governments.”
  This recurring debate focuses our attention on several key questions.  What does it mean to practice a “moral science”?  Should scientists be held responsible for or even be concerned with the actions of their governments, or does “good” science transcend politics?

The search for answers to these questions uncovers another moral precept embodied in mathematical practice, its democratic “anti-authoritarianism.”  Every new mathematical result—whether submitted by a proven mathematician or a novice— must be verified by referees, each step painstakingly checked by other members of the community, before it is accepted as a theorem.  All claims and views, even those of the “experts,” are always open to question.  Theoretical physicist Lawrence Krauss invokes this principle to argue that it becomes the ethical responsibility of “citizen-scientists” in a democracy to question the actions and claims of government experts when the warnings of major scientific organizations go unheeded.  For example, he publicly questions his government’s commitment of billions of dollars to the deployment of a missile defense system (thereby also abrogating a longstanding international treaty) while ignoring a recommendation by the American Physical Society that such deployment be delayed until the success rate of the system, presently estimated to be at best 40 percent, is demonstrated to be workable against realistic threats (Krauss 2003, 3).
  His application of the anti-authoritarian value embedded in mathematical and scientific practice leads him to conclude that there are instances when it is unethical for scientists to refrain from engaging in politics.  

Science and Society

The heady mix of science and social concerns is a potent cocktail.  Opinions on the appropriate relationship between science and society are often hotly contested.  One recipe for controversy is the question of a mathematician’s responsibility for the uses to which their work is put.  In the 21st century it has become apparent that, contra Hardy, there really is no such thing as “pure” research—mathematics will always exert a profound influence on society through a wide range of unanticipated applications, including products (technology), decision-making (optimal strategies, price calculations), and security (cryptography).  Still, many persist in the beliefs that knowledge per se is always neutral and that mathematicians are not responsible for any technical applications of the knowledge they create.  But I join with others in challenging this stance which has been dubbed the “Werner von Braun attitude”
  (based on the refrain from a song by satirical lyricist (and mathematician) Tom Lehrer: “ ‘When the rockets go up, who cares where they come down? / That’s not my department,’ says Werner von Braun”).  

I believe this departmentalization of responsibility is in fact an irresponsible act.  Mathematicians, revered as practitioners of an exemplary form of thinking and reasoning, have an obligation to apply our talents as thinkers to examining and exploring the societal implications of our knowledge-creating enterprise.  This obligation extends beyond potential “good” or “bad” applications of our work, to our very choice of profession.  Like many bright, scientifically inclined students in the 1960s, I was attracted to mathematics because I believed this abstract discipline was exempt from the thorny ethical dilemmas in the applied sciences, in particular the prevalence of research funding from the military that might contribute to the production of weapons of mass destruction.  But, as I have come to realize, this “default” decision was itself fraught with disturbing consequences.  If all the “best minds of my generation”
 decided to “drop out” and disengage from any work that might have material consequences, who would be left to solve the difficult and pressing problems facing humanity?  My conscience may have been clean, but the world was still dirty.

In addition to the linking of science and society through the (sometimes unanticipated) moral implications of research, there also exist examples of scientists consciously pursuing a mathematical or scientific train of thought in order to advance a particular moral agenda.  In the 17th century the mathematician-philosopher Gottfried Leibniz (1646-1716) had a vision of employing mathematical logic as a universal peacemaker.  He envisioned a “calculus rationator,” a formal calculus of reasoning that could be used to resolve all conflict.

[W]hen a controversy arises, disputation will no more be needed between two philosophers than between two computers.  It will suffice that, pen in hand, they sit down. . . and say to each other:  “let us calculate.”  (Leibniz 1686, XIV, quoted in Shapiro (1991, 28))

This program resulted in the creation of important mathematical knowledge.  His search for a “lingua caracteristica” or universal language to settle all disputes was a forerunner of mathematical logic. 

Three centuries later, in the interwar era in Britain, left-wing scientists led a socialist-inspired movement for an international “science for the people.”
 Reminiscent of Leibniz’s hope that mathematics could become the ultimate arbiter of all conflicts, “they thought that through the increase in scientific knowledge and its benevolent use, the ills of the world would be righted and war would become an anachronistic method of solving international conflict” (Hudson 1991, 265).  One of the scientists involved in this movement was J.D. Bernal (1901-1971), a pioneer in x-ray crystallography, trained as a mathematician and physicist. Bernal argued passionately for the linking of scientific and societal concerns.  Although he acknowledged that there was pleasure to be found in the freedom of independent intellectual pursuit, unfettered by a concern for the uses (for good or ill) to which one’s work might be put, he believed far greater satisfaction could be gained from harnessing one’s intellect to serve the needs of society.  In a collection of essays published in 1949, he asked if it was “better to be intellectually free but socially totally ineffective or become a component part of a system where knowledge and action are joined for one common social purpose?” (Bernal 1949, 339).
  

This position, however, has a dark side. Whose values and whose social purposes are to be served?  In 1939, on the eve of World War II, Bernal wrote a book called The Social Function of Science (Bernal 1939).  In this book (which was quite controversial at the time) he analyzed how science in Nazi Germany was being used by Hitler and his supporters to legitimize certain values like race purity and national pride.   He also exposed the deep connections of German academic science with industry—in particular the chemical industry—and the military.  Obviously in this case Bernal was warning of the dangers of scientists being unconcerned with the uses to which their work was being put.  But one can also argue that Hitler’s supporters were harnessing science to serve their vision of society and social purposes.  

Truth and Consequences:  Fact and Value

Cultural attitudes towards mathematics and science experienced a sea change in the aftermath of World War II and the Manhattan Project, in which scientists and mathematicians joined knowledge to action to create the atomic bomb.  Whereas the Enlightenment project
 was to defend facts against opinion, post-Hiroshima thinkers felt a new imperative to defend “higher” values against the “tyranny” of science, to protect knowledge from being abused.  This change of heart is well illustrated by Bertolt Brecht’s (1898-1956) two versions (pre- and post- Hiroshima) of his eponymous play depicting the life of Galileo Galilei (1564-1643).
  In the 1938 version Brecht used Galileo’s final speech to draw analogies “between the seventeenth-century scientist’s underground activities and those of twentieth-century left-wingers in Hitler Germany. . . —at stake was the liberty to advance these [notions about astronomy] and any other notions” (Bentley 1966, 14-5).  In this pre-World War II version (which was never published), Galileo berates himself for his weakness in recanting and not standing up for truth and reason at all costs. 

For science consists, not in a licence to subordinate facts to opinions, but in an obligation to subordinate opinions to facts.  It is not in any position to permit restriction of these principles or to establish them only for ‘certain views’ and ‘those particular facts’.  In order to make sure that it can apply these principles unrestrictedly at any one time, science has to fight to be respected in every sphere. . . .Science has no use for people who fail to stick up for reason (Brecht 1980, 191).

In the 1947 post-World War II version, Brecht has Galileo speaking against scientists themselves (like those who worked on the atomic bomb) and blaming himself for betraying his ethical responsibility as a scientist.

Had I stood firm the scientists could have developed something like the doctors’ Hippocratic oath, a vow to use their knowledge exclusively for mankind’s benefit.  As things are, the best that can be hoped for is a race of inventive dwarfs who can be hired for any purpose.  What’s more, Sarti, I have come to the conclusion that I was never in any real danger.  For a few years I was as strong as the authorities.  And I handed my knowledge to those in power for them to use, fail to use, misuse—whatever best suited their objectives.  I betrayed my profession.  A man who does what I did cannot be tolerated in the ranks of science (Brecht 1980, 109).

Galileo’s fate is a cautionary tale emblazoned in our collective memory, emblematic of the consequences of the contest between religion and the newly mathematized sciences (the embodiment of reason) for socio-political authority.
   It is partly in reaction to this lesson, in their campaign against metaphysics and superstition, that Enlightenment thinkers advocated keeping moral and scientific truth apart.  In the battle for the hearts and minds of the people, one might say a truce was declared and the territory of humankind divided up:  one side (the Church) ruled the heart and the other (mathematics) ruled the mind. 

However, as mathematical methods invaded the social and political sciences and the authority of the Church in the political realm waned, the relative power of the contestants changed, and some thinkers began to feel it was necessary to reunite the pursuit of truth in both realms simultaneously.  Karl Popper (1902-1994), a product of “late enlightenment”
 Vienna, was one of the greatest and most influential philosophers of science of the 20th century.  In his autobiography (Popper 1976) he articulated his quest for a scientific epistemology that, when applied to society, would lead to politically desirable outcomes.  An implacable foe of totalitarianism in all its manifestations, his vision of science’s democratic institutions—its peer reviewed journals and international congresses—helped spawn his philosophical method that “made intersubjective criticism the foundation of both science and politics” (Hacohen 1998, 733).  Popper passionately defended the mathematical/scientific ethic, and held up the democratic values of the community—its intersubjective self-correcting methodology and critical openness—as a model for politics.  

The “critical openness” of both democratic and scientific institutions is often endangered in times of crisis, as has been the case in response to post-9/11 security concerns.  Scientists are concerned that, in the name of homeland security, government-imposed limits on immigration and publication of research results will inhibit international collaboration and jeopardize the tradition of the shared “knowledge commons,” weakening two pillars of strength supporting the U.S. scientific enterprise and its technology edge (Kennedy 2002).  Two scientists from the Keck Graduate Institute warn us:  “If the United States retreats and cuts itself off from the global community it has helped create—and it is showing distressing signs of doing just that—our future science will be doomed to mediocrity” (Galas and Riggs 2003).  But, as the editor of Science is well aware, “the problem is far broader than science; it involves the entire relationship between state and citizen, challenging democratic traditions that we have come to take for granted” (Kennedy 2002).  In early January 2003, members of the “two cultures”
 of science and security met to discuss the censorship of science.  Participants noted that the present situation was reminiscent of tensions that surfaced between these two groups during the early 1980s in response to efforts by the first Reagan administration to restrict the “dissemination of unclassified basic research results” and deny “foreign nationals access to ‘sensitive’ research facilities on campuses” (Wallerstein 2002).  That conflict was resolved with the help of the Corson report (Corson 1982) which, as a speaker at the 2003 conference reminded those present, “concluded that greater security would be achieved by the open pursuit of scientific knowledge than by attempts to curtail the free exchange of scientific information” (Atlas 2003).  

How are we to reconcile the conflicting needs of preventing terrorist assaults and preserving the freedoms we cherish?  Under the heading “Social Responsibility of Mathematicians,” the ethical guidelines adopted by the American Mathematical Society in 1995 declare that “[f]reedom to publish must sometimes yield to security concerns, but mathematicians should resist excessive secrecy demands, whether by government or private institutions” (American Mathematical Society 1995).  Indeed, many professional societies have adopted codes of conduct and ethical guidelines for their members, and there is a burgeoning cottage industry of “ethics” courses being recommended (in a few cases required) for science and engineering majors.  However, these stand-alone classes are generally perceived by students to be unrelated to the “real” knowledge they are learning in the courses for their major discipline.  This is an instance where I believe we need to re-unite fact and value and overcome longstanding resistance to teaching ethics within our science and math courses (Shulman 2002).  As an editorial in a Canadian medical journal points out “[t]he social responsibilities of the scientific community and of freely elected governments are interconnected” (CMAJ 2003).  It is the responsibility of universities and their faculties to impart values along with scientific knowledge, values that “emphasize the positive role of S&T [science and technology] in addressing human needs, and the immorality of their use to cause mass casualties and human suffering” (Wallerstein 2002).  I would generalize this even further, adding that we must emphasize both the positive and negative roles of S&T, making it clear that “good science” includes thoughtful attention to the forces that drive the research—the sociopolitical context in which scientific knowledge production occurs.
               

Mathematics as Metaphor

The urge to extrapolate from “is” to “ought,” to move from a description to a prescription, to derive from a naturalist account normative rules that dictate behavior, is a temptation that is hard to resist.   “Science warriors” elevate the institutions and methodologies of science, the logic and objectivity of mathematics, to moral weapons to be used in the fight for social justice.  But weapons can always be turned against you.  As experience has all too often taught us, the same tool can be used for constructive or destructive ends.  Perhaps it is better after all to keep scientific and moral truth apart?  This coupling and de-coupling of fact and value swings like a pendulum through history.  There are those who consider it their mission to police the boundaries between fact and value, and others who protest the consequences of this separation of powers.  Even particular individuals oscillate from one position to the other, depending on the context.  If one accepts this dialectical view of history, with a pendulum swinging back and forth between opposite poles, one can easily see that the danger is in losing the balance, leaning too far toward one side or the other, joining or separating science and social concerns.  The ethical task is to find and pursue a dynamic equilibrium.
  It is dogmatic to prefer one horn of the dilemma to the other in all situations.  Surveying the battlefield, and the fallout it has produced, perhaps the wisest course is to recognize that the boundaries are permeable, and since it is impossible to prohibit border-crossing, to train ourselves to critically and carefully monitor the traffic.    

The transfer of modes of thought, concepts and models between science and society is accomplished in large part through a lively “traffic in metaphors,” mapping one conceptual domain onto the other.  The borrowing of language between disciplines is one of the key links in a chain of complex influences and interactions between cultural norms and mathematical/scientific/technical development (Dalmadico and Pestre 1998; Gissis 2002).  For instance, the concepts of energy and work have been used productively by mathematicians, physicists, economists and social thinkers alike.  Metaphors that do “double duty” in both mathematics/science and social/political thought effectively stitch together scientific and political thinking.  And, as the following examples demonstrate, metaphors can work in subtle and insidious ways—even when we’re aware of their usage.  

To get a sense of just how complicated these relationships can be, we begin by exploring the metaphorical connection between the ideal German type—intuitive, close to life—and the intuitionist style in mathematics.
  L. E. J. Brouwer (1882-1966), founder of intuitionism, distrusted language as an instrument of domination.  For instance, he maintained that eradicating “words-of-power” was the most effective way of fighting social injustice:  “[T]he perpetuation of the fatherlands by the interested parties can only seriously be impeded after eradicating the word-of-power ‘fatherland’ itself” (quoted in van Dalen 1999, 249.)  This distrust of language was shared by members of the Vienna Circle,
 many of whom viewed the connections and crossing of boundaries between realms inherent in the use of metaphor and simile, as barriers rather than gateways to true communication.  Influenced by their readings of both Brouwer and Ludwig Wittgenstein (1889-1951),
 and in the lineage of Leibniz (with his search for a universal language), they sought to eradicate the multiple meanings and ambiguity of ordinary language.  The response of late 19th and early 20th century modernism to the perceived failure of language to ever fully communicate meaning was to emphasize form over content.  This commitment to formalism also took root in mathematics.  In order to understand the connections between Brouwer’s intuitionism and the German idealists, we must take a small detour through this competing view of mathematics.   

The formalist school was founded by David Hilbert (1862-1943).  His vision of “modern” mathematics as axiomatic, abstract, devoid of extra-mathematical meaning, dominated mainstream mathematical and philosophical thinking from the late 19th through much of the 20th-century.
  A distinguishing characteristic of the “Hilbert era” was a supreme faith in the power of mathematical formalism to explain and solve problems in all fields.  In 1918 he wrote:  “By virtue especially of the axiomatic method mathematics appears called upon to play a leading role in all knowledge” (Kline 1980, 193).   Hilbert and others applied themselves (with varying degrees of success) to extending his axiomatic approach to a wide range of disciplines—from physics to parlor games.  The most brilliant of these “others” was John von Neumann, who studied with Hilbert in the early 1920s and made contributions in both fields, proposing sets of axioms for both quantum mechanics and game theory.
  Although he later lost faith in Hilbert’s program of formalist foundations for applied sciences, early in his career he was an enthusiastic follower.
  The “mathematical treatment of the axioms of physics” was the sixth of Hilbert’s 23 unresolved problems for the new 20th century, ten of which were delivered in his famous address to the Second International Congress of Mathematicians in Paris in 1900.  In this lecture he proposed “[t]o establish the systems of axioms of the calculus of probabilities, of rational mechanics and of the different branches of physics, then to found upon these axioms the rigorous study of these sciences” (Hilbert 1900, 352).
  The set theorist Ernst Zermelo (1871-1953), a colleague of Hilbert’s at Gottingen, took the first major step in extending this approach to the study of games.  In an address delivered to the Fifth International Congress of Mathematicians in Cambridge in 1912, he presented what is considered to be the first formal theorem in the theory of games, a theorem about chess (Zermelo 1913, 501-4).
  This work was more than just an important piece of mathematics.  According to historian of economics Robert J. Leonard,

 [w]hile offering the entire exercise in the context of contemporaneous work on set theory, Zermelo also presents it as part of the attempt to push mathematics into as many realms as possible and to show how other phenomena, be they psychological or physical, may ultimately be “explained” by rendering them accessible to mathematical interpretation (Leonard 1995, 733).

Some proponents of this program envisioned a new era of peace and prosperity brought about through the introduction of rigor and certainty into the moral sciences; they saw in the new, modern mathematics the potential for a panacea to ameliorate social ills.  That which is considered modern is often a source of great hope.  New technologies and scientific discoveries are touted as life-saving, labor-saving, and so forth.  But modernity is a mixed blessing.  These (often inflated) hopes are counterbalanced by associated costs and burdens, both in the physical and social realms.  The modern also heralds new patterns and norms of behavior—for instance the “modern woman”—and thus represents a challenge to traditional ways of life and power structures.  Those who are threatened may become anti-modernists (to be distinguished from postmodernists), attacking the dominance of modernism.  These groups are usually marginalized, without much influence, and span the political spectrum, from the radical left to the radical right (enviromentalists to religious fundamentalists).  In Hitler’s Germany, there was a strong reaction against modern mathematics, and an attempt to establish an alternative “German mathematics.”  The movement was spearheaded by Ludwig Bieberbach (1886-1982), who fought against Hilbert’s formalist program and sided with Brouwer’s intuitionism. 

The intuitionist school insisted that mathematics should encompass only those actions that could, at least in principle, be performed by a real live mathematician (thus their rejection of the law of the excluded middle as applied to infinite sets, whose members can never all be checked to ascertain whether or not they possess a certain property except by an idealized mathematician not constrained by time or space).  In other words, mathematics should not be cut off from real life.
  This position dovetailed perfectly with the then popular expression of the ideal German (Aryan) character—intuitive, realistic, close to Volk and life.  Bieberbach invoked nationalism and powers outside mathematics to buttress his position.  He employed the metaphor of “intuition” to do double duty:  on the one hand it referred to a mathematically productive (although outside the mainstream) style of thinking, and on the other hand it expressed a cultural norm used in support of a nationalistic political ideology.  Whether conscious or not, Bieberbach’s strategy was a powerful one, embodying a theme that recurs throughout history: the legitimacy of a mathematical style is reinforced through its (metaphorical) political connection, and an ideology is validated through its (metaphorical) connection to the authority vested in mathematics. 

This self-depiction of the German character as intuitive is in direct opposition to an earlier characterization of German science found in the work of the French theoretical physicist Pierre Duhem (1861-1916).
  In lectures he gave in early 1915 in the midst of the First World War, Duhem contrasted the geometric German mind with the intuitive French mind.  

The geometrical mind that inspires German science confers on it the force of a perfect discipline.  But this narrowly disciplined method can only lead to disastrous results if it continues to put itself under the orders of an arbitrary and foolish algebraic imperialism.  If it wishes to do useful and beautiful work, it must receive the order it obeys from the principal depository of good sense in the world—that is, from French science (Duhem 1996, 276). 

Clearly an effective piece of war propaganda,
 once again we see the rhetorical power of metaphorically linking an intellectual style with a political ideology, exploiting the mutually reinforcing connections between political nationalism and philosophies of science and/or mathematics.

Another example of the cross-fertilization performed by metaphors between the mathematical and political realms is provided by the battle for the “soul” of mathematics, fought amongst three rival camps during the late 19th and early 20th centuries.  Each philosophical position was championed by a formidable hero—Bertrand Russell (1872-1970)
 defended logicism,
 Hilbert formalism, and Brouwer intuitionism.  The common quest shared by all three schools, to secure the foundations of mathematics, is often cast as an attempt to resolve a “crisis” in mathematics, a crisis brought on by the discovery of paradoxes in set theory.  It is easy to see the social, economic and political upheaval and crises of the interwar years in Western Europe mirrored in this story of that most dreaded and explosive discovery—a contradiction—threatening to crack the very foundations of mathematics.  Nor is it hard to see the reflection of the longing for unity and security amidst the pervasive chaos and uncertainty in the sociopolitical sphere manifesting itself in the mathematical profession as well, as the three schools each sought to repair the cracks.  Indeed, Hermann Weyl (1885-1955), a student of Hilbert’s who, much to his mentor’s chagrin, became an early supporter of Brouwer’s viewpoint, was quite explicit in his use of political metaphor when describing the new foundational crisis in mathematics.  

The antinomies of set theory are usually considered as border conflicts that concern only the remotest provinces of the mathematical empire and that can in no way imperil the inner solidity and security of the empire itself or of its genuine central areas. . . .[But] every earnest and honest reflection must lead to the insight that the troubles in the borderland of mathematics must be judged as symptoms, in which what lies hidden at the centre of the superficially glittering and smooth activity comes to light—namely the inner instability of the foundations upon which the structure of the empire rests (Weyl 1921, translated in van Dalen 1999, 322).

Using similar language, Hilbert proclaimed:

Weyl and Brouwer. . . seek to provide a foundation for mathematics by pitching overboard whatever discomforts them and declaring an embargo. . . . Brouwer’s [program] is not as Weyl thinks, the revolution, but only a repetition of an attempted putsch with old methods, that in its day was undertaken with greater verve yet failed utterly.  Especially today, when the state power is thoroughly armed and fortified by the work of Frege, Dedekind, and Cantor, these efforts are foredoomed to failure.  (From an address delivered by Hilbert in 1922.  Quoted in Davis 2003, 268.)

As it turned out, all efforts to provide a firm foundation for mathematics were doomed to fail.  In 1931 the mathematician and logician Kurt Gödel (1906-1978) laid to rest the foundationalist dream by demonstrating “that a complete epistemological description of a language A cannot be given in the same language A, because the concept of the truth of sentences of A cannot be defined in A” (letter from Kurt Gödel to Arthur Burks, quoted in von Neumann (1966, 55)).  In other words, in any sufficiently rich formal system, there are questions that are neither provable nor disprovable on the basis of the axioms that define the system.  The modernist hope to excise ambiguity by formalizing and axiomatizing language was thereby dashed in one brilliant stroke.  This is just the lesson that late 20th and early 21st century postmodernists
 have taught us, that the dream to normalize once and for all, all possible statements—the project of the Vienna Circle of trying to control language—cannot be realized.
    

These examples are not intended to suggest a simple causal chain between styles in mathematics and sociopolitical conditions.  Society shapes us, we create mathematics, and mathematics helps shape our societal norms.  A migration of metaphors between politics and mathematics doesn’t prescribe the specific content or ideology of either.  The connection can support either freedom or oppression and result in good or bad mathematics, depending on the cultural and intellectual contexts in which it occurs.  Metaphors can provide a link that transfers social legitimacy from one realm to another, cloaking a social system with the mantle of mathematical authority, or justifying a mathematical theory based on its reflection of a political ideology.  As an example of the latter, Marxists hold up the non-Euclidean geometry developed by the Russian mathematician Nikolai Ivanovich Lobachevsky (1792-1856), a geometry they say “more deeply revealed the properties of space” as an example of a “genuinely scientific attitude of dialectical materialism” (Bermant 1963, 8).  This interpretation runs exactly counter to the contention of most Western (idealist) philosophers of mathematics, who claim Lobachevsky’s creation was the result of  “the idea of a formal logical generalization, completely independent of the possibility of its real-world interpretation” (Perminov 1997, 12). 

We have seen that mathematicians can support differing philosophical positions or political ideologies by extrapolating from the norms of their shared practice.  Conversely, radically opposing philosophical or political perspectives may embrace similar dictums as to the nature of mathematical practice.  On the relative merits of theory and applications, Marxist or “Soviet mathematics” shared the same values of Bieberbach’s Nazi or “German mathematics,” that good mathematics should be tied to the real world.  According to mathematician and historian of mathematics Dirk Struik (1894-2000), “Marx’s position was that of the materialist, who insists that significant mathematics must reflect operations in the real world” (Struik 1997, 186).  This view is clearly expressed in the introduction to a Russian text from the 1960s, where we find the following description of the proper relationship of mathematical theory to practice:

We shall endeavor throughout this course to use every suitable opportunity to explain the real physical sources of the basic mathematical concepts and operations introduced, and to indicate the concrete facts and circumstances which have given birth to new mathematical theories….When developing a mathematical theory…one must never forget the origin of the theory; it must be remembered that the decisive criterion for its truth and value lies in a living practical proof (Bermant 1963, 6-7).  

It is also possible to see in this credo another example of an anti-modernist reaction—in this case, mid-20th century Soviet mathematicians were reacting to the dominance in western mainstream mathematics of “Bourbakism,” with its insistence on the autonomy and self-sufficiency of mathematics with “no need of any input from the real world, with its own criteria of depth and beauty, and with an internal compass for guiding future growth” (Lax 1989, 455).  

Modeling the Moral Sciences

Not only metaphors, but concepts and methods also travel through mathematics to applications in other fields.  Throughout history the many attempts to bring precise, rigorous and exact methods to bear on the “moral sciences” have all appealed to the authority vested in mathematics.  Although the particular techniques that are “borrowed” differ in each era, scholars in other disciplines perceive the rigor of the newly developed “modern” mathematical methods of their time as an ideal to strive for and embody in their own work.  It was in great part due to the successes of 18th-century Newtonianism that mathematics acquired an authority previously held by theology and the Church.  In the early 18th century, Colin Maclaurin (1698-1746), a Scottish disciple of Isaac Newton (1642-1727), wrote an essay where he proposed a calculus-based mathematical model for ethics.
  By computing areas under curves, he showed that the Christian doctrine of salvation maximizes the future happiness of good men.  Maclaurin was not the first, nor the last to invoke the authority of mathematics to justify a particular morality or ethical stance.      

Francis Hutcheson (1694-1746), a classmate of Maclaurin’s at Glasgow, was a philosopher known for his work in Moral Science.
  In 1728, fourteen years after Maclaurin’s essay, he appealed to the mathematical principle of optimization to model laws of virtue, and basically to explain why things that are, are just as they must be.  This panglossian spirit of Optimism,
 the conviction that this is the best of all possible worlds, is linked to the process of Optimization, associated with Gottfried Leibniz who wrote:

[I]f we were able to understand sufficiently well the order of the universe, we should find that it surpasses all the desires of the wisest of us, and that it is impossible to render it better than it is…. (Leibniz 1714, 224 (90))

From different vantage points, the search for conditions and techniques to maximize human welfare is a problem that has been a major concern for philosophers and economists alike.  Newton’s methods, many of which were developed specifically to solve optimization problems, were transmitted through Maclaurin to Hutcheson and through him to his student the renowned economist Adam Smith (1723-1790).  “Smith sought to explain complex problems in terms of a small number of basic principles, and each conforms to the requirements of the Newtonian method in the broad sense of that term” (Campbell and Skinner 1976, 4).  We can see similar ideas and even language that closely resembles Hutcheson’s in Smith’s Wealth of Nations.  Examine Smith’s language in a paragraph discussing imports of goods that can be produced domestically:   

Upon equal, or only nearly equal profits, therefore, every individual naturally inclines to employ his capital in the manner in which it is likely to afford the greatest support to domestick [sic] industry, and to give revenue and employment to the greatest number of people of his own country (Smith 1976, Book IV, Chapter ii, 455).

Compare this to Hutcheson’s prescription for “computing the morality of actions”:

[T]he virtue is in proportion to the number of persons to whom the happiness shall extend (and here the dignity, or moral importance of persons, may compensate numbers); and in equal numbers, the virtue is as the quantity of the happiness, or natural good. . . so that action is best, which procures the greatest happiness for the greatest numbers (Hutcheson 1969, 283-4).

This characteristic theme of applying the mathematical principles of optimization to build models of the moral/social sciences continues well into the 19th century.  We see it exemplified in the work of Francis Ysidro Edgeworth (1845-1926) who, like others before and after him, reached economics through mathematics and ethics (Keynes 1926, 144).  His early attempt to “dehumanize political economy” (Heilbroner 1992, 176) (by translating quantitative relationships of economics into mathematics) set the tone for the evolution of the field into the growing mathematical school of economics.  In 1881, Edgeworth published an essay on “Mathematical Psychics” (Edgeworth 1881).  The clever title signals the context in which the author frames his arguments.  He motivates and justifies his new application of quantitative analysis to the moral sciences by appealing to analogies with mathematical physics.
   To substantiate his claim that “mathematical reasoning is not, as commonly supposed, limited to subjects where numerical data are attainable,” he draws on “examples . . . taken from the common stock of mathematical physics.”  He argues that “the principal inquiries in Social Science may be viewed as maximum-problems” (Edgeworth 1881, 2-6, italics in original).  To construct his “Calculus of Pleasure,” a mathematical model to ascertain how work and wealth should be distributed so as to give the greatest possible happiness, Edgeworth makes the simplifying assumption that every person is a pleasure machine trying to maximize their pleasure.  He further assumes that “different men [sic] have different capacities for happiness and different capacities for work” (Marshall 1981, 457) which echoes Hutcheson’s differential dignity and moral importance of persons.  

In the appendix to Mathematical Psychics Edgeworth poses the following problem: 

When Fanny Kemble visited her husband’s slave plantations, she found that the same (equal) tasks were imposed on the men and women, the women accordingly, in consequence of their weakness, suffering much more fatigue.  Supposing the husband to insist on a certain quantity of work being done, and to leave the distribution of the burden to the philanthropist, what would be the most beneficent arrangement—that the men should have the same fatigue, or not only more task, but more fatigue? (Edgeworth 1881, 95 appendix “On Unnumerical Mathematics”) 

To put this in a larger context, recall that the introduction of mathematical models into the moral as well as the natural sciences was a critical component of the scientific revolution.
  Scientists hoped to harness the power of mathematical models to provide ways of clarifying ethical questions, perhaps even leading to moral discoveries.  Edgeworth fervently hoped his mathematical models of human motives and actions would lead to moral discoveries that would be helpful in real life.  Using the precision of mathematical reasoning,
 he concluded that “the distribution of labour as between the equally capable of work is equality, and generally is such that the most capable of work shall do more work—so much more work as to suffer more fatigue” (Jevons 1881, 582).  However, for today’s readers, perhaps the most striking features of this “word problem” are the blatant assumptions about race, sex roles and class that are revealed.  The premises on which Edgeworth’s models are built, as well as his conclusions, support a hierarchy of social ranks and rationalize the divisions of sex and status which obtained in his late Victorian society.
  

A similar commitment to applying the exact thinking of mathematics to the human and social sciences, in particular to ethics, appeared in the work of the Viennese mathematician Karl Menger (1902-1985).  Karl (son of the noted economist Carl Menger, and member of the Vienna Circle) had an enormous impact on the economist Oskar Morgenstern (1902-1977) who was profoundly influenced by the publication in 1934 of Menger’s Morality, Decision and Social Organization:  Toward a Logic of Ethics (Menger 1974).  Morgenstern, who argued tirelessly for the necessity of applying the “exact thinking” of mathematics to economics was attracted to Menger’s insistence on precision and rigor, and perhaps even more important, to his commitment to purge the study of ethics of subjectivity.
  Mengerian ethics consisted of an abstract analysis of the consequences of the voluntary choices of groups of individuals and he bracketed discussions of the values and motivations that drove these decisions as extra-ethical concerns.
  One of the most important benefits touted for mathematically modeling the moral sciences is the purported objectivity it provides for the analysis of (often contentious) social and ethical problems.
  But this can be misleading.  It is true that the algorithms used churn out solutions that are “objective” in the sense that they are independent of the values of the user.  But the choice of variables, the relative weights given to them, the numerical value assigned to utility or the moral worth of persons are all completely subjective.  Further, different models can be applied based on different objectives.  (Is profit to be maximized or diversity of species?  Whose profit is to be maximized?)  The illusion of objectivity can be dangerous, and used to mask underlying values.  Since such analyses can never be objective, responsible use of mathematical models requires full disclosure of the underlying values on which the model is based.  And mathematicians, who are trained to make hidden assumptions explicit, are well positioned to apply this skill to exposing values that may be stowing away in the craft of mathematical formalisms.        

Conclusions

Writing this paper has clarified for me how many of the lessons I learned in my socialization as a mathematician (in addition to the institutionalized community values of internationalism, democracy and anti-authoritarianism) can be applied in other contexts.  This is so much the case that, paraphrasing the title of a popular book (Fulghum 1988), one might be inspired to claim that all (or at least a great deal) of what we really need to know about ethical behavior in today’s world, can be learned in math class .
  For instance, one guideline for good mathematical practice that we mathematicians inculcate in our students is to be skeptical of all claims, even the most seemingly “obvious” ones, until they are proven.  Evaluating a proof involves a ruthless search to ferret out and expose any “hidden assumptions” that might lead to invalid arguments or incorrect conclusions. These methodological values certainly have great merit, and can be fruitfully applied in many contexts far removed from mathematics and science.  Indeed, if more people adhered to these principles, the quality of public and private discourse would be greatly improved.  But to insist, as some do, that any honest inquiry must follow the example set by mathematics leads to a species of “mathematical imperialism” that inappropriately extends a good mathematical model far beyond the domain in which it can provide much insight.         

While it is tempting to use mathematics to advance our own moral agenda, we have also seen the pitfalls of invoking the authority of mathematics to justify a particular morality or an ethical stance, especially when used to rationalize oppression and socioeconomic inequities.   If our aim goes beyond mere academic knowledge production and understanding and we wish to use our insights in order to intervene, then it behooves us to pay attention to historical examples of “bad” interventions and learn the lessons well.  I have concluded that one’s social responsibility as a mathematician extends beyond potential applications of one’s research.  In a sense, the most significant applications of mathematics are to be found not in the technoscientific realm, but rather in the sociocultural context in which all knowledge production is embedded.  Because of the authority invested in mathematics and mathematicians, cultural capital inherited from the Enlightenment and appreciating in value ever since, we have a special obligation to model responsible use of our craft.  We are also responsible for educating society at large (outside our classrooms) and participating in discussions about the ways mathematical reasoning is used in public discourse, in helping to clarify complicated social, political and economic problems and proposed solutions.  

In this paper I have tried to increase awareness of the myriad ways mathematics and mathematicians are enlisted to further socio-political ends.  I have also suggested that responsible application of mathematics entails a constant vigilance of the traffic between our individual and collective moral values and mathematical truths.  We cannot appoint others to monitor (or try to prohibit) this traffic, but each of us individually must take responsibility for and do the hard work of questioning ourselves, our colleagues and our institutions and organizations.  There are no easy answers to the uncomfortable questions that are raised when we begin to pay attention to the ethical implications of our knowledge production.  What responsibilities are inherent in employing mathematics to model the human or moral sciences?  What are the consequences of the contextual relationship between the practice of mathematics and the cultural setting in which it occurs?  How can we continue to educate ourselves about (and remain mindful of and open to) the interconnections between knowledge and power?  

In this changing, imperfect, relative world, we have a tendency to want to freeze the ends of a spectrum of possibilities into absolute dichotomies to protect ourselves from the uncertainty and tensions inherent in the dialectic of the swinging pendulum.  But the poles usually represent unhealthy extremes.  As Pierre Duhem reminds us, “an excess often finds its remedy in a contrary excess.  Belladonna and digitalis neutralize each other’s effects.  Nevertheless, they are both poisonous plants” (Duhem 1996, 263).  We cannot hope to stake out a position once and forever on the proper balance between fact and value, or the correct relationship between science and society, but rather must constantly renegotiate what is appropriate in new situations.  I fervently hope that others in the mathematical and scientific communities will join me in making a commitment to collectively engage in these negotiations, because it is my deep conviction that we can thereby make a significant contribution to a more peaceful and just world.  The year before I began graduate school in mathematics I attended a conference held by the Student Pugwash Group, an international network of students and professionals committed to careful and responsible consideration of complex societal problems (“tough questions”) which necessarily transcend narrow disciplinary and generational perspectives.  I took a pledge there, which I reproduce here, and invite others to consider as a “Hippocratic Oath for Scientists” (Rotblatt 1999).

I promise to work for a better world, where science and technology are used in socially responsible ways.  I will not use my education for any purpose intended to harm human beings or the environment.  Throughout my career, I will consider the ethical implications of my work before I take action.  While the demands placed upon me may be great, I sign this declaration because I recognize that individual responsibility is the first step on the path to peace.

Notes

� Hardy was an English mathematician who was an expert on number theory and a passionate advocate of rigor in mathematical proof.


� However, one cannot always predict what will be useful .  Ironically, his specialty, number theory, proved to have significant applications in cryptography.


� For an example of this in the astronomy community, see Stanley (2003).


� Hardy to Mittag-Leffler, January 7, 1919.  Quoted in Dauben (1980, 264).  


� Although my main focus in this paper is on mathematics and mathematicians, as a mathematical physicist I also identify with the larger scientific community, in particular physicists, and some of my examples will be drawn from there.  Although this blurring of distinctions between mathematics and science can be problematic in some contexts, in this case I believe the generality does not weaken, and at times even strengthens my points.


� This e-mail interchange was circulated by Daniel Amit who closed his final posting to Martin Blume with the postscript:  “I intend to distribute our exchange as much as possible.  I authorize and pray that you do the same.”


� Amit admits:  “Unfortunately, I also belong to a culture of similar spiritual deviation (Israel), and which seems to be equally incorrigible.”


� The statement by the IMU can be found at � HYPERLINK "http://elib.zib.de/IMU/GA-Shangai/resolutions.html" ��http://elib.zib.de/IMU/GA-Shangai/resolutions.html�. See AWM Newsletter. 2003.  33(3): 5-7 for the text of recent resolutions by other scientific societies affirming the importance of open international scientific exchange, in light of recent calls to boycott Israeli scientists.    


� See also � HYPERLINK "http://www.aps.org/public_affairs/popa/reports/nmd03.html" ��www.aps.org/public_affairs/popa/reports/nmd03.html�; Glanz (1999); Seife (2003). 


� So named in Kitcher and Cartwright (1996, 147).


� Refers to first line of the poem “Howl” by Allen Ginsberg (1926-1997): “I saw the best minds of my generation destroyed by madness, starving hysterical naked” (Ginsberg 1959, 1).


� See the collective biography of the five key leaders of this movement, Wersky (1978).  In the United States in the 1970s, a group of Marxist-oriented, politically radical scientists who were active in critiquing the social organization, theories, and research priorities of science called themselves Science for the People (SftP).  The phrase, “science for the people” is attributed to Galileo by the philosopher Sandra Harding.  (See � HYPERLINK "http://www.udel.edu/PR/UpDate/92/3/19.html" ��http://www.udel.edu/PR/UpDate/92/3/19.html� accessed 3/15/02, interview with Harding.)  


� As pointed out by Indian physicist S. Chatterjee in her tribute to Bernal (who was a committed Marxist)   “Bernal was one of the pioneers in applying operations research ideas in these War years and was directly involved in the D-Day landing of the Allied forces in Normandy” (Chatterjee 2001, 4).


� The Enlightenment refers to a historical period roughly encompassing the 18th century.  “Enlightenment was defined as the project of dispelling darkness, fear and superstition.  It was the project of removing all the shackles of free enquiry and debate.  It opposed the traditional powers and beliefs of the church (branded as ‘superstition’) and raised questions of political legitimacy.  All received or traditional notions, and social relations, were to be made subject to the scrutiny of the public, and therefore, collective—or intersubjective—use of ‘Reason’.”  (The Enlightenment Project, in Sim (2002, 239).)  


� This was pointed out by Harold Dorn (Dorn 2000, 245-6).


� “In this respect Galileo I [the 1938 version] is a ‘liberal’ defense of freedom against tyranny, while Galileo II [the 1947 version] is a Marxist defense of a social conception of science against the ‘liberal’ view that truth is an end in itself” (Bentley 1966, 18-9).


� Galileo scholar Stillman Drake argues that “it was not Galileo who created the breach between religion and science.” (Drake 1980, 6)  The real battle was between Galileo and the entrenched Scholastic philosophers, who used the Church in a power play when they couldn’t defeat Galileo on reasoned grounds.  Galileo’s “rejection of the long-established authority of philosophers induced them to appeal to the Bible for support, and there ensued a battle for freedom of scientific enquiry which profoundly affected the development of modern society.” (p.1)    


� A term introduced by Friedrich Stadler, see Hacohen (1998, 713, footnote 10).


� Donald Kennedy (2003) writes that the gulf between the sciences and humanities identified by C.P. Snow has “largely disappeared, but it has been replaced by another ‘Two Cultures’ problem that is even more troublesome.  This new problem is the separation between the cultures of science and security.”


� A recent editorial in Nature cautions against the “silence of the neuroengineers,” suggesting that “the researchers should perhaps spend more time pondering the intentions of the people who fund their work.  A significant amount of US neuroengineering research is funded by the military through the US Defense Advanced Research Projects Agency (DARPA).  The agency wants to create systems that could relay messages such as images and sounds, between human brains and machines, or even from human to human. . . . Do neuroengineers support these goals?  Their research could make it happen, so they have a duty to discuss their opinions, and to answer questions from those who object to the development of such technologies. . . .Simply taking DARPA’s money, and citing possible medical benefits, is not enough” (Nature 2003).


� This is a paraphrase of an admonition by social cultural anthropologist Paul Rabinow:  “The danger is in losing the balance, tipping too far toward the subjective side or the objective side.  The ethical task [for the anthropologist] is in finding the mean” (Rabinow 1996, 20).


� This discussion owes much to the work of Herbert Mehrtens.  See especially Mehrtens (1994). 


� The Vienna Circle refers to group of mathematicians, philosophers and scientists who met regularly in the coffeehouses of Vienna in the 1920s and 1930s to discuss philosophy of science, scientific language and method.  Two of its leaders, Otto Neurath and the mathematician Hans Hahn, were active socialists and eager to identify the scientific enterprise with the struggle for social reform, fusing their scientific worldview with their political and philosophical projects.


� Wittgenstein was the leading analytical philosopher of the 20th century, whose writings revolutionized philosophy from the 1920s on.  The members of the Vienna Circle were influenced by his early ideas which, sometimes through misunderstanding, were the mainspring of their Logical Positivism.  See Hacker (1995, 913).


� One of the most influential purveyors of the axiomatic image of mathematics was the interdisciplinary coalition of French mathematician-philosophers who called themselves Nicholas Bourbaki.  The pseudonymous group began meeting in the cafes in Paris in the mid-1930s.  See Corry (1998).  However Bourbaki’s abstract mathematics, unlike Hilbert’s, was detached from (indeed it scorned) the messiness of real world applications.  This withdrawal into “pure” mathematics so characteristic of the late 1930s through the early 1960s was, in part, a reaction to Kurt Gödel’s results.  “Bourbakism” was an attempt to create the illusion of firm foundations for mathematics by building it up from a hierarchy of structures that revealed a profound unity underlying formerly disparate fields.  “The rise of Bourbaki was surely one of the principal factors in the dissipation of the [foundations] crisis” (Harris 2003, 798). 


� See von Neumann (1955) (originally published in 1932); and von Neumann (1974) (originally published in 1944), especially section 3.6, pp. 26 ff:  “The Axioms and Their Interpretation.”      


� Von Neumann became disillusioned in the 1930s after Kurt Gödel announced his incompleteness theorem.  After studying this result, von Neumann said “My personal opinion, which is shared by many others, is, that Gödel has shown that Hilbert’s program is essentially hopeless” (von Neumann 1956, 2059).


� See Grattan-Guinness (2000).


� See Schwalbe and Walker (2001) for a discussion and English translation of this paper (“On an Application of Set Theory to the Theory of the Game of Chess”).


� “[T]he characteristic general feature of intuitionism is not that of being founded on pure intuition, but rather [that of being founded] on the relation of the reflecting and acting subject to the whole development of science.  This is an extreme methodological position.  It is contrary to the customary manner of doing mathematics, which consists in establishing theories detached as much as possible from the thinking subject” (Bernays 1983, 267).


� Duhem is known not only for his contributions to science itself (primarily in thermodynamics), but also for his work in both the history and philosophy of science.  


� However, Duhem’s ultra-nationalism colored his work even before the war.  In earlier essays he compared the English and the French scientific minds.  Drawing on a distinction made by Pascal in his Pensees, Duhem contrasted the “broad and weak” English mind with the “strong and narrow” French mind (Duhem 1991, Part 1, Chapter 4).    


� Bertrand Russell was a British philosopher, logician, essayist, and social critic, best known for his work in mathematical logic and analytic philosophy.


� Logicism views mathematics as a branch of formal logic.  Its project is to reduce all mathematical concepts and theorems to logical concepts and theorems.


� According to a dictionary on postmodern thought, “Modernism and postmodernism are intimately interrelated responses to the crises of modernity.  In most of its forms, modernism has been characterized by the (often desperate) hope of solving the problems of modernity, by a heightened, more radical (more absolute, more utopian) form of the ‘modern’.  All too often modernism has been seduced by the vision of a ‘final solution’ to the problems of history, and of modernity.  Postmodernism’s even more final solution is to give up the hope of finality” (Sim 2002, 319).


� See Tasic (2001).   


� Written when Maclaurin was only 16, this manuscript, “De Viribus Mentium Bonipetis,” (On the good-seeking forces of mind) remains unpublished.  MS, The Colin Campbell Collection, Library of the University of Edinburgh.  See Grabiner (forthcoming).


� The term Moral Science, used especially in the 17th and 18th centuries, encompassed a range of questions associated with the study of human nature, including a systematic analysis of human ethical behavior.


� Optimism was ridiculed by Voltaire (1694-1778) through his caricature Dr. Pangloss, in Candide (1759).  As the young and innocent hero goes through a series of misfortunes, his tutor, Pangloss, insists “all is the best in this best of all possible worlds.” 


� Footnote by editor:  “Hutcheson appears to be the first to use this explicit formulation of the Utilitarian doctrine.”


� The economist’s “simile with physics” persisted into the 20th century.  See Morgenstern and von Neumann (1974, 2):  “To continue the simile with physics . . .”  In this seminal book, Morgenstern and von Neumann draw repeated analogies between Newton’s invention of the calculus to mathematize physics, and their own efforts to develop game theory in order to mathematize economics.  See especially pp. 1-21.     


� Enthusiasm for the project was not universal.  Pierre Duhem and Ernst Mach (1838-1916) were among those who expressed mixed feelings about the scientific revolution, breaking ranks with most of their scientific colleagues in raising objections to science becoming the “secular religion of the modern nation-state.”  They were concerned that importing scientific and mathematical methods of inquiry divorced from societal values into the human and social sciences would make people feel “alienated” from and “disenchanted” by science (Fuller 2000, 189).


� Edgeworth argued for the importance of using mathematical reasoning without numerical data, and posed this problem as an example of “a very simple problem involving no numerical data, yet requiring, it may be safely said, mathematics for its complete investigation”(Edgeworth 1881, 2-3), what today we would call quantitative reasoning skills, and which J.M. Keynes called “a thesis which at the time it was written was of much originality and importance”  (Keynes 1926, 147).


� As a further example of how his mathematical conclusions both reflect and support prevailing norms, consider:  “[A]ccount being taken of existing, whether true or false, opinions about the nature of woman, there appears to be a nice consilience between the deductions from the utilitarian principle and the disabilities and privileges which hedge round modern womanhood” (Edgeworth 1881, 79).


� Baruch Spinoza (1632-1677), whose Ethics Demonstrated in the Geometrical Order was published posthumously in 1677, had a similar project in mind when he presented his arguments for the existence of God as a deductive system in the manner of Euclid.  Each of the five parts opens with a set of axioms and definitions, followed by a series of theorems, “proved” based on what precedes them.  In his preface to part III he states, “I shall therefore treat of the nature and strength of the emotions…in exactly the same manner as though I were concerned with lines, planes, and solids.” Spinoza, preface to Part III of the Ethics, quoted in Hersh (1997, 122).


� Morgenstern says that Menger’s “logic of wants or wishes would provide a most useful model for a logically satisfactory economic theory of wants” (Morgenstern 1976, 404).  


� In a foreword to a book on game theory Morgenstern wrote:  “[I]t was also difficult to avoid the injection of personal value judgments in the discussion of emotionally laden social and economic problems.  The present book is entirely free from such faults; it explains, it analyzes and it offers precepts to those who want to take them; but the theory it describes and develops is neutral on every account” (Morgenstern 1970, ix).  


� Indeed, a recent textbook for a liberal arts mathematics course begins by listing ten “life lessons” that can be learned in math class (Starbird and Burger 2000).
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