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Abstract: One can view mathematics as a sublime rationality, as a malignant outlook, or as an insignificant way of thinking. In order to open up a different interpretation of mathematics, I investigate mathematics in action in terms of the following issues: (1) Technological imagination which refers to the possibility of constructing technical possibilities. (2) Hypothetical reasoning which addresses consequences of not-yet-realised technological initiatives. (3) Legitimation or justification which refers to possible validations of technological actions. (4) Realisation which signifies that mathematics itself comes to constitute part of reality, and (5) elimination of responsibility which might occur when ethical issues are eliminated from the general discourse about technological initiatives and their implications. These investigations of mathematics in action highlight that mathematics rationality is critical as it both significant and undetermined. Furthermore I point out that through investigations of mathematics in action the notions of structuration, liquid modernity, knowledge-power dialectics, deconstruction and contingency are amplified.
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“Mathematics” is an open concept with many possible meanings. In Philosophical Investigations, Ludwig Wittgenstein talks about the variety of language games, and “mathematics” may operate in a huge number of such games. While mathematics as a research field includes a vast domain of unsolved issues and conceptions in development, mathematics as a school subject refers to a well-defined body of knowledge parcelled out in bits and pieces to be taught and learned according to pre-formed criteria. Mathematics could, however, also refer to domains of knowledge and understanding that are not institutionalised through research priorities or curricular structures. Thus, we can locate mathematics in many work practices.
 It is part of technology and design. It is part of procedures for decision making. It is present in tables, diagrams, graphs, and we can experience a lot of mathematics just leafing through the daily newspaper. According to the language-game metaphor, such occurrences of mathematics need not be different expressions of the same underlying “genuine mathematics”; instead very different formats of mathematics might be in use with only the name in common. As a consequence, perhaps we had better give up the assumption that it is possible to provide a defining clarification of mathematics. Well-intended definitions, as suggested by classic positions within the philosophy of mathematics – where logicism describes mathematics as a further development of logic
; formalism describes it as a formal game governed by explicitly stated rules
; and intuitionism describes mathematics as a particular mental process
 – might simply be concealing the fact that there are no unifying characteristics of mathematics to be indentified. I shall try to keep this observation in mind when, in what follows, I continue to use the word “mathematics”.

Different perspectives on mathematics have been presented. One can see mathematics: (1) As a sublime form of rationality, which represents the pinnacle of human intellectual enterprise. Such a perspective has been elaborated, although in different set-ups, by logicism, formalism, and intuitionism. It is deeply rooted in both Platonism and in the conception of mathematics as propagated by the scientific revolution. (2) As a malignant rationality through which instrumental forms of thinking spread to different forms of life. This conception has, for instance, been elaborated with its outset in the critique of positivism as formulated by the Frankfurt School. And (3) as an insignificant way of thinking, a perspective which, although indirectly, has been propagated by much recent social theorising.

In the following three sections, we are going to consider these three perspectives more carefully before we discuss mathematics in action in preparation for the formulation of a fourth possibility, namely seeing mathematics as a critical rationality. 
1. A divine rationality?
One basis for considering mathematics a divine rationality is found in Platonism. This represents a broadly accepted philosophy of mathematics assuming a reality of ideas with which mathematics is concerned.
 We do not have access to this reality through our senses, yet we can grasp its characteristics through our rationality. Thus a triangle, as belonging to the world of ideas, has many properties. While these properties might appear only in an approximate format as properties of triangles of our sense perceptions, they apply exactly to triangles of the world of ideas. Only through our thinking we can come to grasp that these properties apply with certainty to the ideal triangles. 

Certainty has been associated with the Euclidian paradigm, according to which a body of knowledge should be formulated in an axiomatic system. The axioms should be few and simple, and from these axioms deductions will take us to theorems. The simplicity of the axioms would ensure that human intuition could be reliable for assigning truth to the axioms of the system, while the properties of deduction would ensure that truth propagates to all theorems of the systems. In this way axiomatics ensures a body of knowledge to be true with certainty.


The scientific revolution brings a further dimension to this paradigm. It appeared that the properties of nature could be expressed in mathematical terms, meaning that God had created the world within a mathematical format. It has to be remembered that all the representatives of the scientific revolution, Copernicus, Kepler, Galileo, Descartes, Newton expressed a firm belief in the existence of God; atheism as an intellectual possibility did not come about until later. As God had followed mathematical patterns, the secrets to God’s creation, i.e. the secrets of Nature, could be grasped mathematically. The essential point, then, was to formulate the laws according to which Nature was operating.

In The World, Descartes tried to formulate such laws, and he talked about Laws of Nature as being imposed on Nature by God.
 According to Descartes, God was the creator of the universe, while after the creation God left things to themselves, meaning that the universe was running like a clockwork according to the imposed laws.

Descartes found that the Laws of Nature were both simple and few: The first law states that “each particular part of matter always continues in the same state unless collision with others forces it to change its state” (1998: 25). In other words, there are no tendencies in nature, as formulated within the Aristotelian physics: a stone is not searching for it natural place, etc. Nature operates as a mechanism, and not as an organism. The second law states that when a body pushes another “it cannot give the other any motion except by losing as much of its own motion at the same time; nor can it take away any of the other’s motion unless its own is increased by the same amount” (1998: 27). This is a formulation of a principle of action and reaction: there can be neither more nor less in the reaction, than was in the action itself. This law ensures that the material unities of which nature is assumed to consist operate like a system of billiard balls. The whole universe is comparable to a game of billiards, where God made the initial stroke. The third law states that “when a body is moving, even if its motion most often takes place along a curved line … each of its parts individually tends always to continue moving along a straight line” (1998: 29). This law includes the formulation of the principle of inertia. This law negates the Aristotelian idea that heavenly bodies move in circles according to some particular laws applicable only to heavenly bodies. According to the third law there is nothing called a “natural circular movement”. Instead there must be some force which causes the circular movement, in particular there must be a force that ensures the rotation of the earth around the sun. 
After enumerating these three laws, all having to do with mechanical movements, Descartes states: “…I shall be content to tell you that, apart from the three laws that I have explained, I wish to suppose no others but those that most certainly follow from the eternal truths on which mathematics have generally supported their most certain and most evident demonstrations...” (1998: 31) This is really a profound insight Descartes claimed to have reached. He had identified the laws of nature, three in total, and this means that, according to the Euclidian paradigm, one would be able to deduce all true statements about nature from these three laws, taken as axioms (and simultaneously observing all mathematical truths).
Descartes provided a verbal formulation of the Laws of Nature, but they could be restated in a mathematical format. This means that one can achieve tremendous insight into nature by means of mathematics. God created Nature as he imposed the three Laws of Nature (and only these three including their consequences) on it, and as soon as these laws are grasped and formulated, there are no secrets of Nature which humankind could not come to grasp. Mathematical rationality had really taken a divine form. 
Through mathematics a perfect harmony between knowledge and what is to be known can be established, and knowledge in the sense of true-with-certainty can be obtained.
 This conception brings about a certain set of preoccupations within the philosophy of mathematics which can be condensed into the following two questions: What is the domain of mathematics? What is the nature of certainty in mathematics? These two questions – concerning ontology and epistemology – establish a broad paradigm within the philosophy of mathematics, where logicism, formalism, and intuitionism have taken up their positions. This paradigm prolongs the celebration of mathematical rationality.
 It does not leave much space for a social-political critique of this rationality.
2. A demonic rationality?
While the scientific revolution has symbolised what scientific progress could mean, the industrial revolution, which was soon to follow, symbolised progress in a broader technological and economic form. A defining idea of modernity was that scientific progress is a “motor” of progress on a grand scale.
 However, it became obvious that the industrial revolution could hardly serve as an enduring example of progress. One only had to consider the working- and life conditions of the workers and their families. Sharp observations have been presented, for instance, by Friedrich Engels in The Condition of the Working Class in England, Émile Zola in Germinal from 1885, and George Orwell in The Road to Wigan Pier, first published in 1937. There is much more included in science-based social changes than progress. 
The approach of the Frankfurt School includes a critique of positivist science and the development of the modern state, and in One Dimensional Man, first published in 1964, Herbert Marcuse points out problematic aspects of scientific rationality.
 He finds that the very rationality of science, shaped as it is according to positivist standards, is problematic. According to logical positivism all sciences belong to the same family. The basic science is physics, while other sciences, like chemistry, biology, psychology can be reduced to dealing with the physical reality. This reductionism is basic to the positivist claim that a universal science – observing the same standards, the same criteria for quality, the same methods – is possible. And as mathematics can be considered the language of physics (an idea that is immanent in Descartes’ formulation of the mechanical world view) it can be seen as the language of science in general. It represents the rationality of science. According to Marcuse, however, this rationality brings about a devastating formation of the social sciences and, in turn, of society in general. This rationality, which Marcuse refers to as instrumental reason, turns sciences into schemes of suppression and manipulation.
Recently this observation was formulated by Ubiratan D’Ambrosio with direct reference to mathematics. In “Cultural Framing of Mathematics Teaching and Learning”, he makes the following comment: “In the last 100 years, we have seen enormous advances in our knowledge of nature and in the development of new technologies. ... And yet, this same century has shown us a despicable human behaviour. Unprecedented means of mass destruction, of insecurity, new terrible diseases, unjustified famine, drug abuse, and moral decay are matched only by an irreversible destruction of the environment. Much of this paradox has to do with an absence of reflections and considerations of values in academics, particularly in the scientific disciplines, both in research and in education. Most of the means to achieve these wonders and also these horrors of science and technology have to do with advances in mathematics.” (D’Ambrosio, 1994: 443).

With this formulation we leave behind any assumption of mathematics representing a universal logic of progress. Instead D’Ambrosio points out that mathematics is part of not only the achievement of wonders, but the production of horrors as well. In fact his formulation expresses that mathematical rationality is critical, a point that we will return to later. 
3. An insignificant rationality?
When I refer to “social theorising”, I do not have particular sociological studies in mind, but rather the formulation of broader conceptual perspectives through which one tries to grasp basic features of our “social condition”. Let me refer to a few representatives of such social theorising.
Anthony Giddens presents the notion of structuration through whish he tries to capture how actions and structures are related in complex social processes.
 The notion of structuration highlights a general quality of social phenomena, namely as both given and constructed. They are both facts and fabrications. In Giddens’ sociological writings there is no elaborated reference to mathematics. It appears that the very concept of structuration can be developed without reference to any form of operation of mathematical rationality. In this sense I see Giddens as representing the position that mathematics is insignificant for social theorising.

Zygmunt Bauman elaborates on the notion of post-modernity and makes profound observations about the social conditions of our time.
 Through the notion of liquid modernity he tries to grasp a characteristic feature of these conditions.
 While social structures and priorities of a more permanent character might have been characteristic of what can be referred to at classic modernity, life-conditions of today have lost solidity. Not only social institutions, but also social priorities and conceptions dissolve as foundations with respect to human priories. Values are taken by the stream of changes. While we, during modernity, might at least have had the illusion of being on firm ground – for instance with respect to notions of progress, improvement, and knowledge – liquid modernity has thrown us into the open sea. Bauman provide his interpretation of liquid modernity with many references: to philosophy, to sociology, to literature. However, it is not easy in any of his writings to find references to mathematics. This rationality seems to have nothing to do with the liquid turn of modernity.
Michael Foucault has explored the knowledge-power dialectics, and he provides a new opportunity for investigating the role of science in society.
 With reference to Giddens, Foucault’s overall point could be formulated as: a knowledge-power dialectics is part of a structuration. And with reference to Bauman, one could claim that this dialectics turns modernity fluid. Foucault investigates the knowledge-power interaction without any particular reference to mathematics and natural sciences. He does not explore the possibility that a main site for such interaction could be the exact sciences and in particular mathematics. In this way, I see Foucault as representing the position that mathematics is of little significance for social theorising. Foucault located the sites for his knowledge-power archaeology within the humanities and in vast distance from the so-called exact and formal sciences. In this way the paradigmatic format of Foucault’s work has de facto fortified the assumption that mathematics is insignificant for excavating relationships between science and power and for social theorising in general.
Jacque Derrida referred to mathematics when he commented on Husserl’s Origin of Geometry.
 However, these comments do not help to identify mathematics as part of significant social processes. Derrida does not provide an opening for seeing mathematics as being relevant for social theorising. Derrida has inspired the development of different notions, and let me just refer to deconstruction.
 This notion refers to the investigation of a social phenomenon and the notions of which this phenomenon is constituted. A deconstruction may reveal the profound depths of assumptions, ideas, and discursive fragments that form the phenomenon in question. The post-structuralist position, as associated with Derrida’s work, has provided a broad inspiration for the deconstruction of a variety of social phenomena. However, within post-structuralism it is difficult to find examples of the deconstruction of formal techniques or of any form of applied mathematics rationality.
 In this way this position has not assigned any significance to mathematics for understanding the social condition.
Richard Rorty establishes a complex integration of different philosophic positions in order to grasp features of our social condition. A particularly important notion in this respect is contingency, which serves to emphasise that social development does not run along already constructed rails making social forecasting possible.
 Contrary to any form of social determinism, Rorty finds that contingency represents a social condition. The future is not anticipated in the past, nor in the present. In his development of the notion of contingency, Rorty does not refer to mathematics, which appears insignificant for understanding contingencies.
Certainly there are many differences between Giddens, Bauman, Foucault, Derrida, and Rorty. However, my short presentation served to point out two similarities. First, they all develop perspectives for reading the most general features of our social condition; and, second, they do not pay any particular attention to the role of mathematics in developing these perspectives. In this (indirect) way they have helped position mathematics as being insignificant for social theorising.
4. Mathematics in action
There are at least two points I want to emphasise when talking about a mathematical rationality as being critical. First, I see this rationality as being significant in the sense that it has an impact on all spheres of social life. Something can be done through this rationality, not least through technology. 

Second, I see the impact of mathematical rationality as undetermined in the sense that it could go in all possible directions: it may provide “wonders” as well as “horrors”. Thus, I do not associate any essence with mathematical rationality which ensures that it will operate in particular ways. Mathematics has no nature that ensures that applications of mathematics will be for the sake of everybody.
 It might be that mathematics may provide wonders, sometimes, and that it might provide horrors, sometimes. However, we should not be trapped by any kind of dualism, including a horror-wonder dualism. It might be better to give up all dualistic frameworks, and associate being undetermined with a much more complex set of possibilities. One could think of mathematical rationality as opening up an indeterminism surpassing any form of dualism. Mathematical rationality might make available unexpected possibilities; bring about devastating risks, serve particular business interests; be a part of schemes of surveillance and domination; etc.

So when I state that mathematical rationality is critical I suggest that it is significant and undetermined. In order to be more specific about the critical nature of mathematics, I will address the following features of mathematics in action: (1) Technological imagination which refers to the possibility of inventing and specifying technical possibilities. (2) Hypothetical reasoning which addresses consequences of not-yet-realised technological constructions and initiatives. (3) Legitimation or justification which refers to possible validations of technological actions. (4) Realisation which refers to the point that mathematics itself comes to make part of reality. And, (5) an elimination of responsibility which might occur when ethical issues related to the implemented action become eliminated from the general discourse about technological initiatives and their implications.


Through the following I will also try to point out that the notions of structuration, liquid modernity, knowledge-power dialectics, deconstruction and contingency become enriched when we consider mathematics in action. 

4.1  Technological imagination

Technology is advanced through imagination. Here and in the following I use “technology” as an almost all-embracing concept referring to any form of design and construction (of machines, artefacts, tools, robots, automatics processes, networks, etc.) decision-making (concerning management, promotion, economy, etc.), and organisation (with respect to production, surveillance, communication, money-processing, etc.). In all such domains we find that mathematics-based technological imagination has been in operation.

As a paradigmatic example of such imagination, one can think of the conceptualisation of the computer. The mathematical construct, in terms of the Turing machine, was investigated in every detail.
 Even the computational limits of the computer were clarified before the construction of the first computer. Any information and communication technology is deeply rooted in mathematics-based imagination. Thus, powerful possibilities for cryptography were identified through mathematical clarifications of number-theoretical properties. A particularly important observation was the identification of what could be referred a one-way function. This is a function, f, where it is easy to calculate y = f(x), when x is given, but impossible in any feasible way to calculate f--1(y), when only f and y are given. That it is possible to construct one-way functions is based on number theoretical insight, and in particular on the observation of the extreme complexity of factorising a product of two very large (say at least 50 digits) unknown prime numbers. In this case it is easy to calculate y = f(x1, x2) = x1 x2, but almost impossible to factorise y and in this way determine x1 and x2.

The identification of one-way functions brought about a new approach to cryptography with respect to computer-based transformation of information. Calculation y = f(x) from the value of x can be associated with encryption, while the impossible task of calculating f-1(y) can be associated with decryption.
 In this way a mathematical construct provided completely new technological possibilities. There is no commonsense-based imagination equivalent to mathematics-based imagination. Furthermore, it must be noted that mathematics-based imagination operates beyond any scheme of prediction; instead it brings about contingencies as a characteristic feature of technological development.
Let us consider another example where a mathematics-based technological imagination is acted out: the determination of prices. We can take air-fares as an example: in this domain we see very different schemes for price setting, and as one element of such schemes airlines deliberately overbook. The overbooking is carefully planned, and it is part of the whole computational experimentation for determining the prices. In particular, the degree to which a flight can be overbooked needs to be estimated from the statistics of the numbers of no-shows for the departures in question. (A “no-show” refers to a passenger with a valid ticket who does not show up for the departure.) The costs of bumping a passenger need to be estimated as well. (“Bumping” a passenger means not allowing a passenger with a valid ticket to board the plane.) 
The predictability of a passenger for a particular departure being a no-show is naturally an important parameter in designing the overbooking policy. This predictability can be improved when tickets are grouped in different types defined by specific conditions, for instance with respect to the possibility of changing the ticket. The whole overbooking policy can be experimented with mathematically, until one has identified how to maximise profit and in this way reach a price-setting, which in turn takes the form of an algorithmic-based ongoing process.
Such experimentation and economic decision-making takes place in all kinds of business, in marketing, in production planning, in big companies, in small companies, in any economics sector of society. Such model-based experimentation represents a structuration, to return to Giddens’ term. However, mathematics-based technological imagination provides a structuration not only of what is taking place, but also of what could take place. It provides a formatting of what could be done, and of what could not be done. As a consequence, the structuration exercised through technological imagination represents a tremendous knowledge-power dialectics.
4.2  Hypothetical reasoning

Hypothetical reasoning is counterfactual, as it is an argumentation of the form: “if p then q, although p is not the case”. This form of reasoning is essential to any kind of technological enterprise as well as to our everyday decisions.

If we do p, what would be the consequence? It is important to address this question before in fact doing p. In order to carry out any more specific hypothetical reasoning within the domain of technology, mathematics is brought in action. A mathematical model comes to represent an imagined situation, which could refer to any form of technological design, construction or decision-making. The mathematical format of the imagined situation becomes the basis for coming to grips with the implications of realising what was imagined. However, the implications that are indentified by investigating the mathematical lay-out of the imagined scenario are not real-life implications; they are calculated implications. And it is far from obvious what might be the relationship between calculated implications and real-life consequences of completing the technological enterprise. 
For instance, the possible impact of a particular over-booking strategy can be investigated through model-based hypothetical reasoning. Still the real business implications could easily turn out to be radically different from the calculated implications. This applies not only to the design of price-policy. It applies to any kind of economic enterprise. It applies to any form of technological enterprise. One carries out calculations based on a mathematical construct in order to estimate consequences of not-yet performed actions. However, in most cases there is no other way of doing so.
Considering the mathematical format of hypothetical reasoning, we see how risks can be produced. When we identify implications of completing a certain construction based on mathematics, there is always a risk of something being overlooked. In fact very many aspects are by definition overlooked, as mathematics only represents particular features of a situation. There is no direct similarity-relationship between a real-life situation and its mathematical representation. Mathematics-based hypothetical reasoning is formulated within a logical space provided by a mathematical construct, implying that only consequences within such a space can be grasped. Risks emerge from the fact that mathematical modelling is by definition a technique for overlooking. It is always accompanied by similarity gaps, which is fertile soil for the growth of contingencies, as part of any technological enterprise is closely related to these gaps. The emergence of the risk society is part of the development of mathematics-based technologies. 
4.3  Legitimation or justification?
According to a classic perspective in philosophy, justification refers to a proper and genuine logical support of a statement, of a decision, or of an action. Naturally, what is proper and genuine and what is logical are not simple to define, but the notion of justification includes an assumption that some degree of logical honesty can and has been exercised. The notion of legitimation does not include such an assumption. One can try to legitimate an action by providing some argumentation, although without much logical significance. The point of providing a legitimation of an action is to make it appear as if it is justified. In general, a legitimation is an as-if justification.

However, it might only be within an idealised philosophical framework that it is possible to distinguish between legitimation and justification. Mathematics might blur such a distinction. When a mathematical model is brought into effect, it can serve as both a legitimation and a justification. It can help to provide priorities, although the basis for doing so might be obscure.
Let me try to illustrate by a quotation from an article ‘The Predator War’ by Jane Mayer The New Yorker, which addresses USA’s use of unmanned aircraft which can be used for identifying targets and for launching missiles: “Though the C.I.A.’s methodology remains unknown, the Pentagon has created elaborate formulas to help the military make such lethal calculations. A top military expert, who declined to be named, spoke of the military’s system, saying, ‘There’s a whole taxonomy of targets.’ Some people are approved for killing on sight. For others, additional permission is needed. A target’s location enters the equation, too. If a school, hospital, or mosque is within the likely blast radius of a missile that, too, is weighed by a computer algorithm before a lethal strike is authorized.”
 
Although the particular details of such “elaborate formulas” for helping the military most likely will remain a military secret, we can speculate about the kind of rationality that become acted out through a taxonomy of targets. Such rationality makes part of a scheme for decision making. In principle, one could assume that an automatic connection between the processes of calculation and the military action has been established. However, according to the article one should assume that the decision – firing or not firing – is a human decision, although guided by the result of the calculations. 

We could imagine that the elaboration of the taxonomy has a cost-benefit format. On the benefit side must be enumerated: the importance of the target, and the likelihood that the target would in fact be eliminated by the attack. But I am sure that many other military gains could be considered. The costs of the action also have to be estimated, which also presupposes a range of parameters to be considered. First one could think of death of American soldiers, but as we in this case have to do with unmanned aircraft this parameter might not enter the cost-calculations. However, the value of the airplane must be included, although multiplied by the rather small likelihood that the plane will get lost in the operation. The value of the missile fired will clearly represent a cost. But there are more parameters to consider: non-targeted people might get killed. This could be people from the neighbourhood in general, but, as pointed out, the target could be located close to schools, hospitals and mosques. How does a school become “weighted” by a computer algorithm? Through the number of expected school children killed? Or through the economic value of such a child? Or is it not the school children as such that has to valued, but the negative impact the bombing of school might have? How to measure such negative impact? By the cost of the damage control that has to be conducted? Do similar considerations apply to hospitals and mosques? How to add up all such costs?
The crucial point of cost-benefit analysis is that costs and benefits become measured in the same units. This makes it possible to elaborate a taxonomy. But how are military cost s and benefits measured? What is the shared units for cost and benefits, including the value of fired missiles, American soldiers, civilians in general, school children, hospitals, mosque, etc.? How many killed school children may counterbalance a successful elimination of am enemy target? What is value of a school child compared with the value of an American soldier?

Such questions about equivalence represent the cynicism included in any such cost-benefit analysis, and such questions can only be answered through some cynical equations, where one stipulates units of measurement and relationships between such units. Cynical equations are necessary for any cost-benefit analysis and for turning a process of decision-making into a process of calculation. This applies to military decision-making as well as to any form of decision-making.
The implementation of any form of cynical equations blurs the distinction between mathematics-based legitimisations and justifications. A deconstruction of examples of formal-based justification and legitimation might be highly relevant in order to come to understand how formal reasoning could dominate other forms of reasoning, and simultaneously serve any kind of interest. This not only applies to military action, but to any practice – in engineering, economy, business, administration  – where a mathematics-based taxonomy makes part of a decision-making procedure and might provide a suspicious legitimation with a glimmer of justification.
4.4  Realisation

A mathematical model can become part of our environment. Our life-world is formed through techniques and practices as well as categories and discourses emerging from mathematics in action. Technology is not something “additional” which we can put aside, as if it was a simple tool, like a hammer. We live in a technologically structured environment, a techno-nature. Our life-world is situated in this techno-nature, and we cannot even imagine what it would mean to eliminate technology from our environment. Just try to do the subtraction piece by piece. We remove the computer, the credit card, the TV set, the phone. And we continue by removing medicine, newspapers, cars, bridges, streets, shoes. We have no idea about what kind of life-world such a continued subtraction would bring us into. In this sense our life-world is submerged in techno-nature.

Mathematics is an integral part of both techno-nature and life-world. Thus all the things referred to: computer, credit card, TV set, phone, medicine, newspapers, cars, bridges, streets, and shoes are today produced by way of processes packed with mathematics. But not only the objects which make part of our techno-nature are formatted through mathematics; so are many practices. Mathematics establishes routines. The travel business can again serve as an example. When I want to buy a ticket, the assistant at the travel agency can easily provide information about prices and schedules. The whole computational survey of information is part of the routines of the agency.
Economy has turned into a highly mathematised discipline. Let me refer to one remark Giddens makes about mathematics in Social Theory and Modern Sociology. Here he points out the problem of including mathematics-based models in macro-economic theorising. His point is that such models include a range of assumptions of questionable descriptive value, for instance about the rationality of the consumer, specified in terms of the logical structure of preferences. Giddens might be quite right in claiming that any real-life consumer operates quite differently from the mathematically described rational consumer. As a consequence, Giddens finds such grand-scale modelling to be of questionable use. This is, however, only one element of the story. 
Grand-scale economic models are used in a variety of domains due not to their descriptive, but to their prescriptive functions. Tax-payment is defined through the use of models, exchange rates are continuously defined by means of mathematical algorithms, all economic indices as well. Such indices represent parameters for economic decision-making by governments, by huge companies, by small companies, by consumers. In this sense mathematics models come to make part of our real-life context. Or life-world is not run according to mathematical descriptions, but is stuffed with mathematics-produced parameters which structure decisions and actions at all levels of society.
Surveillance illustrates that mathematics is more than a device for modelling an already existing reality. As it is possible to store and process huge amounts of data, one can establish surveillance on a grand scale. As an illustration one could just consider that it is possible to survey any browsing on the internet, and, for instance, to identify any un-common (maybe suspicious?) pattern of browsing. It is possible to connect the particular browsing history to a particular computer. Such huge scale forms of surveillance are made possible only through mathematics, and when implemented mathematics comes to make part of our reality.
 

Mathematics in action comes to transcend the classic theory-reality distinction. Inspired by Nietzsche, Foucault, and Derrida, the post-structuralist movement has questioned the existence of any theory-independent reality. However, now we can add that the most substantial form of reality can be mathematics-created, and in many cases there was no reality before mathematics made it; data-banking may serve as an example. The mathematics-based technology of surveillance, however, is only implemented to the extend it fits other forms of political or economic interests. Mathematics in action integrates with many other forms of actions and interests.
4.5 Elimination of responsibility
Mathematics-based actions may erase responsibility. Let us again consider the example with the travel agency. The assistant can tell the customer the price of the ticket and whether tickets are available on a certain date or not. The assistant cannot provide a ticket if they are sold out. Even if the costumer might be able to demonstrate that the travel is of extreme importance, the assistant cannot do anything. The assistant is in no way responsible for what the computer states. Nor is he or she responsible for the price of the ticket, the conditions of payment, or for anything that transpires on account of algorithmically defined procedures.

One could ask who is responsible for the actions exercised by use of a computer. Somehow responsibility seems to evaporate. It cannot be the assistant using the model who is responsible. Nor can it be the model itself. Mathematics cannot be responsible, even when it is brought in action. But might we not say, at least, that a certain way of thinking is responsible? Could the people who constructed the model be responsible? Are the responsible ones those who have ordered the model? One feature of the liquidity that Bauman refers to is that the very structure of responsibly gets erased. 
Mathematics in action seems to be missing an acting subject. As a consequence, mathematics-based actions easily appear to be conducted in an ethical vacuum. They may appear to be the only actions relevant in the situation. They might appear to be determined by some “objective” authority as they represent a necessity provided by mathematics. There are many ways of inserting objectivity in calculations: one principal pattern is through the formulation of cynical equations. Their arbitrariness, however, might be covered by an overwhelming mass of formal calculations for formalities, and in this way endow the result with a necessity, although an inserted necessity. In this way the elimination of responsibility might be part of mathematical performances, which in turn constitutes part of a knowledge-power dynamics.

5. A critical rationality?
Let us imagine the situation in an airport where a passenger gets bumped. We imagine that we want to research the “bumping situation” and that we have been tape-recording the conversation between the passenger, who states that she has a valid ticket for this particular departure, and the airline assistant who informs her that the airplane, most unfortunately, has been overbooked and that there are no more seats available. The passenger complains and points out the importance of the meeting she is going to attend. The assistant states that he is sorry about the inconvenience caused by the computer problem, but adds that a rebooking will be done and that the passenger will receive some compensation. 
On the basis of a careful transcription of the whole conversation, we may try to reach an understanding of what has taken place. We can identify different elements of the dialogue; we can point out how the passenger’s irritation is acted out in the dialogue, and how the assistant’s professionalism helps to keep a business-like feature to the conversation. We can imagine elaborating on all these observations, resulting in a detailed discourse analysis. However, whatever we do, based on our empirical material, we will miss a crucial point in understanding the event: the bumping of the passenger is not caused by a computer mistake. It is part of a carefully elaborated booking strategy according to which the overbooking is carefully planed according to cost-benefit calculations recognising the statistically determined probability of a passenger being a “no show” at a particular departure. Mathematics-based procedures for decision-making structure the situation, and if this mathematical agency is not addressed, the situation will remain incomprehensible.


The “bumping situation” only serves as an illustration of the vast range of situations where a mathematical undercurrent influences structuration. This undercurrent has to be indentified as part of the interpretation of what is taking place. We can think of any feature of the techno-nature that envelopes our daily-life situations. Social theorising needs to address how any form of design and construction, decision-making, and organisation is formed through mathematics in action.

I have tried to be more particular about the relevance of addressing mathematical agency as part of social theorising by pointing out that notions like structuration, liquid modernity, knowledge-power dynamics, deconstruction, and contingency can be developed further through discussions of mathematics in action. Thus, we can think of mathematics in action as the distributor of contingencies to all provinces of our techno-nature: both by bringing extreme discontinuities into technological imagination and by opening similarity gaps around any modelling process. While Foucault addressed the knowledge-power dynamics within the humanities – considering the conception of madness, the history of sexuality, and the birth of the prison – one could provide an even more profound study of this dynamics by considering mathematics in action. A new terrain for deconstruction can be explored as we consider the assumptions, preconceptions, and priorities that make part of any mathematics-based form of legitimation and justification, and of the discourse claiming neutrality and objectivity. It is difficult to see how one can operate with overall notions like structuration and liquid modernity and at the same time ignore the specificity of mathematics in action. A mathematics undercurrent can be identified within a huge variety of social phenomena, and this current has an impact on all spheres of life.
I find that mathematical rationality is critical in the sense that it is significant and undetermined. To be more specific about its significance, I have pointed out how mathematics makes part of technological imagination, hypothetical reasoning, legitimation and justification, realisation, and, maybe, an elimination of responsibility. Furthermore, the discussion of these dimensions of mathematics in action emphasises that mathematical rationality is undetermined, as it is not possible to assign either demonic or divine characteristics to mathematics in action. This rationality operates beyond the divine-demonic duality. Like any form of action, mathematics in action can also be discussed in terms of a range of qualities. Such actions might be beneficial, expensive, surprising, risky, boring, etc. In this sense I see mathematics as a critical rationality.
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� See, for instance, FitzSimons (2002).


� See Frege (1967, 1979); and Whitehead and Russell (1910-1913).


� See Hilbert (1967a, 1967b, 1968) and Curry (1951).


� See Brouwer (1975a, 1975b), and Heyting (1956).


� When sometimes I talk about mathematical rationality, I maintain the openness of the concept, but direct more attention to mathematics as a way of thinking, operating, constructing, systematising, and interpreting.


� Platonism in mathematics is, for instance, formulated by Frege who distinguishes between ‘sense’ and ‘reference’ of both concepts and statements (see, for instance, Frege, 1969). Frege points out that while the senses of concepts and statements can be addressed by psychology, the references of concepts and statements represent a world of their own which can only be addressed adequately by logic and mathematics. The world of references has, according to Frege, a Platonic format.


� If we regard Euclid’s Elements (see, Euclid, 2003) as the first paradigmatic layout of the Euclidean paradigm, we may consider Whitehead and Russell’s Principia Mathematica (1910-1913) the closing presentation, still maintaining the idea that axioms are true and that all deduced theorems, therefore, are true. The emerging formalism emphasised, however, that within mathematics nothing can be said, as suggested by Hilbert, about the truth of the axioms. One can only claim that if the axioms are considered true, then the theorems can be considered true as well.


� For a discussion of Descartes’ formulation if Laws of Nature, see also Skovsmose (2009).


� This was what Descartes concluded in his Meditations (Descartes, 1993).


� Many investigations within this paradigmatic limitation have recently been conducted: as an example one can refer to Shapiro (2000). A collection of articles defining this paradigm is found in Benacerraf and Putnam (Eds.) (1964). The purity of mathematics has been expressed in many different ways. Thus Bourbaki (1995) and Dieudonné (1970) present mathematics as a pure logical architecture, while Hardy (1967) presents it as a sublime form of art. Together with Ole Ravn, I try to elaborate a philosophy of mathematics which steps beyond this paradigm, see Skovsmose and Ravn (draft).


� For a discussion of the notion of progress, see Bury (1955), where Beard’s introduction celebrates science and technology as the icons of progress. See also Nisbet (1980) and Christensen (2003). 


� For a critique of positivism see also Horkheimer (1999, 2002) and Horkheimer and Adorno (2002).


� See Giddens (1984).


� See, for instance, Bauman (1998, 2001).


� See, in particular, Bauman (2000, 2003, 2005).


� See, for instance, Foucault (1989, 1994, 2000).


� See Derrida (1989).


� See Derrida (1974).


� It would be an unfair simplification to try to fix the label of post-modernity to Žižek’s tremendous production. Anyway, his broad approach does not acknowledge that the role of mathematics might be significant to consider for social theorising. See, for instance, Žižek (2008, 2009).    


� See, Rorty (1989).


� It has been argued that the very nature of mathematical thinking is democratic, and that, as a consequence, it was no coincidence that mathematics and democracy developed during the same period in Ancient Greece (see Hannaford, 1998). 


� For presentations and discussions of mathematics in action see Skovsmose (2005, 2009); Skovsmose and Yasukawa (2009); Christensen and Skovsmose (2007); Christensen, Skovsmose and Yasukawa, K. (2007); Skovsmose, Yasukawa, Christensen (draft); and Skovsmose and Ravn (draft). The following presentation of mathematics in action draws directly on this material.


		A range of sociological studies can be related to the discussion of mathematics in action. However, while the sociology of mathematics points out how the social has an impact on mathematics, the discussion of mathematics in action points out how mathematics has an impact on the social (acknowledging that mathematics itself is a social construct). Bloor (1976) and Wilder (1981) provide an opening for the sociology of mathematics, and many studies have followed.


		A range of studies have addressed how information and communication technologies have a particular impact on the social. In many cases these studies, however, have only addressed the features of these technologies in the most general way. Bell (1973, 1980) provided an important opening for the discussion. See also Castells (1996, 1997, 1998).


� See, Turing (1965), as well as Skovsmose (2009) for a discussion for this example and the following example of technological imagination.


� See Skovsmose and Yasukawa (2009), as well as more general presentations in Schroeder (1997) and Stallings (1999). See also Diffie and Hellman (1976) for the presentation of the original idea.


�  Brian Greer drew my attention to this quotation. See the whole article at: � HYPERLINK "http://www.newyorker.com/reporting/2009/10/26/091026fa_fact_mayer?currentPage=all" \t "_blank" �http://www.newyorker.com/reporting/2009/10/26/091026fa_fact_mayer?currentPage=all�





� Medicine is another domain where mathematics-based prescriptions shape reality. Thus diagnoses are established with reference to statistics-based definitions of what is normal. The decision to be made depends on the deviation from the norm according to certain parameters (concerning the level of cholesterol and blood pressure, for instance). Decision-making can be routinised, treatment can be routinised, and the extension of such routinisation can ensure efficiency. At the same time the procedures include new risks, as, being defined through a mathematics-based norm setting, they need not apply adequately in all situations.
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