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Mathematics has penetrated many parts of our lives. It has capitalised on its abstract consideration of number, space, time, pattern, structure, and its deductive course of argument, thus gaining an enormous descriptive, predictive, and prescriptive power. A process of mathematisation has taken place in many areas of science; quantitative studies are highly valued in the humanities; it is almost impossible to understand any modelling in economics without a solid mathematical background. In all these fields mathematics can be regarded as the grammar of the particular scientific discourse. However, mathematics being the grammar implies that the characteristics of this grammar strongly influence the development of the fields in which the use of mathematics is made. It turns out to be difficult to integrate any idea that cannot be formulated in mathematical terms into an accepted body of mathematically formulated theories.

The impact of mathematics is by no means restricted to scientific activity. Mathematics-based decisions affect the social interactions in technological societies on many levels. On the level of the national policy, decisions about the distribution of state salaries, pensions, and social benefits rely on mathematical extrapolations of demographical and economic data provided by experts, the results of which often are communicated by means of formulae and diagrams. On the level of interpersonal relations, mathematics-based communication technologies have already changed the habits and styles of private conversations. Of course, the mathematics is mostly invisible, as in mobile phones and internet chat forums, or it is just recognised on the surface as a medium of presentation. 

Why is mathematics so powerful? Mathematical thinking has the power of hypothetical reasoning: It is possible to calculate some consequences of different scenarios before the corresponding actions are carried out. Nobody needs to be afraid of any immediate consequences of mathematical thought. In the long run, however, the world of mathematical thinking transforms back to what Keitel, Kotzmann and Skovsmose (1993) describe as a system of implicit knowledge. In many cases, we are neither aware of the circumstances under which a particular mathematical model has been processed, nor of the purposes for its initiation. The social origins and the history of many mathematisations are immersed. Technology, including social technology, functions as a black box – and the constitutive mathematics needs not to be reflected upon anymore. The substitution of abstraction processes by black boxes produces what Keitel et al. call implicit mathematics. 

In order to stress the point that mathematics shapes the technology with the help of which we organise much of our life, Keitel et al. introduce the notion of realised abstraction. Mathematical thinking becomes materialised, it becomes part of our reality, and most of the time we do not ask where it comes from or what it is – there is no necessity for doing so. Our time-space-money-system is a striking example for the implicitness of the underlying abstraction processes.

The concept of realised abstraction may make us understand that the mathematisation of our world is just one side of the coin. The existence of materialised mathematics in the form of black boxes reduces the importance of mathematical skills and knowledge for the individual’s professional and social life. A demathematisation process is taking place:

This term [demathematisation] also refers to the trivialisation and devaluation which accompany the development of materialized mathematics: mathematical skills and knowledge acquired in schools and which in former time served as a prerequisite of vocation and daily life lose their importance, and become superfluous as machines better execute most of these mathematical operations. (Keitel et al. 1993, p. 251)

The process of demathematisation affects strongly the values associated with different kinds of knowledge and skills. For the user of technology it becomes more important to, first of all, simply trust the black box and, then, to know when and how to use it – for whatever purpose. 

Chevallard (1989/2007) draws attention to the importance of a process he describes as follows:

Implicit mathematics are formerly explicit mathematics that have become “embodied”, “crystallized” or “frozen” in objects of all kinds – mathematical and non-mathematical, material and non-material –, for the production of which they have been used and “consumed”. (Chevallard 2007, p. 58)

For Chevallard (2007: 60), the dialectic between implicit and explicit mathematics resides in a “never-ending, two-fold process of (explicit) demathematising of social practices and (implicit) mathematising of socially produced objects and techniques”.

It is indeed this process, which has to be the starting point of any discussion of the value of mathematical skills for an individual. 

Mathematisation/ demathematisation through technology

Keitel (1989) illustrates the role and possible effects of technology by the example of the mechanical clock. The construction of the clock is based on the perception of the movement of the planetary system: 

This approach is generalized and condensed to a mathematical model, transformed into a technological structure, and as such installed outside its original limited realm of significance. Earlier human perceptions of time, which had grown out of both individual and collective experiences and remained bound and restricted to these, were now rivalled and ultimately substituted for by the novel way of perceiving time. (Keitel 1989, p. 9)
The first effect of this technology is a mathematisation that makes it possible to measure time precisely and independently from the quality of the processes measured. The abstraction of comparability is presupposed. The objective character of the mechanical clock denies subjective experience of time. The specific (subjective) situation, in which time is measured, has lost its relevance. A formalisation has taken place. Time is no longer valid as a concrete sensory experience.

This objectification and formalisation still has tremendous implications: Time is regarded as the sum of arbitrarily regular units. Mathematics as the grammar of science is reinforced:

The mechanical clock extends the domain of quantification and measurability. Applying measure and number to time means measuring and quantifying all other areas, in particular those where time and space relate to one another. The measurability of time pushes forward the development of the natural sciences as (empirical) sciences of measurement (and hence objective sciences) and mathematics as the theory of measurement. (Keitel 1989, p. 9)
Equally important, mathematics serves as the grammar of social order and social coordination. Keitel et al. (1993) refer to F.W. Taylor’s introduction of “scientific management”: Every complex work process can be broken down into elementary components; the time necessary to carry out these elementary components can be measured; the time in which a complex work process should be finished is the sum of the small but many “pieces of time” needed for the elementary components. Here, the measurement of time “objectively” determines work organisation. It appears as if mathematically conceptualised time were the most natural thing in the world. The mathematical abstraction, which is encapsulated in the clock, has vanished from the surface – but it nevertheless continues to be effective.

Technology can be characterised by its effect of making the underlying (mathematical) abstraction processes invisible. At the same time, technology facilitates the use of mathematics in social or technical situations precisely by liberating the user from the details of the mathematics involved. A curious correlation can be observed: Whereas the flexibility and potential of mathematical thought lies in its harmlessness – there is no immediate threat of changing the physical world by carrying out mathematical abstractions and calculations – the materialised mathematics of technologies has lost its innocence. Whereas mathematics offers hypothetical explorations into new problem solutions, the use of “frozen mathematics” in the form of technology might restrict the scope of problem solutions that could have been imagined.

Mathematisation/ demathematisation and power

Skovsmose (1998) regards mathematics as an essential instrument for exercising technological power. He sees an increase in the range of applications of mathematics linked to modern information technology. Mathematics has not only become an integrated part of technological planning and decision making but also an invisible part of social structuration, encapsulated in political arguments, technologies and administrative routines. Citizenship presupposes the excavation of “frozen” mathematics.

Following this line of argument, demathematisation excludes citizenship, and development of appropriate excavation tools becomes a central issue. Skovsmose introduces positions of social groups who are involved in or affected by mathematics in action in different ways. The “constructors” are those who “develop and maintain the apparatus of reason” (Skovsmose 2006: 140). In constructing mathematics based technology, this group exercises power over “operators” and “consumers” of this technology. 

Whereas the constructors are involved in developing mathematical technology, the operators are those who work in jobs, in which they have to make decisions on the input and then decisions based on the output of this technology. These job situations can be called “rich in implicit mathematics” (Skovsmose 2006: 142). Those who are listening to a range of offers, statements and reports containing figures and numbers, are called slightly ironically, “consumers” of mathematics. They could ”vote, receive services, fulfil obligations, be citizens”. Consumers are confronted with justifications of decisions based on complex models. 

There is a threat to democracy because of a widening gap of mathematical knowledge between constructors and consumers. The constructors not only provide the technical knowledge for developing solutions but also have the power to define the problems and to initiate new questions. The forming of opinions and political decisions become more and more dependant on their expertise. 

Skovsmose sees as one of the essential problems of democracy in a highly technological society, the development of a critical competence, which can match the actual social and technological development. If the interpretation of democracy is not restricted to formal procedures of electing a body of representatives, but also includes participation and elements of direct democracy, the status of the constructors has to be scrutinised. Decisions made on the ground of mathematical models may be inaccessible to demathematised consumers. However, citizenship includes providing a “talking back” to authority (Skovsmose 1998: 199). This presupposes a wider horizon of interpretations and pre-understandings of mathematical knowledge than passive consumption of offers, statements and reports. Technological competence is not sufficient for predicting and analysing results and consequences of mathematisations. Reflections building upon different competencies are needed. As Skovsmose illustrates, the competence in constructing (or using) a car is not adequate for the evaluation of the social consequences of car production.
Skovsmose (1998) identifies three groups of questions related to reflective knowledge, which focus (i) on the relationship between mathematics and an extra-mathematical reality, (ii) on mathematical concepts and algorithms, and (iii) on the social context of modelling and its implications in terms of power.

The distinction between technological and reflective knowledge, which also resembles the distinction between operators and critical consumers (in opposition to demathematised consumers), is fruitful, but still has to be further elaborated with respect to its consequences for a conceptualisation of content and forms of mathematics education. Especially with respect to those groups of people who are deprived of any kind of formal education, the tension between functional and critical education seems to be exacerbated.
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