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Formal Sciences: “as an anthropic product of human reason”
Summary
The emergence and stability of the rational mind in the human species produced history. Looking towards the future of human evolution, its possibilities must be foreseen through a prognosis founded on forecasts of the future of reason. In the past, an eminent product of reason was the creation of the so-called formal sciences. These were and will continue to be an instrument created by the mind in order to ponder on what the future might be. The formal sciences are the most effective “extension of the mind” in order to assess what the future of the human species might bring. 
The “expansion of the mind in formalisation” means that we must address exciting themes for discussion such as the re-ontologisation and re-functionalisation of the mind. What are the formal sciences? What are the causes which have produced formalisation and what does this consist of as a natural product of the mind? These questions must be answered scientifically within the framework of the current discussion on the nature of the natural mind (see: session four, D-4): the formal sciences are a product of the natural mind. The proposal in this framework document, which must be assessed and discussed is that the formal sciences are “structural representations” constructed by the mind. 
They are products derived from the “structural” representative functioning of the natural mind in order to survive by adaptation to an objective world constructed as a “structure”; the world, in fact, is accessible to the senses and perception as “structure”. According to this, the formal sciences would have commenced by abstracting and imagining “structures” applicable to the cognitive organisation of a world of “structures”. Does the real world which is maintained as “structure” present absolute consistency and self-sufficiency in itself? Are the structures “imagined” by the human mind in the formal sciences absolutely consistent and self-sufficient in themselves? 
When the real structures of the world are known supported by the formal structures, can the human mind construct formalisations which are so consistent (or self-sufficient) that they make it possible to know, predict and control reality absolutely and self-sufficiently (that is to say, matter-universe-life-man)? These are the questions which human evolution presents and which involve us in what can be called the metaphysics of formal sciences, already noted in the theorem of Gödel.  
Objectives, criteria and methods
1. The formal sciences are a product of the natural human mind: more specifically of its evolutionary classification as rational. The “rational mind”, therefore, has produced the formal sciences and this shows one of its most surprising emergent manifestations (the human mind as a new psychic product which did not exist in preceding life and is qualitatively irreducible to this). 

By “formal sciences” we understand the fact that the rational mind “has imagined abstract forms”. a) Imagined: the formal sciences are constructs “created” by the human faculty to “imagine”; or, although they are viewable (for example with a paper and pencil, as has always been done in mathematics), this viewing responds to an internal imaginative and creative representation of the mind. b) Forms: what is imagined are “forms”, or “structures” or “systems”: that is to say, sets of “imagined objects” and the dynamic relationships between these in accordance with certain regulations. c) Abstracts: there are “imagined forms” searched for and conceived in themselves, “abstracting” (separating) from the real world. 
2. To say that the formal sciences are “abstract” does not signify that this has not been produced with applied objectives: that is to say, oriented to using these abstract, imagined forms for the knowledge of the real world. In fact, the formal sciences were born as a mathematics of immediate application in order to count and measure time and space (arithmetic and geometry). The idea of abstract formalisation arose little by little and is a modern contribution. This justifies considering them as “sciences” (even though they do not directly intend to obtain “knowledge”, but only “help to know”). In fact, science has always been “knowledge” of the real world; if the “formalisations” are at the service of “science”, they should also be considered to be “formal sciences”, as they conceive “forms” at the service of knowledge. They have been considered in this way and used in the history of science. 
3. The construction of a variety of “forms” has given rise to classes of formal sciences. These have multiplied in recent years. There has been a mathematical, arithmetical or geometric formalisation; a logical formalisation; a systemic formalisation; a linguistic formalisation; a computational formalisation, among others. The knowledge, control, and even construction, of real systems which are more and more complex mean that today new hyper-complex, formal systems are also necessary to give rise to new classes of formal sciences (the formalisations applicable to computation sciences, for example, were unknown a few years ago).  
4. Just as life,  matter and  the universe contain properties which we have classified as “anthropic” because they make possible and anticipate human emergence, as well as the current “human mind” presents properties which we can also consider to be “anthropic” insofar as they make possible and anticipate the man of the future. The mind of today, and especially its surprising formalising activity, enable us to gain an intuition and value human evolution beyond the present time.
5. The formal sciences are a fact. They have a history which leads to our days and can be reconstructed with precision. At the present time the formal sciences have an unquestionable, objective presence, and even their possible future evolution can be studied. Thus, they constitute more empirical evidence in the phenomenological explicandum of human evolution. They are facts which have been produced by the human mind and, therefore, they are a evolutionary product of the natural human faculties which “must be explained”. The question is why the human mind has been able to “imagine” the formal sciences?   
6. The formal sciences pose the problem of their origin: they point to the knowledge of how and why they have been created by the human mind. That is to say, what the causes which produced them were. It is evident that explanatory theorisation on this depends on the idea of the human mind  which has been established as a presupposition, as, in the end, the formal sciences are a product of the faculties of the natural human mind (this is the theme of the fourth session of the workshop on man-neurology). 
Consequently, the formal sciences as a real produced fact denote where human evolution has reached. These are, in fact, explicandum which must be known scientifically as a product of the human mind. However, they are also a product of the mind which, as we said, has an extraordinary anthropic value, which enables us to have an intuition of the future evolution of the human mind. In any case, both knowledge and the anthropic valuation of the human sciences depend on the theory which is previously established in order to explain the natural human mind; or, the theory of the causes which produce it, its nature and its natural functioning. 
We refer to this below: firstly to the models of the causal origin of the formal sciences in the human mind, secondly to their anthropic valuation. 

7. The models respond to the inevitable supposition that formal science is a product of the natural human mind. Their differences arise from the way to understand how the human mind produces formal sciences. And this depends on the ontology of the presupposed mind (the idea of its causal origin, of its nature and of its functions: see the fourth session, D-4). According to this, we select the following models in order to explain the natural origin of the formal sciences.

a) A priori, logicist, rationalist models. Formalisation would arise from the capacities contained in the human mind a priori. The mind would be “constructed factually” (separate from evolution) in such a way that it would impose the laws of logic, mathematics, language, etc. This is how the Scholastics, Kantians, Logicisms (perhaps that of Russell), rationalisms (perhaps that of Chomsky), etc.  seem to think.

b) Functionalist model. Functionalism does not propose theories related to the origin of the formal sciences, but describes the laws of the functioning of the mind which made it possible to create these and their results (or, the formalisations which the human mind has, in fact, constructed in history). The study of both factors can make it possible to propose functional theories (basically “descriptive”) on what the formal sciences are.  

c) Platonic-intuitive model. In accordance with the classical platonic essentialism, the formal forms or essences (e.g. mathematics) would be the fruit of the creating imagination carried out by the same mind through a “direct intuition”. Authors such as Whitehead or Penrose seem to have insisted on this form of understanding the origin of the formal sciences.  

d) Evolutionary models. As regards the three previous models, the evolutionary models consider that the mind is formed evolutionarily and, therefore, the formal sciences must also be a product which is in consonance with evolution. They do not have a “construct” state which is proper to an atemporary mind, but are a product of evolution in time within the biological framework through adaptive and a priori mechanisms. Perhaps the most probable is that the “rationalism” of Chomsky must be understood as evolutionary.

e) Representative-neuronal models. As they have arisen from evolution, the formal sciences respond to the natural activity of the mind and, therefore, are the result of the functioning of the nervous system. Specifically, they are the result of the representative, cognitive, imaginative activity possible through the ordinary mechanisms of the neuronal networks. This means that, in the final analysis, the formal activity of the mind would be founded on an imagination connected to the sensitive systems. Even the formal-abstractive activity would be produced from sensitivity. 

f) Constructivist models. These would be the fruit of a free construction from the imagination which would not respond to conditioning separated from the creative process. Some conceptions of the origin of mathematics such as the constructivism of Brouwer would seem to respond to this case. 

g) Adaptive-a posteriori models. This would be a constructivism in which force is placed on an imaginative construction which depends on the a posteriori experience of an objective world to which the mind must adapt. The world is presented as “structure” (matter and universe are a construction which organises the differences in unitary systems). Thus, the human mind generalises the concept of structure  from its experience of the structure of the world: conceiving the structures which make it possible to understand the real objective world and, at the same time, conceive other possible worlds imaginatively.  

h) The Piaget model (Piaget). This is a way to explain the origin of the formal sciences in accordance with the adaptive –a posteriori model. It has had considerable influence. 

i) The Zubirian modelo (Zubiri). This is also a version of the same adaptive-a priori model. The mind feels the “reality” which is presented to it a posteriori and notices that this is real as a “structure”. Thus, their capacity to imagine structures whether these respond or not to the real objective world. 

j) Epiphenomenalist computational models. As regards computationalism, the nervous system is a computer constructed biologically by evolution in order to process optimum adaptive responses. This natural, dynamic  process understood as computational biological self-programming or connectionist networks (PDP) would produce an overabundance of formalisation (that is to say, more formalisations than those which, in fact, are being applied in order to react as regards the medium). Consciousness would be a marginal phenomenon (epiphenomenon) which would not intervene in causing the behaviour (as this would be an automatic result of the computation of the information or of the connectionist networks). According to this, on constructing the formal sciences, the epiphenomenal consciousness would verify the presence of the overabundant formal systems constructed in the mind by natural evolution.    

8. These models represent explanatory options of the natural mind which are sometimes exclusive and sometimes not. To be inclined towards one model or another supposes being situated in a direction which will value the anthropic power of the formalising capacity of the human mind. This will also influence the way to understand philosophical, metaphysical and religious-theological discourse. 

Anthropic valuation of the formal sciences

9. The functional faculties of the human mind indicate future evolution tendencies. The formalising faculty of the mind and its products are perhaps where these evolutionary tendencies point with more impact. It is a question of “anthropic” tendencies because, from the current reality of the mind, these will make the “man of the future” possible as this will be a product of the possibilities of the mind itself. These are tendencies which are discussed insofar as the proposal and the valuation can be made in different ways. Today this discussion forms a substantial part of the philosophy of science and the philosophy of formal sciences. As a suggestion, we point out the following anthropic tendencies of the formal sciences. 
a. Imaginary list of possible forms. Through the formal sciences, the mind is open to an almost infinite “imaginary list” of possible forms and structures, which is both static and dynamic. Dynamic because it can imagine structures which change its form depending on the changing internal and external information, or depending on the self-generation of change designed in the same form. They can be freely imagined or inspired in a real aspect (space, time, thought, language …). The generating dynamics of the forms and of the formal change can be produced by several designs; it can even be generated by machines. One of these designs is computational: when change is generated in series or in parallel, by computing operations which respond to the imagined dynamic design. The future of human evolution will depend on the capacity to design and develop these forms, as well as the nature of this “growing imaginary list of forms” which will be placed at the service of human life.
b. The design, register and synthesis of knowledge. Through dynamically acting forms and machines, complex human knowledge can be registered, recovered, manipulated and related. For example, through the existing calculation designs which we know as expert systems or “artificial intelligence” in general
c. The design of formalising technologies. Technology consists of systems of cause-effect interactions between material states, either in series, or in parallel, until they produce certain useful results. These specific technologies always respond to formal dynamic designs which serve to operate already created formal systems, e.g. la mathematics (in series or in PDP parallel). Interactions can even be designed between technologies and independent formal designs (e.g. computational and connectionist). The new formalisations which are created can inspire and boost the imaginative list of new physical, biological and neurological technologies required to “operate these”.
d.  The heuristic design of knowledge. The formalisations can automatically and creatively generate new knowledge. Thus, they will be heuristic systems: dynamic systems to seek and conceive new knowledge. There are formalisations which only organise and relate existing knowledge (before, points b and c: e.g. expert systems in medicine). But there are other really heuristic formalisations which open up, suggest and conceive new knowledge. Thus, the formalisations which conceive and suggest material states beyond the observable and predictable: the formalisations applied in string theory, or the simulations of atmospheric weather, the origin-evolution of our universe, and other possible formalisations. 
e. The heuristic design of technology. In addition, in the same way as there are heuristic formalisations in order to produce knowledge, it would also be possible  to design formalisations oriented to heuristically producing new technological possibilities. New and unforeseen technological systems could be generated by dynamic heuristic formalisations designed to invent them. 
f. Extension of the mind. According to this, the formalisations are the grand means or instrument created by the mind for its own expansion. They have an extraordinary anthropic force in order to modulate the possibilities of the man of the future. Formalisation has enabled science to expand knowledge quantitatively and in an organised way, as well as increasing the rapidity and extension of the register, recuperation, technological handling, relation and production of knowledge. It has also permitted the extension of creativity by automating heuristics in knowledge and technology.
g.  Simulation of the mind. The “extension of the mind” in formalisation does not entail ontological mind-formalisation-machine (computer) identity, nor functional  identity. The formalisations and the computing machines in which they are dynamically implemented are not “ontologically” equal to a living being with sensitivity and consciousness. Neither are they equal in their way of functioning in order to achieve results, nor are the formalisations of calculators functionally equal to a living being and its mental functions. However, it would be possible to use formal systems in order to “simulate” functions of the natural mind and implement these in a calculator (we refer only to the functional, not to ontology). Although it  is an issue under discussion (remember the opinions of Penrose), everything seems to indicate that the mind will be increasingly more possible to simulate functionally (not ontologically), both as regards production and the heuristics of knowledge. 
h. Re-ontologisation of the mind. Therefore, the formalisations involve something like a re-ontologisation of the mind; or, in other words, the production of a new artificial mind, with a different ontology from the natural mind, although it will be designed and controlled by the natural mind. Nevertheless, where the re-ontologisation of the mind will reach is  still a subject of discussion. Until now, it is a re-ontologisation which is different from the natural mind, although it can be coordinated with this (different as regards its hardware and as regards its software). If current hardware (calculators) is replaced by biological systems which implement formal dynamic systems, it would be a question of a re–ontologisation which is more similar to the human one. If possible, an ontological connection beyond the merely instrumental remains open. Moreover, matter-universe possesses holistic properties (which the physical-ontological support for sensation perhaps depends) and these could be technologically manipulated in order to construct “sensitive” hardware. These are speculative possibilities. This would pose questions on the possibility of connecting these new biological technologies to the sensitive biological hardware of living species. 
i. Re-funcionalisation of the mind. The formalisations also involve a re-funcionalisation of the mind. The logic or software of the dynamic formalisations in themselves and the machines designed to generate their operative capacity (including their possible biological capacity), in fact, entail the appearance of new functional faculties, which are not in the natural mind, but are instrumental in boosting the objectives of the mind, and even perhaps, as stated before, ontologically and functionally connectable with the mind itself. With what has been sated up to now, we see how the functions of the natural mind used to operate mathematics have been o re-functionalised by computers (Turing’s machine) in order to operate mathematical more complex problems more rapidly.
j.  Absolutisation of the mind. The increasing growth of formalisation will augment the possibilities of domination and control of matter-universe-life-man to the same extent through the “extension of the mind”. Where will this domination reach? Will an absolutisation of the mind take place? If this is to take place, two conditions must be fulfilled: a) the availability of formal systems which are absolutely consistent in themselves, perfectly constructed, self-sufficient, consistent and closed; b) the knowledge of natural events (matter, universe, life, man) in order to make these correspond with these formal systems. To what extent is it speculative if nature could correspond with these absolute formal systems, the human mind would possess an absolute domination and control over reality?  In any case, the theorem of Gödel, and other speculations on the metaphysics of the formal sciences pose questions on the possibility that the mind might create absolute formal systems, with a closed self-sufficient consistency.     

Discussion
Epistemology of the formal sciences 
The way to understand the formal sciences and their anthropic, orientating role in the future of human evolution depends on the epistemology of the formal sciences which is presupposed. What are the formal sciences? What role do they play in science? Are the epistemological principles presented correct? Do they connect with the scientific-neurological image of the natural mind? Can alternatives be proposed?

Classification and interdisciplinary nature of the formal sciences
Today there is a growing variety of formal sciences and their numerous technical applications. What are these? How can their specific epistemologies be presented? What anthropic possibilities do they indicate for the future of the human species?

Formal sciences and sciences of reality
The formal sciences are not a purely “imaginary” world, they are something created by the mind “from” and “for” reality. How do the formal sciences arise from the natural mind? Are there alternatives to the proposals made in the work document? How do these connect and open up possibilities for the real sciences? What conditions does the form of the “structure of the matter-universe-life” establish so that the formal sciences may be “instrumental” or “useful” for the real sciences?

Models of the natural origin of the formal functions of the mind
A number of explanatory models have arisen in the work document. How are these to be valued? What arguments back these up and what criticisms are they subject too? Are there alternative models?

Anthropic properties of the formal sciences 
The fact that the mind has created the formal sciences points toward important anthropic properties, insofar as they indicate where the human species might evolve towards. In the work document, we have listed some of these. How are these to be valued? What anthropic lines of evolution do they indicate? Are there alternatives?

Natural ontology and artificial ontology of the mind
The anthropic line of the re-ontologisation and re-funcionalisation of the mind gives rise to important speculative discussions. What new “instrumental” possibilities will appear for the “extension of the mind”? Will an “ontological-functional extension of the mind” be possible? Will a biological extension of the natural mind which makes a new ontology and a new functional software emerge be possible? How much of this is legitimate scientific speculation and how much is science-fiction?

Metaphysics of the formal systems 
The ontological-functional growth and limits of formal sciences and their implementation technologies in machines or biological systems give a probable measure of the anthropic future of the human species. As well as a measure of the metaphysics or final knowledge-domination of the reality of matter-universe-life. What direction does the “metaphysics of the formal sciences” indicate? Do these “metaphysics” really exist? What do the speculation and interpretation of the theorem of Gödel contribute to this issue?
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