
Chapter Five

The Principles of Scientific Explanation
We have demonstrated the internal contradictions and limitations of mathematical physics, both as science and as a model of the way the universe works. We have also shown it to be at once the product of, and an ideological mechanism for reinforcing, the market order. But this takes us only part-way towards our aim. The more difficult task still remains: we must revalidate the use of teleological explanation in the sciences, sketch out a research program for a restored teleological physics, and make at least a preliminary argument for cosmic teleology. This chapter focuses on the first of these tasks, making a preliminary argument for the validity of teleological explanation in the sciences, and argument which will be deepened and enriched in subsequent chapters as we look more specifically at what a teleological physics, biology, and sociology might look like, and validate the usefulness of teleological strategies in each of these special sciences. This chapter will also, however, advance a general thesis regarding the organization of the universe, a thesis which will frame the research program which we are proposing and give specificity to our claim regarding the ultimate meaningfulness of the universe. We begin, however, by an argument regarding the aims of science, and its relationship to the other intellectual disciplines, since it is only in relation to an aim or purpose that the appropriateness or adequacy of a method or strategy can be assess.

Art, Science, and Wisdom
The Changing Meanings of Science
In the contemporary university intellectual disciplines are divided into the arts and the sciences. This is a distinction which we have come to take almost for granted, and to associate with definite subject matters and distinctive approaches. The sciences concern those things which can be subjected to rigorous, value-free investigation which produces general laws or law-like principles which are universally valid with regard to some definite class of phenomena; the arts concern those things regarding which such laws or principles cannot be formulated and regarding which value-judgments of some sort are more or less unavoidable. The social "sciences," in this schema, constitute a kind of gray area between the two realms, with the possibility of value-free investigation and the production of law-like principles hotly debated.
 

We have already seen that this schema is itself an integral part of the same ideological complex as mathematical physics itself --an ideological complex which reduces science to formal description and excludes from rational judgment all questions of fundamental meaning and value, so that the market allocation of resources is protected from critical scrutiny and the personal preferences of the bourgeoisie are transformed into a sacred individual right. In its original, Aristotelian form, however, the distinction between art and science had a quite different significance. Art or  meant excellence in making and along with prudence or  --excellence in acting-- it constituted the sphere of the practical intellect. The arts were further subdivided into the instrumental arts --those which made things which are useful, the fine arts, which made things which are ends in themselves
, and the liberal arts, which made arguments, and thus set us free from unquestioned authority and unexamined opinion, be it our own or that of others, and make us fit to serve as mature participants in the public arena. The liberal arts traditionally included both the trivium of grammar, rhetoric, and logic, and the quadrivium of arithmetic, geometric, music, and astronomy. Science or , on the other hand, along with  or understanding and  or wisdom, were regarded as theoretical virtues. Understanding was excellence in grasping first principles. Science meant excellence in demonstration or explanation. Wisdom or metaphysics is a sort of special case of science which is able to rise to the first principle of explanation and of action --i.e. God-- and thus produce a complete explanation of the universe. 

The relationship between the various disciplines is reciprocal but not entirely symmetric. While in certain respects the theoretical disciplines may be said to serve the practical, as when science, by helping us to understand how certain forms of matter behave, helps advance technology, it is the theoretical disciplines which in the final analysis order and regulate the practical. Thus wisdom or metaphysics governs prudence by telling it what end it ought to serve. Science (e.g. psychology, sociology) governs prudence by telling it how human beings and human societies operate. Higher order disciplines, furthermore, govern lower order disciplines. Thus metaphysics, which alone knows Truth and Beauty, governs both science and the arts. 

Now mathematics and mathematical physics (for which astronomy serves as a kind of representative in the older Greek and Latin schemae, being the only developed branch of mathematical physics) are not sciences, but rather liberal arts. They do not, properly, explain but rather make. In the case of pure mathematics, this means making arguments regarding what is logically possible.
 In the case of mathematical physics this means making what amount to mathematical models (formalisms) and arguments regarding the relative merits of various formalisms in order to describe physical --and by extension biological and social-- systems.  

As liberal arts mathematics and mathematical physics always serve some other discipline --the question is which one. We have already seen that prior to the advent of generalized commodity production in the sixteenth and seventeenth century, the answer to this question would have been fairly straightforward, at least with respect to astronomy. Astronomy served a cluster of instrumental arts --agriculture, navigation, etc. But it also served the science of astrology, which attempted to explain sublunar phenomena in terms of the actions of the heavenly bodies, and the practical discipline of horoscope casting. Finally, it served science of physics, or more specifically cosmology, which it provided with a model of the large-scale structure of the universe which then served as a link in the larger explanatory chain, at once a principle of explanation and something which itself needed to be explained. And through physics or cosmology, astronomy served wisdom, in the form of metaphysics, by helping to make possible the mind's ascent to the first principle, or God. Metaphysics, in turn, served theology --a higher wisdom-- which at its outer reaches made possible the cultivation of authentic connaturality with God, something which results in "caritative wisdom" or infused contemplation.

What happened, as we have seen in earlier chapters, is that as a result of the Aristotelian renaissance of the twelfth century, metaphysics became an increasingly important adjunct to theology, something which threatened clerical elites who responded with what we have called the Augustinian reaction. Integral to this reaction was the claim that the universe is as it is because God, in His sovereign freedom, made it that way --not because of any rational necessity, as the Aristotelians claimed. This shifted the focus of scientific research from the attempt to rationally explain the universe to empirical investigation (since we could know what God created only by studying it directly) and formal description. Thus the prominence of such Franciscan thinkers as Grosseteste and Bacon in the early stages of the "scientific revolution." These early pioneers of mathematical physics --and indeed many of their successors, such as Kepler and Newton-- imagined themselves still be in the service of theology, albeit more directly and less by mediation through metaphysics. But as mathematical physics --along with both the secular and clerical variants of the political theological critique-- began to undermine metaphysics, mathematical physics was increasingly "emancipated" from this servitude, creating the appearance of an "autonomous" "science" which served no master but the Truth. 

The reality, however, was quite different. From the thirteenth century on mathematical physics was an ideological instrument: first of clerical, and then of secular adversaries of metaphysics. And then, like the practitioners of less intellectual arts, the mathematical physicist found himself emancipated from the episcopal authorities who first chartered his guild only to end up bound to a more exacting master, whose terms were non-negotiable. I am referring, of course, to the marketplace. And the marketplace exercised its sovereignty not only through the spontaneous ideological mechanisms which we have already traced above, but also by direct economic leverage, by sponsoring those lines of investigation which promise to terminate in useful inventions, and neglecting those which do not. Mathematical physics, after all, is nothing if not a useful art –the basis of the new technologies which were already beginning to develop in the craft shops of the medieval Europe and which began to develop so rapidly after the seventeenth century. Far from being emancipated from science, metaphysics, and theology in order to become an "autonomous science" mathematical physics now serves technology, which in turn serves the marketplace. 

Our aim in the foregoing critique has not been to argue that mathematical physics has no place among the intellectual disciplines, but rather to discipline this unruly member of the universitas and re-order it to its proper end, and one far more noble than that which it currently serves: the search for an explanation, as complete and logically consistent as possible, of the universe as we experience it, and ultimately for an answer to humanity's most pressing questions about meaning and value. This means serving science rather than technique, and through science serving wisdom in its various degrees.

Science is Explanation

This said, we need now to specify just what it means to explain something, and just how the explanatory science we are proposing is related to wisdom proper, or metaphysics. In general, to explain something means to 

a) say why some fact, event, or pattern of facts and events is as it is and not otherwise, to

b) say why something is what it is, and not something else, and/or to

c) say why something, or everything, or indeed anything at all is in the first place.

We should note that these are three distinct levels or degrees of explanation. The first level of explanation is phenomenal and may or may not touch the nature of things. Thus, for example, if we say that the dam collapsed because it was too weak to bear the pressure which built up in the reservoir, that my stomach was settled because I took chamomile tea, or that the people of the steppes invaded the villages of the valley in order to claim a share in their greater wealth, we do indeed explain the event in question, but in a purely external way, without understanding the nature of the elements involved in the interaction or their inter-relations. Explanation of this sort can be casual and incidental, or it can be the product of a systematic effort to accumulate and distill the results of many generations of human experience. In the latter case it forms the basis for what we have earlier called an empirical lore. By the same token, we can also attempt to explain phenomena in terms of some underlying structure, thereby looking behind the appearance to the essence. Thus, for example, we might explain the properties of gold in terms of its atomic structure, the different hunting behaviors of canines and felines in terms of the somewhat different niches for which they are adapted, and/or the way in which they have adapted to those niches, or an economic crisis in terms of the internal contradictions of a definite economic structure. In this case, though the explanation in question can only be arrived at by empirical investigation, this investigation terminates in a principle from which the phenomenon can be rationally derived, so that it is thus rendered authentically understood. It is this sort or deductive explanation which constitutes the first degree of authentic science. 

It should be noted that at this first degree of explanation teleology can often be avoided, except in so far as purposeful organization or behavior or some sort is integral to the phenomenon being studied. Thus our explanation of the properties of gold in terms of its atomic structure need not be teleological, while the examples we have given from biology and sociology (hunting behavior and economic crisis) involve teleology only on the side of what is being explained, not on the side of the explanatory principle. Most of what is authentically science, and not merely mathematical model-building in contemporary mathematical physics and the disciplines inspired by it falls into this category. We should note, however, that in so far as the explanation refers to anything purely external, phenomenal, or contingent, such as the initial conditions or boundary conditions for some physical or chemical interaction, the explanation still retains elements of empirical lore. In so far as the initial conditions or boundary conditions are not actually observed, but merely inferred on the basis of theory, as is the case with much physical cosmology, they actually form an integral part of the mathematical model and are thus art and not science. 

The second degree of scientific explanation is, by its very nature, more difficult. Here we ask not why gold has the properties that it does, but rather why the principles governing atomic structure are as they are and not otherwise --e.g. why is energy transfer quantum and not continuous? why can't more than two electrons occupy the same energy state at the same time? etc. We ask not why cats and dogs hunt differently, but rather why there are these two different adaptive strategies in the first place, just how many possible adaptive strategies there are, why there are that number and not some other number, whether or not they are all realized, and why or why not, etc. And we ask that these question be answered not based on contingent data --i.e. in terms of a natural history of the planet, which operates on the level of a sophisticated empirical lore, but rather in terms of some rational principle from which structures or essences in question could be logically derived, if we understood the principle well enough and had the requisite intellectual power, and which in any case, even if we cannot advance to this level, helps us to "make sense out them," i.e. to render the structure of the universe and its subsystems meaningful.

The third degree of explanation attempts to answer a still more difficult question --i.e. not only why things are as they are, but why they are at all. Thus, if the first level of explanation might be called phenomenal, even when it explains in terms of some underlying structure or essence, and the second level might be called essential, the third level of explanation is existential. Here we attempt to grasp the mystery of beings and ultimately of Being itself.

Now while the first degree of explanation has, indeed, frequently been achieved by the mathematical physics and the various disciplines inspired by it, the limitations of the dominant paradigm notwithstanding, the second and third degrees of explanation generally have not. There are two reasons for this. First, the questions themselves have generally been ruled out of order as "not properly scientific." Here two factors are at work. On the one hand, the inability of intellectual disciplines operating under the dominant paradigm to answer the questions would call the paradigm itself into question, since the questions themselves are entirely reasonable. On the other hand, insofar as mathematical physics has functioned as a subaltern ideological agent of Capital, it has been necessary to rule out any line of inquiry which might render the universe meaningful and thus call into question the underlying nihilism of the market order. Second, the questions posed at the second and third degrees of explanation cannot be answered by empirical investigation, though any attempt to even pose the questions rigorously certainly presupposes a broad base of such investigation. This is because any explanation of the way things are, or of the fact that they are, in terms of some empirical data would amount to nothing more than an explanation in terms of the way things are and the fact that they are. It would either be incomplete, explaining one essence or structure, or the existence of one partial system, in terms of another, or else it would be tautological, explaining an essence or structure, or the existence of some partial system, in terms of itself. Nor could such explanations be the result of mathematical formalisms, which either formalize the results of empirical data, or model the shape such data might possible assume. Explaining why things are, and are the way they are at the most profound, structural level, require a research strategy which is distinctly non-empirical --which links observed phenomena and inferred essences together in a way which points towards a principle which itself is not observable and which is neither a formalization of observables or an imaginative construction, but which, once arrived at, can be known as real and rationally necessary. 
What might such a principle look like? How does one explain the underlying structures of things which are themselves the most powerful principles of explanation we can wield in relation to concrete empirical phenomena? Here we must let the higher sciences, biology and sociology, take the lead in pointing us in the right direction. Biological and social structures --e.g. anatomical designs or economic structures-- are generally explained as ways of achieving some definite end or purpose (minimally survival and reproduction) under definite material conditions. They are, in other words, generally explained teleologically. The same is true of many physical structures, even though there can be no implication of conscious intent or even unconscious striving. Thus the prevalence of some physical states over others is explained in terms of their superior energetic stability. The end aimed at is, furthermore, being --not yet Being as such, but certainly common being, understood as conserving the integrity of some structure, and possibly even expanding and reproducing it.

Science, it turns out, cannot resist teleological explanation even when it is foreign to the dominant paradigm. At most it can pretend that the explanations advanced are not teleological, and contain the ideological damage by using the most reductive language possible, and by resisting efforts to survey the results of the sciences across disciplines in order to identify general explanatory principles. 

But there is more. Not only are explanations at the second and third degree teleological. They must be. The reason for this is not hard to understand. Our aim here is to be complete without being tautological. This means that we must ultimately arrive at some principle which is authentically self-explanatory, which acts on things without itself being acted upon (otherwise would, in turn have to explain what was acting on our principle, and would end up with an infinite regress). And, as Aristotle first demonstrated (Aristotle. Metaphysics XII.7) that which acts without being acted upon acts by teleological attraction, as its beauty, truth, goodness, and integrity (which can themselves be shown to be transcendental properties of Being) draw things from mere possibility into actuality, along a potential infinity of different paths of development. 

From this standpoint the whole process of explanation appears as an integral whole. We begin with empirical pattern recognition, something which makes possible the accumulation of a rich and diverse empirical lore. We continue by penetrating beneath the phenomenon to the underlying structure --atomic configuration or anatomical complex, psychodynamics or economic system. And then we explain the structure itself in the one way possible: as a means of achieving the end of being or integrity, in whatever way that is possible at the level of organization in question, whether that means energetic stability, survival and reproduction, intellectual and moral development, or civilizational progress. As we do this an hypothesis emerges which is in one sense obvious, but which in the light of the past four centuries of science is also tremendously audacious: that in addition to all of the particular teleological attractors such as energetic stability, biological survival and reproduction, and civilizational progress, and spiritual development, there is also a "great attractor," Being itself, which accounts for all these finite participations in Being, as well as for some of the underlying structural features of the whole system which resist explanation as particular adaptive strategies, such as the fine tuning of basic cosmological constants, and the way in which certain physical laws are fixed (general and special relativity, the quantum principles identified above, etc.) Might not these fundamental structural features of the universe be "conditions of possibility" of material organization as such, and thus of finite participations in Being?

At this point, of course, this is only an hypothesis, and one which has not yet even been formulated rigorously. In order to do that we need to look in more depth at the actual process of doing science. Before we do that, however, we should note briefly that the sort of explanatory discipline we are proposing would by necessity include both the special sciences, or what Aristotle and Thomas called science proper, and wisdom or metaphysics. The boundary between the two is a fine one. Generally speaking, we call an explanation "science" if it remains within the boundaries of the first two degrees of explanation, and terminates only in an explanation of particular phenomena and structures. Thus extending the explanation of chemical properties in terms of atomic structure into an explanation of the principles governing atomic structure itself would still be science. Here it is still a matter of understanding some particular aspect of the world around us. When we cross over into the third degree of explanation, or put forward an hypothesis regarding the global ordering of the universe to a single end, we enter the realm of wisdom or metaphysics. Here the question concerns the existence and meaningfulness of the universe as a whole. Certain inquiries straddle the boundaries between these two disciplines. We might for, example want to understand cosmological fine tuning as a phenomenon in its own right, and thus approach the matter scientifically, but there is no way to avoid implications regarding the ultimate meaningfulness of the universe as a whole. Similarly, we might start out trying to explain the principles governing atomic structure but end up discovering that these principles flow directly from the requirement that the universe be structured in a certain way if it is to exist at all. Generally science, even a science open to teleological explanation, will take the end for granted and investigate just how the end is realized; metaphysics will attempt to understand the end itself in so far as that is possible. This in turn will point to differences in method which should become clear in the following section. 

Scientific Method
Method in Science
We have clarified the aims of science and of metaphysical wisdom; we need now to specify their methods. This is an important question, because since at least the seventeenth century, and to some extent since the late Middle Ages, there has been a tendency to define science first and foremost in terms of its method, without respect to the aims those methods were intended to serve. Under the influence of rationalist and empiricist epistemologies, there was a growing emphasis on some combination of controlled empirical research and mathematical modeling, driven by the belief that these methods and these methods alone could yield certain, or at least highly probable results. 

The past century has seen the philosophy of science take a more humble turn, as the claims of the experimental method have been subjected to more careful scrutiny and the foundations of mathematics, once thought to be so firm, have proven themselves to rather difficult to establish. Thus empiricists and positivists, who in the seventeenth century might have spoken confidently of "experimental confirmation" of scientific hypotheses now speak more modestly --if also more awkwardly of "non-disconfirmation." All empirical research can do, it appears, to show that an hypothesis cannot yet be ruled out. Similarly, the mathematical structures necessary to the formalization of physical systems, which Leibniz believed to be founded on the self-evident rules of logic, turn out to depend for their consistency and completeness on acts of transcendental abstraction or intellectual intuition --precisely the sorts of intellectual vagary the rationalist and empiricist programs had hoped to abolish from science. 

The myth, however, that science offers certain answers, whereas history on the one hand and philosophy and theology on the other hand offer mere opinion, persists, and not only among the general public. One need only ask a working scientist his opinion of the humanities. From whence this conviction of methodological "hard-nosedness"? The answer, of course, lies in the largely unexamined aims of the "science" dominated by mathematical physics, which we identified above. Controlled experiment and mathematical formalization may not yield certain knowledge, but they do yield knowledge which is useful to the engineer and technician, whose products in turn are useful to Capital. The hard-nosed contempt of people in the mathematical disciplines for those in the humanities is the contempt of the businessman for the philosopher who, in the within the present social order, is impotent.

The aims of the science we propose are quite different, and as a result the method must be different as well. Controlled experiment is an appropriate method for research which is directed, consciously or unconsciously, at developing technologies which can control or manipulate physical, biological, or social systems in a definite way. What this sort of research does, after all, is to identify a lever, subject to human control, which reliably produces a definite result. Mathematical modeling or formalization, similarly, is an appropriate tool for understanding the way the universe is constructed when our ultimate aim is reconstruct it in accord with our own aims. But if our purpose is not to control or reconstruct, but rather to understand --and in technological applications to tap into-- the already existing dynamics of natural systems themselves, then these methods are not only inadequate, but actually suspect. Controlled experiments, for example, isolate one single factor and tell us how that factor affects the rest of the system being studied. But what if that factor operates differently when it is not isolated and subjected to manipulation? Mathematical formalization, similarly, at best identifies relationships between externally related phenomena. It is precisely attempts to formalize internal relationships which generate the paradoxes of relativity and quantum mechanics and transform mathematical physics from a hard-nosed attempt to bring nature under control into a discipline which has more in common with a mystery religion than an empirical science.

This is not to say that we reject the role of empirical investigation. On the contrary, the general theory of knowledge, which have already outlined in detail in an earlier work (Mansueto 2002b), makes it clear that all human knowledge begins with the senses. Science is no different. Indeed, if we are to break out of the stuck research programs and internal contradictions into which science in late capitalist society has fallen, and emancipate ourselves from the tyranny of the formalism, we need a science which has re-immersed itself in the data of the senses. The difference is that the emphasis of this empirical investigation must be observation rather than experiment, so that we begin to discover what nature is already doing herself, rather than merely what we can do to her.

This said, it must also be remembered that our cognitive faculties are hierarchically ordered, so that sensation is always already formed by intellect, and lower intellectual acts by higher. The teleological scientist is no more capable than the mathematical physicist of "pure" observation. This is why empirical research is always theory-laden, always formed by the questions we ask, which in turn reflect a definite theoretical stance. The observations we make --i.e. the raw sensory data we take in-- are formed by the imaginative drive of the internal senses to form unified images and indeed a unified picture of the world around us. This imaginative activity is, in turn formed by the taxonomic schemes which are imbedded in language. The world around us, that is, turns out to be made up exclusively of "things" for which we have a name.
 And when we discover something new, the very act of observation and image formation associated with the discovery is always accompanied by a properly intellectual act: the question "What is it?" Throughout this process we test our knowledge, constantly asking if we are seeing as well as we might, if our image really captures reality, if our way of naming a thing is really adequate or if, perhaps, it doesn't need to be modified or qualified in some way.

This is the level of cognitive activity typical of a child who is just learning language. The range of questions which govern our empirical explorations soon expand to include "how?" and "why." We naturally look for, and begin to identify patterns of relationships between things and between events and we begin search out among these relationships some which can be used to explain what is going on around us --both particular system and the imaginatively constructed whole we call the universe. Science and wisdom as we have defined them are nothing more or less than particularly rigorous and excellent ways of carrying out these natural human activities, and not some different activity with which ordinary humans have nothing to do. 

In what does this rigor and excellence consist? It consists, first of all, in rendering the process conscious, and thus in focusing on each act so that we can do it well. This means, first of all, being clear about the question or questions which we are posing. Are we asking what? or how? or why? Are we classifying, modeling or formalizing relationships, or attempting to explain? And are we relating these questions to each other in a proper hierarchical ordering? Before we can model relationships we need to have some sense of what is being related to what, and thus an adequate taxonomy. Before we can explain we need to have a rigorous, formal definition of what is being explained. But each our taxonomies and formalisms must serve the effort to explain, since the search for meaning represents the highest order human function.

As science develops, it produces an accumulated body of theory which more and more begins to define what questions still need to be asked and what sort of answers are to be expected. Thus in a young science, research questions may be posed without pointing directly to some hypothesis to be tested. The hypothesis emerges only out of extensive empirical observation. In a mature science on the other hand, the way the question is frame generally itself already implies an hypothesis. Excellence in science presupposes a grasp of this existing body of theory and the ability to work within it, but it also means the ability to identify those questions which represent not merely gaps which still need to be filled in, but real limitations of or contradictions in the dominant paradigm, and the ability to frame research questions which can either resolve these contradictions or point towards a new paradigm.

The second aspect of excellence in science is the capacity for systematic, authentically open-ended observation. This may involve a particular acuity in the senses, or it may involve the ability to design or use instruments which collect data which our senses cannot. But it always involves attention to such questions as representativeness and reliability. Is the data we are collecting really typical of the system we are studying? Will others see the same thing? If not, why not? More importantly, however, it involves an awareness of the complex interaction between theory and observation. To what extent is what I am seeing driven by what I expect to see? The scientist needs to discipline him/herself to be open to data which are authentically unexpected. Since the relationship between observation and theory is mediated by the imagination, this means above all disciplining the imagination to be open to unexpected possibilities. It is little wonder that really creative scientists are often enamored with scientifically improbable science fiction. Deeper training in the fine arts, actually learning to imagine and represent in painting, music, or literature life-worlds which conflict with existing theory, should form an integral dimension of scientific training.

Third, the scientist must excel at empirical pattern recognition. This is a subtle skill, which integrates imagination with the intellectual operations of totalization and elementary formalization. Patterns are always relationships of similarity and/or difference, which we have argued is the very essence of totalization or classification. But since empirical data are always fragmentary and incomplete, the recognition of a pattern involves the imaginative extension of data in order to construct a whole pattern. And since most patterns can, in fact, be characterized in multiple ways, we need to ask what is the best way to describe a pattern, something which points us very quickly towards formalization. We want our patterns, after all, to be characterized by systems of similar differences and different similarities, and this means a system of ratios which --implicitly or explicitly-- quantifies our description. 

Related to but distinct from excellence in empirical pattern recognition is the art of developing elegant formal descriptions. This involves looking beneath the empirical pattern for some principle or formalism which can describe it more elegantly or economically. Where the empirical pattern generally still embodies some element of contingency, the formal description is something which could, at least in principle, be derived from other formalisms as a sort of special case. Thus Tycho Brahe compiled empirical data on planetary motion and developed a preliminary model of that motion. Kepler reduced the data to a formalism which was later shown to be a special case of the more general Newtonian laws. Adam Smith identified general patterns in the behavior of markets; Ricardo reduced those patterns to formal laws which Marx then showed to be a special case of more general economic principles. It should be noted that while formal descriptions are often mathematical they need not be. Structural descriptions of the sort linguists give of syntagmatic rules or that anthropologists give of kinship rules are also formal. The criterion is simply that all the terms and their relations be sufficiently well defined that the proposition can be subjected to manipulation using the rules of formal logic. 

Once the results of empirical observation have been formalized, then it is possible to seek an explanation. And it is here that teleological science requires certain habits of mind which differ radically from those cultivated by the mathematical physicist. What is required here is to infer from the structure of a system, and the way in which it relates to other systems, just what its end or purpose might be and thus why it is structured the way it is, and indeed why it exists at all. It must be stressed that we are not begging the question of teleology, local or cosmic, by insisting that the scientist attempt to conclude to the purpose of systems. First, we have already shown that any complete explanation will be teleological or at least involve teleological elements. Second, we are at this stage still identifying hypotheses which need to be tested. The scientific process remains formally open to the possibility that there is no purpose --and thus no explanation-- for either some local system or for the universe generally.
 

Inferring a purpose from a structure is an act of the intellect which we have earlier specified as transcendental abstraction. And as we noted above, the act of transcendental abstraction --the ability to see purpose-- derives from living purposefully in a society which is well ordered towards the natural end of human life --the cultivation of the intellect and the will and the progress of human civilization. It is by creating beauty and by performing just acts that we are formed in such a way as to be able to discover the purpose of things and thus rise from the formally correct to the transcendentally True. In this sense aesthetic and moral discipline are as central to the formation of the scientist as properly intellectual discipline.
 

The final factor which defines excellence in science is the capacity to test and pass judgment on hypotheses developed through the foregoing process. Here there are two tests which must be applied. First, the hypothesis must be tested against the rules of logic. Is the hypothesis logically coherent or does it contain internal contradictions or conflict with established principles which we otherwise have no reason to discard? Second the hypothesis must be tested against the evidence. When we are talking about explanations, as opposed to mere mathematical models, this does not mean simply making predictions on the basis of the principle in question and then carrying out further observations to see whether or not the predictions are born out, though such activity might well form a part of a scientific test. Rather, we want the principle in question to logically imply what is being explained, i.e. the existence, structure, and/or behavior of the system in question, so that, knowing the principle we can conclude without further observation the system. Where this is not possible, because the system in question resists this level of comprehension, we want at the very least for our explanatory principle to make sense out of the system, so that when we understand the system in the light of the principle what previously seemed arbitrary and contingent now seems quite natural, because we have assimilated something of the nature of the system to ourselves and become conformed to it.
 The closer the principle proposed achieves the ideal of allowing us to derive from it the existence, structure, and behavior of the system or systems being explained, the greater its explanatory power and the more it is to be preferred over alternatives.

This is the positive criterion for judging proposed explanations. There is also a negative criterion, generally known as Occam's Razor. According to this principle, the simplest explanation, or that which makes the fewest unproven assumptions is, other things being equal, to be preferred. A word of caution is, however, in order. Occam's Razor is often invoked in a way which makes identifies economy in explanation with reductionism. Thus, it is assumed to be more economical to explain human or animal behavior by the combined action of any number of physical principles before teleological attraction is even considered. On the contrary, since the seventeenth century science has gone to ever greater lengths in order to defend reductionism against more obvious alternatives.
 This is unwarranted. Occam's Razor must be used in conjunction with "Mansueto's Switchblade": 

The most economical explanation is not always the most reductive. 

In judging the adequacy of an explanation, or evaluating the relative merits of alternative explanations, the positive and negative criteria must be carefully balanced against each other. There is no general rule which can be used to rank order their priority. And it must, in any case, be kept carefully in mind that even when a scientific principle has been established as true, in the sense of providing a powerful and economic explanation of some natural system, this does not mean that it cannot or will not later be supplanted by some still more adequate explanation. Perfect science exists only in the mind of God, who knows not as we do, by observation and inference, or by logical analysis of Her own essence as the angels do, but rather as the cause of the things known, which flow from the divine nature. 

Method in Metaphysics

We have, thus far, characterized the methods of science. What about the method of wisdom, or more specifically of metaphysical wisdom, which we have argued continues and completes the work science begins by arriving at last at a complete explanation of the universe and by providing an answer to humanity's deepest questions about ultimate meaning and value? As an intellectual discipline which like science aims at explanation, the methods of metaphysics are similar. But where science aims at explaining particular systems, or particular levels of organization, metaphysics aims at an explanation of the whole. In this sense it begins where the special sciences leave off, and takes their results, especially their most general results concerning, for example the very nature of physical, biological, and social organization, and the laws governing the large scale evolution of the universe, as its initial data. This is why we still use a name for this discipline --metaphysics-- which to some extent arose accidentally, in virtue of the placement of Aristotle's treatment of these questions after his Physics when his works were compiled by editors. Because of this metaphysics does not engage in direct empirical investigation, but rather leaves this to the special sciences. Direct observation, imaginative construction, empirical pattern recognition, and formal model building are all outside the scope of metaphysical investigation. Where metaphysics overlaps with science is in the act of transcendental abstraction which infers from the structure of systems to their end or purpose. The difference is that where the special sciences engages in this sort of inference primarily in order to explain the structure of a particular system or the properties of a particular level of organization, metaphysics is interested in discovering whether or not there is an end or purpose and if so what that end or purpose is. Because of this the metaphysician will generally be interested in inferring the purpose of higher order rather than lower order systems: s/he will be more like to ask why basic physical constants are fixed as they are or why energy transfer is quantum rather than continuous than to ask why rabbits evolved in such a way as to derive much of the protein in their diets from bacteria in a special sort of fecal matter produced by an organ known as the cecum. The result of this process of transcendental abstraction is thus a general explanatory theory which unifies the sciences and which concludes to a single explanatory system in terms of which the whole universe can be shown to be rationally necessary.

Metaphysics does not, however, stop at this point, which might be described as the level of philosophical cosmology. Rather it continues its investigation by formalizing its description of the first principle as best it can and then using the methods of logical analysis in order to identify, in so far as possible, the properties of this first principle. Thus the argument that Being is convertible with Beauty, Truth, Good, and One or that the first principle must necessarily be infinite, necessary, and perfect, that it is Omniscient, omnipotent, personal, etc. To the extent that the present work ventures into properly metaphysical territory, it will mostly confine itself to the first sort of investigation --i.e. to asking whether or not there is some first principle to which the universe as a whole is ordered and in terms of which it can be explained. Analysis of the nature of this principle will await a subsequent work.

The criteria for evaluating metaphysical hypotheses are not fundamentally different from those for evaluating hypotheses in science. Metaphysical theories must have explanatory power and they must meet the tests of logical coherence and economy. They must in other words, shed real light on the world as we experience it, helping us to make sense out of life even if they are not able to render the universe fully intelligible as a logical system. They must avoid internal contradiction. And they must attempt to do as much with as little apparatus as possible. These principles do, however, taken on a somewhat different sense in the context of metaphysics than in the context of the special sciences. Because of its distance from empirical investigation, there is a danger that metaphysicians will begin to spin vast systems which seems to make logical sense but which contain much which makes little or no difference in terms of the way in which we understand the world or live our lives. This is "speculation" in the worst sense and gives metaphysics a bad name. The metaphysician must resist the impulse to spin castles in the air and constantly ask what difference his/her work makes in practice.
 Similarly, the metaphysician must keep in mind that when formalizing descriptions of systems more complex than ourselves, we only arrive at very general approximations. Attempts to then deduce from these formalizations complex statements regarding the divine nature, the nature of separate substances, etc., are profoundly misguided and represent the worst sort of intellectual arrogance. Perfectly logical deductions from premises which are always, because of the complexity of the principle they attempt to grasp, somewhat faulty, cannot lead us closer to the truth. What metaphysics does is to vindicate our natural faith in the ultimate meaningfulness of the universe and define the nature of that meaning in very broad outlines which permits us to complete science and ground ethics and to lay a foundation for human spiritual and civilizational progress. Baroque speculative systems are a distraction from the work at hand.

A General Thesis Regarding the Organization of the Universe
Having specified the end or purpose of science and of metaphysics, and the methods by which one can arrive at those ends, it now remains for us to lay out the general thesis which will be defended in the final chapters of this work. We have already demonstrated in the opening part of this book and in foregoing sections of this chapter the principal constraints on this thesis. On the one hand, we have shown that any possible explanatory theory which is complete must also be teleological. On the other hand, we have seen that Aristotelian physics collapsed because of its inability to accommodate evidence of chaos and contradiction within the context of a unified theory of motion. What we need is a theory which can integrate teleological explanation with chaos and contradiction. 

Aristotle's theory of the four causes (Aristotle. Physics 2.3, Metaphysics 1.7) already provides a basis for this move. According to Aristotle, any given system can be explained by 

a) a material cause, or that out of which it is formed,

b) a formal causes, or what it is,

c) a final cause, or that for which it is, and

d) an efficient cause, or that by which it comes to be.

Now as we already noted in our discussion of Aristotle above efficient cause does not properly belong within this sequence, since it can often be identified with one of the other types of causes (Aristotle. Physics 2.7), and when it cannot (as in the case of a man who causes a javelin to fly to throwing it) this is a result of a different sort of analysis of causation, more historical and focused on contingent elements than scientific and aiming at necessary principles. This leaves us with three types of explanatory principles: matter, form, and end or .

Now in order to see the potential here for rectifying Aristotle's problem we need to remind ourselves of just what matter is in an Aristotelian context. Matter is simply the potential for form or organization; it is not in itself anything in particular. This point, often forgotten and perhaps never really understood by Aristotle and his followers means that the role of the material cause is not so much to provide an unchanging substratum to systems which otherwise undergo constant transformation, as some defenders of the principle of finality have argued (Garrigou-Lagrange 1932), but a reminder that while there may be one end towards which everything is ordered, which we have specified as Being itself, or the Good, the True, the Beautiful, and the One, there is also a potential infinity of ways of realizing this end. Teleological attraction operates with iron-clad necessity, but it does so against a background of infinite possibility. 

As the  reduces this potential to act matter becomes increasingly structured, formal, or organized. These forms or structures are ways of realizing the telos --of participating and persisting in Being or, what is the same thing, of becoming increasingly organized.
 Note that under this formulation, teleology does not imply either or conscious intent of conscious design. Being an atom of gold is a way of being, or of participating in being, and thus of realizing the end or telos, and this in no sense requires to atom of gold to know what it is doing or why. Nor does it require that there is some cosmic architect who designed gold in a certain way in order to allow it to realize that end. Cognition and intelligence are emergent properties of material systems which appear only as they approach closer and closer to God.

Now form or structure actualizes the potential latent in matter, but it also limits or constrains, as Thomas was always at pains to point out. (Aquinas. Being and Essence). Becoming an atom of gold prevents one from being human, and vice versa. And herein lies the possibility --nay the inevitability-- of contradiction and struggle and decay. Purely physical systems, which Aristotle would have characterized as mineral --i.e. capable of holding their form-- do not undergo real growth and development. It seems that the higher levels of organization characteristic of living system require a certain amount of internal looseness or chaos in their structures, and indeed in their external environment, if they are to emerge in the first place and be capable of growth and development. What ever else we have learned in the past three hundred years it is that crystalline spheres represent not a higher but rather a lower degree of organization than we do --or indeed than a slug or witchity-grub. There is, furthermore, only so much growth and development which can take place with the scope of a given structure. And often even this limit cannot be reached. The formation of matter limits the way it can be used by other systems, so that supplies of useful energy and raw materials are often limited. While some finite systems are structured in such a way as to make possible harmonious co-existence or even symbiosis, others are not. Indeed, some systems are structured to realize the good by exploiting and even consuming others. Some forms may even be annihilated in the process. And all of this happens quite naturally in the course of matter's upward surge towards God. 

Thus far our proposal may sound a bit like the liberal theories of evolution through random variation and natural selection which we criticized in the second part of this work, or the dialectical materialist "principle of contradiction" according to which every system has internal contradictions which accumulate until reorganization, which is often violent and destructive, is necessary, and a new, more complex structure takes its place. And there is indeed some common ground: the insight, which Aristotle lacked, that struggle and decay do not represent dead loss, but are real occasions for innovation. The difference is that for both the liberal and the dialectical materialist the process has no real meaning beyond itself, and the trend towards the development of higher degrees of organization goes unexplained.
 From our point of view, on the other hand, it is precisely the attractive power of Being itself, whether realized as energetic stability, survival and reproduction, or intellect and will which draws things out of the pure potentiality of matter and into existence. Struggle and conflict are never merely that. They are driven by a contradiction between the drive towards the telos and structures which at once facilitate and hold back development. And as systems become more complex this evolutionary dynamism becomes more conscious and more complex. Animals use their complex sensory capacities to seek out new niches and then adapt to meet the challenges those niches pose. Human beings use their intellects to grasp the Good in ever more complete ways and then work to reorganize their societies in such a way as to make possible realization of these new aspirations.

The outlines of our thesis should thus be clear. Any material system can be explained with respect to three factors:

1) the material conditions under which it develops, which constrain the availability of various resources (raw materials, energy),

2) the dominant structure, which determines how these resources are used in the service of Being (system integrity), and

3) teleological attractors, both local and universal, appropriate to the level of organization in question.

At any given point existing structures at once facilitate and constrain development, so that the teleological drive towards higher degrees of organization, and thus a higher ontological grade, sometimes comes to conflict with the existing structure, which is then burst asunder and replaced by new forms more conducive to growth. This process takes very different forms at different levels of organization (physical, biological, and social). It is at once necessary, operating with iron-clad certainty towards the long term development of higher degrees of organization, and radically open, proceeding along lines which can never be completely predicted, constrained only by what is logically possible, and by certain general conditions, which are embodied in fundamental physical law, which are necessary to the existence of any sort of organization whatsoever. The process terminates only in a form of organization which is infinite, perfect, necessary, and thus divine --i.e. in Being itself, which is the attractor on which the process as a whole radically depends and from which it derives its ultimate meaning.

Having advanced this thesis, we need now to test it, seeing to what extent it can shed light on physical, biological, and social systems, and to what extent it makes possible definition of a promising research program. It is to these tasks that we now proceed.

� This way of distinguishing between the arts and sciences is in fact relatively recent, the product of nineteenth century positivism on the one hand, and the German Geistwissenschaft movement on the other --a movement which, as Lukacs has shown, was deeply imbued with the very same irrationalism which eventually gave birth to Nazism (Lukacs 1953/1980).


 2. Fine here comes from the Latin fine or end.


 3. One might argue that this means mathematics is also a science of possible beings, but this is not the connection in which it interests here. 


 4. This is not to say, of course, that mathematical physics does not produce knowledge which, because useful to the engineer and technician, is also useful to humanity generally. But in a nonmarket (and nontributary) economy decisions about what is to be made are driven by philosophically informed public discourse. It is obvious that, useful and dignified as the work of the mathematical physicist is, that of the philosopher, because it helps to set the overall direction of development for the society, is more useful and dignified still. Thus the central importance of philosopher under the old Soviet Union, which made training in philosophy an integral part of its universal education system and which had more philosophers per capita than any other society on the planet. 


5. This is true even if we think we don't know what something is. On seeing such an object we will still be able to classify it roughly in terms of shape, color, sound, smell, taste, texture, etc., if nothing else by setting off against things from which it seems to differ.


 6. It might be asked where why we do not take the road proposed by traditional Dominican Thomism, such as that of Garrigou-Lagrange (Garrigou-Lagrange 1932), which simply insists on the principle of "finality" as he calls it, as a logical consequence of the principle of identity and contradiction and the principle of sufficient reason, which implies that everything as a cause. Garrigou-Lagrange argues that it is only the principal of finality which can explain the fact of change without violating the principles of identity and contradiction.  By showing that things are at once one thing (actually) and another (potentially) Aristotle overcame the contradiction between the correct but otherwise incompatible insights of Parmenides and Heraclitus and opened up the possibility of authentic scientific explanation.


The difficulty with this approach is that it takes as self-evident, or at least as following from principles which are self-evident, conclusions which are no longer self-evident to most people in our society. Partly this is simply a question of ideological strategy and tactics. People are not going to be convinced of the ultimate meaningfulness of the universe simply by being reminded that this conclusion follows from rules of logic for which they have little regard in the first place. It is hoped that a real engagement with mathematical physics and empirical scientific investigation will prove more convincing. At the same time, the development of formal logic over the course of the past century, especially as it has attempted to come to term with some of the paradoxes of mathematical physics, has called into question the self-evident character of the rules of logic. Similar issues are raised by the development of dialectical logics, which stress the role of contradiction as a principle of explanation something which, we will argue, must be incorporated into any teleological strategy if it is to accommodate the evidence of chaos and contradiction in the real world. Because of this, rather than regarding the rules of logic, and especially the principles of sufficient reason and finality as self-evident, we regard them as very high order abstractions based on experience, and thus as principles which must, like any other, be tested against experience. 


7.  It is little wonder that the popular imagination in capitalist societies has so easily embraced the image of the scientist as "mad" or "evil." Partly, of course, this may be simply a reflection of a general anti-intellectualism --though the humanistic intelligentsia is generally reviled as useless, lazy, or subversive rather than as positively destructive. And the role of the science dominated by mathematical physics in the development of weapons of mass destruction, and the generally association of scientific research with the military sector, cannot help but accentuate the tendency to regard the scientist with some suspicion. But there is a deeper link between a science which refuses to ask questions of meaning and purpose and the image of the scientist as amoral or immoral. Since it is moral excellence --living a purposeful life well ordered to the Good-- which enables us to see the purposes of things, it follows that someone who doesn't see purposes --indeed who stubbornly refuses to even ask about purposes-- must somehow be morally defective. And even if this is not true, an intellectual formation which belittles questions of meaning and purpose can hardly be conducive to a purposeful and thus morally excellent life.


8. There are, generally speaking, two reasons why a system would resist complete comprehension. On the one hand, it might be more complex than we are, in which case it would be logically impossible for us to understand it, though we might specify at least some of its general characteristics. This is true of God and of what the philosophical tradition has historically called angels or separate substances. More common in science is the problem of systems which, because they are submerged in matter, are still more potential than actual and thus resist complete comprehension for the simple reason that the lines along which they will be formed, and thus become intelligible, has not yet been determined. Thus we can never complete comprehend dogs because there are so many ways to be a dog that the species cannot be reduced to a single logical principles from which all canine activity can be deduced. The same is true for all other material systems, physical, biological, and social. If certain physical systems give the impression of being more fully intelligible than say plants, animals, or societies this is because we have become used to a (mathematical) physics which abstracts certain very simple quantitative properties from the systems in question and then identifies the resulting mathematical model with the system itself. In reality the course of development of a cloud of interstellar gas is far less determined by principle than, say the development of an atom of carbon, a sprig of wheat, a donkey, the human intellect, or a human civilization. Each of these higher order systems, in so far as it remains what it is and is not reduced to its physical components, develops along a progressively narrower evolutionary pathway. Human beings, while far less predictable than a simple two-body gravitational system, are far more intelligible, at least once we have grasped the ends of human life and the structures through which we humans pursue those ends, as well as the material constraints under which we do so. 


9  One of the best examples of this tendency is Freud's Oedipal theory --which also illustrates the transparent ideological functions of reductionism. Confronted by 18 patients, 12 women and 6 men who presented the unexplained physical symptoms (which might include anything from a persistent cough to paralysis) generally class as "hysteria" at the time, Freud began to interview them regarding their dreams. All reported images of sexual activity with adults when they themselves were still children. Freud reached the obvious conclusion: that the hysterical symptoms from which his patients suffered were there result of childhood trauma and in particular of sexual abuse. When the results were published in The Aitiology of Hysteria, however, the medical community reacted with outrage. Freud, after all, was accusing upstanding Vienna families of criminal sexual abuse and implicitly exposing the patriarchal structure of Austrian bourgeois society. His mentors took him aside and warned him that if he wanted a medical career he had best reconsider his conclusions. Soon an alternative explanation appeared, which ascribed the dream images to an unresolved desire on the part of his patients to have sex with their parents, something for which there was no independent evidence. This was the seed of what later became the Oedipal theory and the foundation of the whole discipline of psychoanalysis, which reduces humanity's great glories, work and love, to nothing more than (very imperfectly) sublimated sex and aggression. Humanity is at constant war with itself, forced to repress desires which are only natural but which conflict with our unusual survival strategy (civilization). It is this tension, and not exploitation which is the source of human misery, and efforts at social transformation are thus unwarranted. Women, furthermore, because of the less traumatic character of their Oedipal crises (they are "already castrated" and thus cannot be subjected to this threat, which apparently has such a salutary moral effect on men) are "less moral and more instinctual" than men, to whose supervision they must constantly be subordinated if their cynical manipulations are not to undermine human civilization (Freud 1927/1961, 1930/1961, 1931, 1961; Miller 1986). 


The Oedipal theory is less economical because it posits a causal factor --the child’s desire to have sex with its mother-- for which we have no independent evidence in order to avoid a political problematic but far more straightforward explanation in terms of sexual abuse. It is more reductive because it reduces all human aspirations to expressions of sex and aggression. It is ideological because it tells us that human misery is a function not of capitalism but of the human condition as such.


 10. This is not to say that highly abstract metaphysical principles cannot make a practical difference. On the contrary, what may initially seem like very minor divergences in metaphysical theory can often yield, by way of their ethical implications, the most profound practical differences. Thus the very slight shift in emphasis between say Thomas and Dante towards understanding God more exclusively as final cause, leads to a shift in political allegiance from the papacy to the Holy Roman Empire. 


11. Aristotle sometimes suggests that the end or telos is nothing other than the perfection of the form, implying that formal and final cause may also be identified. While this is sometimes true (the mature form of the plant is, in a certain sense the end towards which the vegetative processes of the plant are directed) it is not true absolutely. On the contrary, the structure of the mitochondrion has as its end not that structure itself, but the vegetative and animal functions of the organism of which it forms a part. And even the plant has an end beyond its own structure if it is considered in the context of a definite ecosystem, etc. Form or structure is an order, the end or telos is what the form or structure is ordered to. 


12 That Being is organization should be obvious simply by considering the case of a system which lacked any organization at all. It simply wouldn't exist. Similarly, attacking the organizational integrity of a system destroys it, making it cease being what it is and reducing it in ontological grade. As something becomes more organized, integrating an ever greater diversity of elements in a more complex way to serve a common purpose, on the other hand, it participates ever more fully in Being. That which integrates all logically possible elements in perfect harmony is God or Being as such.


The convertibility of Being with its transcendental properties --the Beautiful, the True, the Good, and the One-- follows immediately. When we say these terms are convertible with Being we mean that they refer to the same thing as Being, though they add some relation (Aquinas, Summa Theologiae, I, 5.1, 9.1, 16.3). It is this strategy precisely that we propose to use here. Consider, for example, the nature of beauty. By the beauty of a system, we mean simply its level of organization, understood as the object of (sensory or intellectual) perception. The greater the diversity of the elements organized, and the more perfect the harmony in which they are united, the more beautiful the system. This is true throughout the natural world, from simple harmonies of the night sky, through the more complex forms of the crystalline structures and living organisms to the rich, lush diversity of complex ecosystems and human societies. And it is true as well of great works of art, which are nothing if not a complex manifold of relations harmoniously arranged. Beauty itself, as Albertus Magnus and Thomas Aquinas taught long ago, is the capacity to bring things into being, and is thus convertible with Being itself, or God.


	The truth value of a statement, a concept, or theory, similarly, is its capacity to organize large quantities of qualitatively diverse, and therefore highly complex experience. It is necessary in this connection to focus equal attention on the complexity of the experience organized and on the level of organization of the experience in question. Our experience is most highly organized when we identify highly compact "organizing principles," knowledge of which permits us to derive logically all the rich particularity of the experience on which the principle was based. It is this organizing capacity of theories which leads us to speak analogously of their "power." The most powerful theories are those which comprehend the full range of experience in unique compact statements which are themselves pregnant with rich experiential content.


	The good, finally, is organization realized as something desirable, and thus as final cause. As final it is the object of our desire or appetite, whether sensual or intellectual, and as cause, it is the actual capacity to organize. 


� Why, for example, given the fact that bacteria and insects are far more successful at surviving and reproducing than are the higher birds and mammals, did these cumbersome and relatively inefficient forms development in the first place? Why should the crisis of capitalism lead to socialism rather than barbarism?
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